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Microwave based DNA extraction

 Fast Microwave-based DNA Extraction from Vegetative
Mycelium and Fruiting Body Tissues of Agaricomycetes

for PCR Amplification

Bastian Dörnte and Ursula Kües*
Büsgen-Institute, Division of Molecular Wood Biotechnology and Technical Mycology, University of

Goettingen, Büsgenweg 2, 37077 Goettingen, Germany
*For correspondence – ukuees@gwdg.de

Abstract
In this study, we tested a microwave-based

DNA extraction method for subsequent DNA
amplifications by PCR on vegetative mycelia and
mushrooms of different Agaricomycetes. The
extraction method requires tiny amounts of fungal
material, is rapid and achieved within minutes,
why it is superior to classical extraction methods
which are work-intensive and require larger
amounts of starting material, hours of time for
performance and in addition specific expensive
and hazardous chemicals for cell lysis and DNA
purification. The microwave method with highest
reliability is suitable for vegetative mycelium
harvested from fresh and also from aged fungal
cultures. It is especially attractive for slow-
growing species of which larger amounts of
mycelium are difficult to obtain from. The method
is further applicable with success rates between
76.9% and 90.9% to fleshy mushrooms over a
wide range of families of Agaricomycetes, both
in fresh as well as in dried form,  and also to firm
young and older fruiting bodies of more robust
leathery, corky and woody textures. Also non-
cultivable species can thus be  accessed  for
DNA analyses. Finally, we show that also fungal
infested plant material  such  as millet, straw,
wood and bark  can  be used.   However, here
the success depends on freshness  of  the
material and on presence of sufficient surface
mycelium.

Keywords: Agaricomycetes, mushrooms,
mycelium, microwaving, DNA extraction, PCR
amplification

Introduction
Classically, fungal DNA isolation involves

cultivation of individual clones, harvesting the
mycelium and isolating the DNA from usually
frozen or freeze-dried samples (1-6). Depending
on the growth capacity of a species the whole
process can take up several weeks, provided that
a fungus can be cultured. Due to the rigid
character of fungal cell walls, the applied isolation
protocol requires an effective method to break
the cells and thereby release the DNA.
Conventional DNA isolation protocols include an
initial mechanical grinding and a successive
treatment with chemicals to disrupt the fungal
cell walls and membranes. The released DNA is
subsequently purified from cell wall debris,
proteins and other molecules, mostly applying a
mixture of phenol-chloroform followed by
centrifugation and ethanol precipitation of the
DNA from the watery supernatant. The obtained
genomic DNA is used for a broad spectrum of
molecular biological applications such as DNA
library construction, sequence analyses,
subcloning of (PCR-amplified) DNA fragments,
Southern blot analyses, screening of genetic
transformants, fungal species and strain
identification (barcoding), fungal population
analyses, and more. However, conventional
isolation protocols apply some hazardous
chemicals like liquid nitrogen, CTAB
(cetyltrimethylammonium bromide), SDS
(sodium dodecyl sulfate), phenol:chloroform and
β-mercaptoethanol. Furthermore, common
methods require sufficient amounts of starting
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material, are time consuming due to extensive
handling and purification steps, involve costs for
chemicals and are an extra investment when
applied in form of commercial kits.

Not all applications require high quality, not
much sheared DNA. In recent years, alternative
short-protocols were developed for isolation of
DNA from fungi for applications in connection with
PCR (7-15). Some of these alternatives use
microwave irradiation for breaking up the fungal
cell walls and membranes to release the DNA
from the cells without former mechanical grinding
(11-15) and in some instances this is also done
without any specific lysis buffer (12-15). To our
knowledge, there are currently only two reports
on higher basidiomycetes (Agaricomycetes)
using such technique (14,15). Nakazawa et al.
(14) applied microwaving for quick screening of
collections of transformants of the fungus
Coprinopsis cinerea whereas Izumitsu et al. (15)
presented a protocol for rapid DNA isolation from
young mycelium grown on artificial medium and
from fresh fleshy mushrooms of a range of
Agaricomycetes. Here, we test these methods
on fungal cultures and diverse biological
materials taken from nature.

Material and Methods
Fungal materials: C. cinerea strain FA2222 (16)
was cultivated at 37°C on solid YMG/T medium
(17), Heterobasidion irregulare strain TC-32-1
(18) at 25°C on 2% malt extract agar (1% agar)
and some unknown slow-growing basidio-
mycetes (kindly supplied by Prof. F.  Schauer,
Greifswald, Germany) at 25°C on either solid
YMG/T, rich YMPS (3 g/l yeast extract, 3 g/l malt
extract, 5 g/l peptone, 10 g/l sucrose, solidified
by 20 g/l agar) and Ustilago complete medium
(19). Fresh and air-dried fruiting bodies of
Pleurotus species (calyptratus, cystidiosus,
djamor, and sajor-caju) and P. cystidiosus and P.
djamor mycelium grown on millet (Fig. 1A,B) were
kindly supplied by A.A. Shnyreva, straw and birch
and poplar wood chips infested with mycelium
of Coprinellus   species  (micaceus,   radians
and xanthrothrix)  by  J. Barb  (Fig. 1C,D).
Miscellaneous fleshy and firm mushrooms grown

on wood or in meadows (Fig. 1E-G) were
collected from the grounds of the Goettingen
University North Campus and from forests of the
surroundings of Goettingen, Germany. Genera
and, where possible, also species names were
determined using the guide books of Breitenbach
and Kränzlin (20). Purified genomic DNA of C.
cinerea strain AmutBmut (16) was kindly supplied
by Dr. B. Pickel.

Microwaving and PCR: Fungal mycelium, tissue
sections from basidiocarps (where possible
separated in cap and stipe), and infested millet,
straw and wood (Fig. 1) were directly used for
DNA extraction in sterile ddH

2
0 or TE-buffer (10

mM Tris, 1 mM EDTA; pH 8.0). A pinhead sample
of mycelium from fungal cultures (ca 2 x 2 mm2,
corresponding to about 2 mg) was scraped from
the surface of plates thereby taking care to avoid

Fig. 1. Exemplary fungal materials used in this study.
A. Dried cultivated mushroom of Pleurotus sajor-caju.
B. Millet infested with Pleurotus djamor.  C. Wheat
straw and D. poplar wood chips infested with
mycelium of Coprinellus micaceus. E. White-rotting
lilac branch infested with Daedaleopsis sp.2. F.
Fleshy Entoloma sp. mushroom and G. firm Fomes
fomentarius fruiting body collected from the wild. H.
Fresh mycelium of Coprinopsis cinerea FA2222
grown on a YMG/T agar plate. Insets in subfigures
indicate amounts of material collected for microwaving.
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the agar (Fig. 1H). Similar small samples from
basidiocarps (about 5 mg; Fig. 1A,F,G) and from
infested plant materials (Fig. 1B-E) were obtained
by cutting with a flamed razorblade or by picking
with a sterile needle. Individual samples were
transferred into 1.5 ml sterile micro-centrifuge
tubes (E-tubes; Sarstedt AG & Co., Nümbrecht,
Germany) and 100 µl sterile ddH

2
O or TE buffer

were added. In standard reactions, the closed
tubes were microwaved for 1 min at 600 W in a
household microwave oven (MS 197 H 700W,
LG Electronics Deutschland GmbH, Ratingen,
Germany), shortly vortexed, stored for 30 sec at
room temperature (RT) and microwaved again
for 1 min at 600 W. Afterwards, tubes were
transferred for about 10 min to  -20°C and then
centrifuged at 9.300 x g for 5 min at RT. Typically,
1 µl of resulting supernatants was  directly used
in PCR in a reaction mixture of 25 µl containing
PCR buffer (final concentration: 10 mM Tris pH
8.8, 50 mM KCl, 0.1% Triton X-100), 1.5 mM
MgCl

2
, 0.2 mM dNTPs (Fermentas GmbH,

St. Leon-Rot, Germany), 0.4 μM of each primer,
and 1 U of Taq DNA polymerase. The fungal
universal primers ITS1 (5'-TCCGTAGGTG
AACCTGCGG-3') and ITS4 (5' -TCCTCCGCTTA
TTGATATGC-3') were used for amplification of
the ITS1-5.8S-ITS2 ribosomal DNA regions
(21,22). Control reactions contained no DNA
(negative controls) or 1.25 ng of purified genomic
DNA of C. cinerea AmutBmut. PCR conditions
were 2-min initial denaturation at 94°C, followed
by 35 cycles of 30 s at 94°C, 30 s at annealing
temperature of 55°C, and 30 s for primer
extension at 72°C, and a final extension step at
72°C for 10 min. 5 µl per reaction were analyzed
by electrophoresis on 1% agarose gels in TAE
buffer (23). Gels were photographed with a Gel
Doc 2000 Imaging and Documentation System
and band intensities were estimated with Quantity
One 4.2 software (Bio-Rad GmbH, Munich,
Germany). Resulting DNA amounts were
multiplied by 5 to calculate the total DNA amounts
in the respective 25 µl PCR samples.

Sample boiling and PCR: Mycelial and fruiting
body samples of similar size than in the

microwaving approach were transferred into 1.5
ml E-tubes with 100 µl sterile ddH

2
0. E-tubes

were transferred for 1 min into boiling water, then
30 s stored at RT, a second time transferred for
1 min into boiling water and finally for 10 min into
-20°C. After centrifugation at 9.300 x g for 5 min
at RT, 1 µl of respective supernatants  was
applied in PCR reactions as described above.

Results and Discussion
Microwaving fungal mycelium from
laboratory cultures on agar-medium in Petri
dishes: Initially, we used fresh mycelium of fully
grown C. cinerea FA2222 cultures on YMG/T
plates to test the two protocols described in
literature for microwaving basidiomycete samples
(14,15). Main differences were the type of liquid
and its volume (30 µl ddH

2
0 versus 100 µl TE,

pH 8), the time (10 min versus 2x 1 min) and the
applied power (500 W versus 600 W) of
microwaving. First trials following the protocol of
Nakazawa et al. (14) lead to explosive opening
of the E-tube lids with loss of liquid and also
melting of the E-tubes already after about 2 to 5
min of microwaving (Fig. 2). Such effects were
not encountered with the 2x 1 min short time
microwave exposure. Thus, we continued with
the protocol of Izumitsu et al. (15). Alterations
were done to change from TE buffer to ddH

2
0

Fig. 2. 1.5 ml and 0.5 ml E-tubes after microwave
treatment for 5 min at 500 W. Lids were opened,
liquids were lost and tubes were molten.

Microwave based DNA extraction
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with no negative consequences for subsequent
PCR amplifications with primers ITS1 and ITS4
(not shown). Visible PCR bands in agarose-gels
were obtained from up to 100fold dilutions of
DNA-H

2
0 samples from fresh C. cinerea

mycelium (Fig. 3A). Considering 60-90 copies
of the rRNA gene clusters per C. cinerea genome
(24) and a genome size of 36.2 Mb (25) and a
DNA amount of 145 pg after 35 cycles of PCR
amplification of the 599 bp-long ITS region from
a 10fold dilution of the original sample (the dilution
that still gave a reasonably visible band in a not
fully saturated PCR reaction, compare Fig. 3A),
about 47-70 fg genomic DNA (i.e. about 1.2 to
1.8 copies of the complete C. cinerea genome)
should be present in 1 µl of the undiluted solution
after microwaving of mycelium. In the PCRs with
1 µl of the 1:10 dilution of DNA (i.e. about 4.7-7.0
fg DNA), we expect thus originally about 7.7 -
10.6 copies of the ITS region which proofed to
be sufficient for amplification of the fragment with
primers ITS1 and ITS4. Similar amounts of
genomic DNA have already been shown in
previous studies with other lower eukaryotes to
be sufficient for amplification of ITS regions by
PCR (26,27). Furthermore, we even amplified a
fine band in PCRs of 1 µl of the 1:100 DNA dilution
(Fig. 3A) that by the above calculation originally
should only have had 1.1 copies of the ITS region.
Theoretically, this should result in 35 cycles in
2.5 ng DNA in total. However, the DNA amount
of the fine band in Fig. 3A is possibly twice as
that (5 ng) which suggests that our calculation is
probably a 10fold underestimation in actual
original DNA concentration.

The standard method was further used to
extract and compare DNA from fresh and from
4-month old, cold-stored mycelium of C. cinerea
from fully-grown Petri dishes, from fresh small
2-day old C. cinerea colonies (ca. 1 cm in Ø),
from 4-month old, cold-stored mycelium from fully
grown plates of H. irregulare and from 1 to 4 cm
sized colonies of very slow growing unknown
basidiomycetes that were cultivated on different
media (see Material and methods) for 2 weeks
to 2 months at 25°C. In total, 24 different mycelial

samples of C. cinerea, 2 samples of H. irregulare
and 6 samples from three unknown species were
analysed. In all instances (100% of reactions),
the respective ITS regions of the fungi were
successfully amplified with primers ITS1 and
ITS4 after microwaving, indicating that neither
the age of the mycelium nor the size of colonies
or the media used for cultivation of the fungi
hindered DNA isolation and subsequent PCRs
(Fig. 3B). Furthermore, PCR amplifications to
saturation of reaction with other primers of single
copy genes on fragments sized up to 3.5 kb were
also possible without difficulty with 0.5 to 1 µl
solution of the undiluted samples (experiments
not further shown). Also these results suggest
that the DNA concentration in the microwaved
samples is likely somewhat higher than the
amounts calculated above.

Izumitsu et al. (15) in their studies used
always fresh mycelium (4 to 6 days old). These
authors applied the technique to mycelium of the
Agaricales Agaricus bisporus, Lentinula edodes,
Flammulina velutipes, Pleurotus eryngii,
Pleurotus pulmonarius, Hypsizygus marmoreus,
Grifola frondosa, and Mycena chlorophos. Our
analysis expands the range of species to which
the technique was successfully applied to.
Important new findings from our study are that
quite old mycelium and also very small cultures
can be used for microwave-preparation of DNA.
The latter is especially beneficial for species
determination of fungi that are difficult to grow
and of which therefore only relative old mycelium
in minute amounts can be available.

Microwaving mycelium from infested plant
substrates: Basidiomycetes often infest dead or
living recalcitrant plant materials and it is not easy
to obtain fungal DNA in quantity and of quality
from such substrates. Co-extracted ingredients
from the complex organic substrates such as
organic acids or phenolic compounds can have
an inhibiting effect on the PCR reaction (28-31).
Therefore, small samples of infested millet, straw,
wood and bark samples (Fig. 1B-E) were directly
used in DNA extraction by microwaving as

Bastian Dörnte and Ursula Kües
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examples of fungal infected plant materials. ITS
regions were successfully amplified by PCR from
all microwaved samples of the two tested
Pleurotus species (Fig. 3C) cultivated for 3
months at RT on millet (each species was tested
2x) and of the three different Coprinellus species
(Fig. 3D, C. micaceus is exemplarily shown) kept

for 4 months under laboratory conditions in jars
on moisturized straw, on birch and on poplar
wood chips (each two samples per substrate
were tested for C. micaceus and each one
sample per substrate for C. radians and C.
xanthrothrix).

Fig. 3. Analysis of PCR amplifications of fungal ITS regions with primers ITS1 and ITS4 on 1% agarose gels,
using per reaction 1 µl of solution after microwaving fungal materials by the standard method if not otherwise
stated. A. Serial dilution of DNA solution (1 to 10-4 µl) from fresh Coprinopsis cinerea FA2222 mycelium (Cc
myc), a fresh fleshy Agrocybe sp.2 fruiting body (Asp2) and a firm Schizophyllum commune fruiting body
(Sc). B. Samples from a 4-month old C. cinerea culture, fresh mycelium from the outer region of a fully
grown 9 cm Petri dish culture of C. cinerea, a 4-month old Heterobasidion irregulare (Hi) culture, an 1 cm
sized 2-day-old C. cinerea colony, and three different unknown slow-growing basidiomycetes (Uk). C. Samples
from fresh fruiting bodies (Fb) and mycelium (Myc) on millet of Pleurotus djamor (Pd) and Pleurotus cystidiosus
(Pcy) and dried fruiting bodies of Pleurotus calyptratus (Pca) and Pleurotus sajor-caju (Ps). D. Samples
from straw and birch and poplar wood chips infested with Coprinellus micaceus (Cm) and a sample of a firm
Daedaleopsis sp.2 (Dsp2) fruiting body compared with samples of lilac wood and bark infested by the same
fungus. E. Samples from exemplary fleshy mushrooms: Conocybe sp.1 (Csp1), Mycena sp. (Msp) and
Agrocybe sp.1 (Asp1). F. PCR reactions of 1 µl from 1:3, 1:1 and 3:1 ddH2O diluted samples of pure genomic
DNA of C. cinerea (Cc) AmutBmut (which corresponds to 0.3 , 0.6 and 0.9 ng, respectively) and of mere
solution (0.75, 0.5 and 0.25 µl, respectively) of microwaved Amanita strobiliformis cap tissue (As) in
comparison with 1:3, 1:1 and 3:1 mixtures of both. G. Samples of exemplary tough mushrooms: Trametes
sp.1 (Tsp1), Trametes versicolor (Tv), Trametes hirsuta (Th), S. commune (Sc) and Fomes fomentarius (Ff).
Lanes marked M = 200 ng Lambda DNA/HindIII marker, + = positive PCR control performed with 1.25 ng
purified genomic AmutBmut DNA, - = negative control. Positive and negative controls were done in all series
of PCR amplifications although the controls are shown here only in some cases.

Microwave based DNA extraction
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The samples from the laboratory were from
pure cultures of single organisms and
characterized by presence of surface mycelium,
factors which both could ease the release of
enough fungal DNA into solution. Therefore, we
also tried unsterile bark and white-rotted wood
from infested dying branches of Ribes
sanguineum (red-flowering currant) and Syringae
tigerstedtii (lilac) bushes (each two samples per
type of substrate and plant species). Only one
bark and one wood sample of the lilac functioned
subsequently in PCR (Fig. 3D). Samples of
decaying deadwood of beech were also
unsuccessfully applied in microwaving and PCR.
In total, only 1/6 wood samples and 1/4 bark
samples from wild collections resulted in PCR
bands. Positive samples had strong fresh
mycelium on the surface. Samples with some
dried mycelium on the surface and samples with
no surface mycelium were ineffective. The results
indicate that the microwave technique has only
limited application for wood samples. However,
this differs not from other techniques applied in
fungal DNA isolation from wooden substrate for
PCR amplifications (30,31).

Microwaving tissues from fleshy fruiting
bodies: DNA was extracted by the standard
microwaving method from cap samples of fresh
P. cystidiosus and P. djamor fruiting bodies
cultivated in the lab and from cap and stipe
samples from fresh fleshy fruiting bodies from
seven different species (Amanita strobiliformis,
Agrocybe sp.1, Agrocybe sp.2, Conocybe sp.1,
Conocybe sp.2, Entoloma sp., Mycena sp.,
Psathyrella sp.) taken from nature. From all
species except A. strobiliformis (Fig. 3F), it was
possible with primers ITS1 and ITS4 to amplify
in PCR the respective ITS-regions after
microwaving (see examples in Fig. 3A,E).
Izumitsu et al. (15) reported in their studies that
success with wild mushrooms was greater with
stipe than with gill tissue [95.3% (41/43 tested
cases) versus 73.5% (25/34 of tested cases)
positive reactions]. Instead of gills, we used
always inner pileus tissue from the caps but
success rates were similar to those obtained by

Izumitsu et al. (15) with gills. Apart from A.
strobiliformis, 76.9% (10/13) of all cap samples
and 90.9% (10/11) of all stipe samples from wild
mushrooms gave positive results in PCR.
Furthermore, ITS bands were obtained in PCR
from all Pleurotus cap samples (2 per species)
(Fig. 3C). In conclusion from this series of
experiments, we can confirm the earlier
observation of Izumitsu et al. (15) that the
microwave technique can easily be applied to
most fresh fleshy mushrooms. Izumitsu et al. (15)
successfully isolated DNA from fleshy
mushrooms of cultivated species (A. bisporus,
L. edodes, F. velutipes, P. eryngii, G. frondosa,
H. marmoreus) and of species collected from the
wild [Agrocybe chaxingu, 9 different Amanita
species (flavipes, farinosa, fritillaria, fuliginea,
oberwinklerana, imazekii, sychnopyramis f.
subannulata, vaginata, sp.), Boletus
rubropunctus, Cantharellus cibarius,
Hymenopellis raphanipes, 2 different Inocybe
species (sphaerospora, sp.), 4 different Russula
species (crustosa, mariae, subnigricans, cf.
subnigricans), Tricholoma bakamatsutake].
Together with our study, this gives in total 35
different species from 18 different genera and
17 different families of which DNA of sufficient
amount and quality for PCR amplifications of ITS
regions was obtained from microwaving fresh
fruiting body tissues.

Following the standard protocol, we
unsuccessfully tested in total 3 cap samples and
2 stipe samples from fresh mushrooms of A.
strobiliformis collected at two different occasions
from underneath a birch tree. Also PCR with 10
fold sample dilutions did not lead to amplification
of the ITS region and neither PCRs with 5 µl and
with 10 µl of undiluted solution per sample. The
ITS4 primer (combined with a primer ITS1F) has
previously been shown to work on isolated DNA
of this species (32) and the ITS1 primer in
combination with ITS4 on several closely related
Amanita species (33) and both primers work
perfectly with multiple species over the broad
range of Agaricomycetes and also other fungi
(21,22,31-34, this study). It is therefore not likely
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that the failure in PCR with A. strobiliformis
samples based simply on unsuitability of the two
primers. As another possibility, some type of
metabolic product(s) of the fungus could hinder
the PCR reactions. Therefore, a set of PCR
reactions was done in which aliquots from
microwaved A. strobiliformis cap tissues (0.75 to
0.25 µl) and purified genomic C. cinerea
AmutBmut DNA (0.3 ng to 0.9 ng) were mixed,
parallel to PCRs with only respective aliquots of
A. strobiliformis material and PCRs with
respective amounts of pure C. cinerea DNA. All
PCR reactions with C. cinerea DNA gave strong
bands of identical size (corresponding to the C.
cinerea ITS region) in agarose gels unlike the
PCRs with only aliquots from microwaving
A. strobiliformis tissues (Fig. 3F), implying that
the cause of failure in PCR is not an inhibitor
within the samples. As another reason, it might
just be that microwaving did not freely release
the A. strobiliformis DNA from the hyphal cells
into solution or that released DNA was quickly
degraded (see discussion below).

Fleshy mushrooms tend to have only a very
short life time due to fast onset of decay, even
when stored at colder temperature. Not
surprisingly therefore, we were not anymore able
to obtain DNA functional in PCR from
disintegrating mushrooms such as Conocybe sp.
when stored for one week in the fridge (not further
shown). However, experiments with pileus
tissues from air-dried mushrooms from P. sajor-
caju and P. calyptratus (stored for 4 weeks at
RT) showed that it is also possible to employ
freshly harvested and directly dried mushrooms
for later use in DNA preparations for PCR (Fig.
3C).

Microwaving tissues from fruiting bodies of
tough structure: New in this study, DNA was
extracted by the microwave-based method also
from cap tissues of collections of firm durable
bracket fungi that are characterized by a tougher
and fairly dry consistency. With increasing degree
of toughness, we divided mushrooms collected
in nature from wood logs and infested branches
into fruiting bodies with leathery structure

(Daedaleopsis sp.1, Schizophyllum commune,
Trametes versicolor, Trametes sp.1), corky
texture (Trametes hirsuta, Trametes sp.2) and
woody appearance (Daedaleopsis sp.2 grown on
the S. tigerstedtii branch analysed above,
Ganoderma sp., Fomes fomentarius).
Microwaving for DNA isolation was done when
the fruiting bodies were freshly collected as well
as after storage for two and a half months at 5°C,
resulting in 2 to 4 reactions per species. PCR
reactions were successful for 23 of the 25
samples analysed in total (92%) and from every
species at least one of two samples were positive
regardless of their degree of rigidity (see positive
results of five exemplary species in Fig. 3G).
Notably, the size of the amplified ITS fragment
of the Daedaleopsis sp.2 fruiting body was
identical to those obtained from the bark and the
branch of S. tigerstedtii on which the fruiting body
grew on (Fig. 3D).

Taken the same parameters as used above
for the calculation of the C. cinerea DNA
concentrations,  DNA amounts obtained from
bracket fungi were comparable to amounts from
fleshy mushrooms (ca. 8 fg/µl) but about 10fold
lower than DNA amounts obtained from fresh
mycelia (Fig. 3A). The experiments also revealed
that tough, fairly dry bracket fungi can be
accessible for DNA extraction by microwaving
even after longer storage. However, we also
tested tissues of two different decomposing
Trametes fruiting bodies of rubbery-crumby
consistency (collected from rotting wood) but the
decay of the specimens was apparently too
advanced to still result in quality DNA isolation.

Further analysis of the method: Microwaving
can affect the biological material in two ways, by
its electromagnetic field (“non-thermal-effect”)
and by the heat it produces (35-41). Heat can
also be applied to cells just by boiling.
Accordingly, some rapid DNA extraction
procedures for PCR applications appoint
(repetitive) quick heating (e.g. to 95-100°C
between 1 and 30 min) and rapid cooling (8,9).
Here, we also tested the effect of boiling on DNA-
release from C. cinerea mycelium and from a

Microwave based DNA extraction



832Current Trends in Biotechnology and Pharmacy
Vol. 7 (4) 825-836 October 2013, ISSN 0973-8916 (Print), 2230-7303 (Online)

selection of mushrooms of different textures. In
subsequent PCRs, no major difference was
observed between DNA obtained from a material
by the microwaving procedure and by the boiling
procedure described in detail in the methods
section (Fig. 4). In conclusion, heat must be a
main factor for the release of DNA from the cells
and both methods might be used.

melting temperature (40) and may result in single-
and double-strand breaks such as under
influence of certain metal ions (41). We tested
different irradiation schemes on fresh C. cinerea
mycelium and on tissue samples of fresh fleshy,
corky and woody mushrooms. Time of irradiation
mattered for good yields in PCR amplification in
case of the mushrooms but less in case of the
generally more effective vegetative mycelium
(Fig. 5). Shorter 1-min irradiation was better for
mushroom tissues than in total 2-min irradiation,
regardless of whether done as in the standard
protocol in two 1-min steps or whether done
consecutively. Since there was a decrease up to
failure in DNA amplification by PCR upon longer
microwaving (Fig. 5), it must be assumed that
(parts of) released DNA will be degraded through
microwaving in the liquid. Izumitsu et al. (15)
stated that the 10-min -20°C freezing step in the
protocol was optional. In our reactions,
application of a freezing step appeared
sometimes sub-optimal compared to non-
freezing (Fig. 5). Since the quality assay in our
study for DNA release is a PCR reaction that does
not depend on double-stranded DNA, it is not as
likely that due to quick freezing a problem was
generated by lack of reformation of DNA double-
strands. More likely appears that slower cooling
down to RT will allow longer permeability of the
membranes made porous by the rotational
energy transferred onto dipole molecules within
the membranes through the microwaves (38)
and, in consequence, more leakage of DNA from
the cells. Such longer DNA release may then
compensate former decline by microwave-
induced DNA degradation. If such different effects
function at the same time, the results will be more
visible in samples from mushrooms releasing
less easily higher amounts of DNA than in
samples from vegetative mycelium being more
effective in the DNA release. In conclusion, while
the standard protocol of microwaving as given in
the methods might be applied for vegetative
mycelium as it is, for mushroom samples a single
1-min treatment with cooling down to RT appears
to be the better choice for future studies.

Fig. 4. Comparison of PCR amplifications of fungal
ITS regions with primers ITS1 and ITS4 on 1%
agarose gels, using per reaction 1 µl of solution after
microwaving and after boiling of samples from fresh
Coprinopsis cinerea mycelium (Cc myc), a fresh
fleshy Psathyrella sp. mushroom (Psp), and firm
fruiting bodies of Fomes fomentarius (Ff) and
Schizophyllum commune (Sc). Lanes marked M =
200 ng Lambda DNA/HindIII marker, + = positive PCR
control performed with 1.25 ng purified genomic
AmutBmut DNA, - = negative control.

Comparing the two principles, the general
handling of microwaving is easier and much
faster since no bath of boiling water has to be
prepared and there is no danger of burning
oneself with the hot water when moving samples
in or out. Importantly, Stroop and Schaefer (35)
pointed out that microwaves are less aggressive
in breaking down DNA and preserve the DNA
chain lengths better than heat treatment at the
boiling point of water. In cells, electromagnetic
fields produced by microwaves are understood
in non-thermal manner to affect the cell
membrane integrity and to cause pore formation.
This eventually leads to cellular leakage of
proteins, electrolytes and DNA (36-39).
Microwaves in dose-dependent manner also
cause opening of DNA double-strands below their
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Conclusions
In this study, we successfully tested the

rapid and cheap microwaving-protocol recently
published by Izumitsu et al. (15) for DNA
extraction from vegetative mycelium and fleshy
mushrooms of Agaricomycetes for subsequent
applications in PCR amplifications. As Izumitsu
et al. (15), we observed highest success rates

with this method. 100% of all mycelial samples
and 76.9 to 90.9% of samples from fresh fleshy
mushrooms gave positive results in subsequent
PCR amplifications. In addition to verifying the
observations of the former publication, we show
here that the technique can also be applied to
very old mycelium of well growing species, to
poorly growing mycelium, and to mycelium
growing on diverse plant materials. Low success
rates in subsequent PCR amplifications were only
encountered with infested wood and bark
collected from nature but such material presents
a general resisting problem in fungal DNA
isolation (30,31). In this study, the method was
furthermore effectively applied to dried
mushrooms and to fruiting bodies of tough and
dryer structures. In total, 92% of samples of firm
bracket fungi performed positively in PCR
amplifications.

In summary, the standard protocol is
suitable for extraction of fungal DNA for PCR
amplifications of non-cultivable species, slow and
poorly growing species, old cultures, and of fresh
and dried fleshy and tough fruiting bodies.
However, the results show that shorter times of
microwaving (1x1 min) should be applied for
mushrooms and that the 10-min freezing at -20°C
is better omitted in favour of slowly cooling down
to RT. Overall, the method of DNA extraction by
microwaving is rapid and easily performed within
minutes, and needs only tiny amounts of fungal
material and no expensive and hazardous
chemicals. Negative effects by release of
inhibitors of PCR amplifications were not
observed. Furthermore, the ease of handling with
minimal labour and time input enables
simultaneous treatment of large numbers of
samples.
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(Sc), loaded in the same order of irradiation schemes.
Applied irradiation schemes: 1 min irradiation (1’); 1
min irradiation with subsequent 10-min freezing at -
20°C (1’/ -20°C); 1 min irradiation followed by 30 sec
at RT and another 1 min irradiation (1’/ RT/ 1’); 1 min
irradiation followed by 30 sec at RT, 1 min irradiation
and subsequent 10-min freezing at  -20°C (1’/ RT/ 1’/
-20°C); 2 min of continued irradiation without (2’) and
with freezing (2’/-20°C). Lanes marked M = 200 ng
Lambda DNA/HindIII marker, + = positive PCR control
performed with 1.25 ng purified genomic AmutBmut
DNA. Negative control not shown.
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PAL enzyme activity

Abstract
PAL catalyzes the first step in the

biosynthesis of phenylpropanoids, which are
further modified into a wide variety of phenolic
compounds. In the current study, we estimated
the change in PAL enzyme activity and total
phenol content in six cultivars of fenugreek (ML1-
ML6) seeds and vegetative green leafy parts of
their respective plants taken at early, mid and
late stages of growth. The results obtained were
correlated with their respective hypoglycemic
activities. Our study demonstrated that, at the
mid stage of growth all the cultivars showed
maximum PAL activity with simultaneous
increase in phenol production and hypoglycemic
activities. The results of this study taken together
suggest that all the fenugreek cultivars possess
good hypoglycemic activity that is directly related
to increase in total phenol content and PAL
activity. Among six selected cultivars, ML-2
cultivar  in addition to possess maximum
hypoglycemic activity in terms of inhibiting α-
amylase (72.53 % ) and   α-glucosidase (52 %)
activities also showed maximum PAL enzyme
activity (0.01008 μM cinnamic acid/mg protein /
min)  as well as total phenol production (560 mg/
100g fresh weight) at mid stage of growth. A
highly significant correlation was found between
PAL activity and total phenols (r=0.759) which

were significantly correlated with α-amylase
inhibitory activity (r=0.439, r=’0.690 respectively)
as well as with α glucosidase inhibitory activity
(r=0.507, r=0.552 respectively). It was observed
that extracts from such cultivars especially that
of ML2 cultivar taken at mid stage of growth when
incorporated into diet could act as a potential
chemopreventive functional food for better
management of hyperglycemia.

Keywords:  Fenugreek,   Phenylalanine
Ammonium  Lyase,  Phenols,  α-amylase, α-
glucosidase, hypoglycemic activity.

Introduction
Diabetes is a major health problem

predisposing to markedly increased
complications. The frequency of this disorder is
on the rise globally, and is likely to hit 300 million
by 2025, with India projected to have the largest
number of diabetic cases (1). The modern
medicines available for management of diabetes
exert serious side effects such as hepatotoxicity,
abdominal pain, flatulence, diarrhea, and acute
hypoglycemia including drug resistance (2). For
this reason, a less expensive phytomedicine
capable of treating the disease at early stages
will be of great help to the diabetic patients,
especially due to the extended belief that natural
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treatments with fewer side effects cause less
harm to the organism (3). Therefore, apart from
currently available therapeutic options, many
herbal medicines have been designed for
treatment of diabetes. However, the World Health
Organization expert committee on diabetes has
recommended that such methods of treatment
should be further investigated in order to make
them realistic possibilities for proper
management of diabetes (4).

In plants, the phenolic metabolism is
governed by an important key enzyme of
phenylpropnoid metabolic pathway called
Phenylalanine Ammonium Lyase (PAL). It
catalysis the deamination, of L-Phenylalanine to
produce the trans–cinnamic acid that is primary
intermediary in the biosynthesis of phenolics (5).
Recent studies have shown that PAL activity is
directly correlated with the production of phenolic
compounds and its high activity has been
reported to be associated with the accumulation
of anthocyanins and other phenolic compounds
in fruit tissues of several species (6). Thus,
catalytic step by PAL enzyme in plants is
considered to be the first commited step for the
biosynthesis of the phenylpropanoid skelton that
can be used for the synthesis of phenolics,
flavonoids, phenylpropane and lignins (7) and
such secondary metabolites especially phenolic
constituents have been reported to be involved
in retardation of α amylase as well as in α
glucosidase enzyme activities (8). These two
enzymes are involved in starch breakdown and
intestinal glucose absorption respectively.
Unfortunately, plants with such compounds have
not yet gained much importance due to the lack
of sustained scientific evidence, even knowing
that currently available inhibitors in clinical use
have their limitations, are non-specific, produce
serious side effects and even elevate diabetic
complications. Fenugreek (Trigonella foenum
graecum) plant indigenous to the Mediterrian
region, Ukraine, India and China has received a
great deal of attention in medical research for its
antidiabetic activity against both type I and type
II diabetes (2). In addition to alkaloids and

steroids, the antidiabetic activity of fenugreek has
mainly been attributed to its phenolic compounds
which are also involved in plant defense against
various toxic insults including oxidative stress,
abiotic and biotic stresses (9).

Therefore, in the current study an attempt
has been made to contribute to this field of
research by investigating extracts from six
cultivars of fenugreek seeds as well as their
respective green leafy parts at different stages
of growth for their respective  PAL activities as
well as total phenolic compounds.
Simultaneously, α-amylase and α-glycosidase
inhibiting activities of each extract was
determined and correlated with PLA and total
phenols for development of functional food
against diabetes.

Materials and Methods
Chemicals: All the chemicals and reagents used
in this current study were of analytical reagent
grade. α-glucosidase  and  4-nitrophenyl α-D-
glucopyranoside were obtained from Sigma
Aldrich (India)  while cinnamic acid, catechol,
phenylalanine and dinitrosalicylic acid (DNSA)
from SRL Pvt. Ltd. (Mumbai, India). Starch,
sodium carbonate ethanol, sodium phosphate
monobasic (Na

2
HPO

4
), sodium phosphate

(NaH
2
PO

4
) dibasic, sodium potassium tartrate,

and sodium hydroxide (NaOH), were purchased
from Qualigens, (Mumbai, India). Porcine
pancreatic α-amylase and sodium chloride
(NaCl) were obtained from Hi Media Laboratories
(Mumbai, India).

Plant Material. : For the current investigation,
100% pure  and promising seeds  belonging to
six different  cultivars of fenugreek were collected
from the local  market  as  well  as  from  the
Division of  Vegetable  Sciences,  Sher-e-Kashmir
University of Agricultural Sciences and
Technology, Shalimar, Kashmir, India. The seeds
collected from SKUAST-K were ML1 (Methi
Shalimar), ML2 (6AGR), ML3 (Shalimar
improved), ML4 (SAW) and ML5 (Methi local).
Whereas ML6 ( Kasuri methi) was  collected from
local market. All the seeds were identified by
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subject expert from the Division of Vegetable
Sciences, SKUAST-K, Shalimar. These selected
seeds  were grown under controlled atmospheric
conditions for further studies and the vegetative
green leafy samples from each cultivar collected
at an early (40 days after sowing), mid (62 days
after sowing) and late stage (105 days after
sowing) of growth. The collected samples were
subjected for further analysis and the
measurements were conducted in triplicates for
each sample.

PAL extraction and assay: Approximately, 500
mg of seed as well as leafy samples collected
randomly from five plants each was homogenized
in 15 ml of 5 Mm Tris-HCl buffer (pH 8.5)
containing 1.4 mM β- mercaptoethanol and the
resulting slurry was filtered through two layers of
cheese cloth. The filtrate was centrifuged at
12000 g for 15 minutes at 4oC and stored on ice.
The resulting supernatant was directly used in
the estimation of total protein as well as for PAL
enzyme assay as crude extract. The protein
content was measured by Bradford method (10).
The PAL activity in these extracts was measured
by the method developed by Khan et al  (11).
0.1 ml of enzyme extract was combined with 1
ml of 50 mM Tris HCl , 0.5 ml of 20 mM L-
phenylalanine and 0.4 ml of double distilled water
and the resulting reaction mixture was incubated
for 60 minutes at 30oC. The reaction was stopped
by the addition of 250 μl of 2 N HCl and the
cinnamic acid formed in reaction mixture was
extracted in 2 ml of toluene. In one ml of
separated toluene layer, a pinch of anhydrous
sodium sulphate was added and absorbance was
measured at 290 nm. The standard curve was
established using cinnamic acid as standard. The
specific activity of the enzyme was expressed
as μ moles of cinnamic acid produced /min/mg
protein.

Total Phenol assay: Total phenolic content in
fenugreek samples was determined according
to method reported by Malick et al (12).
Approximately, 500mg of each sample was
homogenized in ten time volume of 80% ethanol
and centrifuged at 11900 g. Supernatant was

collected and the residue was again re-extracted
with five times the volume of 80% ethanol. The
pooled supernatants were evaporated to dryness
and finally reconstituted with a known volume of
double distilled water.  To determine phenol
content, 500μl of the reconstituted extract was
combined with 2.5ml of double distilled water and
0.5ml of Folin cioucalteau reagent. After 3
minutes of incubation period, 20% sodium
carbonate was added to each sample, vortexed
and boiled in a water bath for exactly one min.
The absorbance was measured at 650nm
against reagent blank. A standard curve was
established using catechol as standard.
Absorbance values were converted to milligram
of phenolics per 100g of fresh tissue. For each
cultivar three replicates were analyzed

ααααα-Amylase Inhibition Assay: The α-amylase
inhibition activity of fenugreek extracts was
measured by following the method reported by
Catherine Nkirote et al (13). 100 μL of 1% starch
solution in 0.02 M sodium phosphate buffer (pH
6.9) was added to mixture of 100 μL of ethanolic
extract and 100 μL of 0.02 M sodium phosphate
buffer (pH 6.9) containing α-amylase solution (1
unit liberates 1.9 μL of maltose from starch in 1
min at pH 6.9 and temperature 25oC), and was
incubated at 25oC for 30 minutes. After the
incubation, the reaction was stopped with 1 mL
of DNSA reagent. The test tubes were then
incubated in a boiling water bath for 5 min and
cooled to room temperature. The reaction mixture
was then diluted to 10-fold with distilled water
and the absorbance was measured at 540 nm.
The readings were compared with the control,
which contained buffer instead of sample extract.
Based on the absorbance value, the percent
inhibition activity was calculated for all the
samples (8).

Absorbance was calculated by using following
formula:

The % α-amylase inhibitory activity = (Ac+) - (Ac)
- (As-Ab) / (Ac+) - (Ac-) × 100

“Ac+” and “Ac-” are defined as the absorbance of
100% enzyme activity (reaction mixture with

PAL enzyme activity
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enzyme but without test sample extract), and 0%
enzyme activity (reaction mixture without enzyme
as well as test sample) respectively.  Where “As”
represent “AC+” including sample extract and
“Ab” represent “Ac-” excluding sample extract)
respectively.

ααααα-Glucosidase Inhibition Assay: The α-
glucosidase inhibition activity was determined
according to the method described by
Worthington (14). A total of 100 μL of ethanolic
extract and 200 μL of 0.1 M phosphate buffer
(pH 6.9)  containing  α-glucosidase  solution (1
unit/mL) were taken in tubes and incubated at
25oC for 5 min. After the pre-incubation, 100 μL
of 5 mM p-nitrophenyl-α-D-glucopyranoside
solution in 0.1 M phosphate buffer (pH 6.9) was
added to each tube and the reaction mixture was
incubated at 25oC for 5 minutes After the
incubation period, the reaction was stopped by
addition of 0 .1M Na

2
CO

3
 and the aliquots were

diluted to 10-fold with distilled water, and the
absorbance readings recorded at 405 nm and
compared to a control that had 100 μL of buffer
solution in place of the extract. The results were
calculated and expressed as percentage of α-
glucosidase inhibition.

Absorbance was calculated by using
following formula (8):

The % α-glucosidase inhibitory activity =
(Ac+) - (Ac-) - (As-Ab) / (Ac+) - (Ac-) × 100

Ac+, and Ac- are defined as the absorbance
of 100% enzyme activity (reaction mixture with
enzyme but without test sample extract), and 0%
enzyme activity (reaction mixture without enzyme
as well as test sample) respectively. Whereas
“As” represent “AC+” including sample extract and
Ab represent “Ac-” excluding sample extract
respectively.

Statistical Analysis :  Statistical analysis of data
was performed by using one way analysis of
variance (ANOVA) and correlation tests. The data
was analyzed by using comprehensive statistical
package SPSS (Version 20) for windows.

Results and Discussion
Plants synthesize a vast range of secondary

metabolites including phenolic and flavonoid
antioxidants that are currently being aggressively
exploited to develop preventive and treatment
measures for common oxidative stress linked
degenerative diseases such as diabetes,
cardiovascular disease, certain cancers and even
aging (15). Among plants, fenugreek has been
viewed as miraculous herb due to its
unprecedented health promoting activities. In the
current study, six different cultivars of fenugreek
possessing varied phenotypic and genotypic
characteristics were analyzed for their phenol
production and their correlation to PAL enzyme
activity. As during growth, there exists change in
different type of secondary metabolites including
total phenols, therefore in order to determine
which stage of growth had the highest level of
phenolics and PAL activity, six cultivars of
fenugreek (ML1-ML6) were analyzed and
compared with each other. A high variation in
terms of phenolic content (95-560 mg / 100g fw)
was observed in the selected fenugreek seed
cultivars as well as their respective green leafy
parts  collected  at  different  stages  of  growth
(Fig. 1B-4B). Such significant differences among
the different cultivars have been reported to be
likely due to genotopic and environmental
differences (namely, climate, location,
temperature, fertility, diseases and pest
exposure) within species, choice of parts tested,
time of taking samples and determination
methods (16). Further, a steady increase in
phenols was observed while moving from seed
stage to mid stage of growth. However, towards
late stage of growth there was a gradual decrease
in total phenol content attributed to decreased
metabolic activities during this phase. In
production of phenolic compounds, Phenyl-
alanine Ammonium Lyase (PAL) enzyme plays a
very crucial role. It catalyses the first step in the
biosynthesis of phenylpropanoids, that are further
modified into a wide variety of phenolic secondary
metabolites. Therefore, for various scientific
interventions including metabolic engineering and
hyperexpression of phenols and their derivatives,

Imtiyaz Murtaza  et al
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this enzyme has recently gained much interest.
In the current study, we also evaluated the
changes in PAL enzyme activity in all the six
cultivars of fenugreek (ML1-ML6 series) at
different stages of growth. PAL activity was found
to  follow the same trend as found in case of
phenols and was found to lie in between 0.00017-
0.01008 μM cinnamic acid/min/mg protein (Fig.
1A-4A). There was gradual increase in PAL
activity from seed stage till mid stage that was
followed by slight decrease while moving towards
late stage of growth. Among all the six selected
cultivars, ML2 possessed the highest PAL activity
(0.01008 μM cinnamic acid/min/mg protein)
whereas ML4 the lowest i.e 0.00290 μM cinnamic
acid/min/mg protein at mid stage of growth.

Overall, in this study it was found that at
mid stage of growth phase all the cultivars
possessed maximum PAL activity as well as
maximum phenol production (Fig. 1-4). These
results corroborated well with the previous reports
indicating that PAL enzyme plays a key role in
synthesis of phenolics in plant system (5). Thus,
among these selected cultivars, ML-2 showed
the maximum PAL enzyme activity as well as total
phenol content (560mg/ 100g fw) at mid stage of
growth (Fig. 3A). Phenolic compounds are
currently been viewed as strong antioxidants
therefore, current study clearly suggests that at
mid stage of growth, ML2 cultivar of fenugreek
can act as a potent antioxidant rich food.

A   Fenugreek Cultivars

Fig. 1. (A) PAL activity of different cultivars of fenugreek
seeds. (B) Total phenol content, α amylase inhibition
and α glucosidase inhibition shown by different
cultivars of fenugreek seed extracts.

B  Fenugreek Cultivars

A   Fenugreek Cultivars

Fig.  2. (A) PAL activity of different cultivars of
fenugreek at early stage of growth. (B) Total phenol
content, α amylase inhibition and α glucosidase
inhibition shown by different cultivars of fenugreek
extracts at early stage of growth.

B  Fenugreek Cultivars

PAL enzyme activity
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In previous studies, it has been reported
that production of PAL can get increased due to
number of reasons including sprouting, physical
wounding as well as by modern biotechnological
interventions resulting in many fold increase in
total phenol content or their precursors (17).
Since, in our investigation, all the cultivars were
grown under same environmental conditions as
well as by all means followed same procedural
evaluations. Therefore, the variation observed in
PAL activity and total phenol content among
different  cultivars  can be  mostly  attributed to
genetic differences and not to environmental
influences.  It has been reported that high
concentration of phenolics can cause astringent
undesirable effects and thus make that food
unacceptable for consumption (18). Therefore,
our current study moves in different direction and
in addition to evaluate PAL and Phenol content
the potential functionality of these samples in
terms of hypoglycemic property of phenol  was
evaluated.

The study was carried out by targeting two
Key enzymes viz pancreatic alpha-amylase and
intestinal alpha-glucosidase, involved in the
enzymatic breakdown of starch and absorption
of complex carbohydrates respectively.  The
inhibition of their activities has been viewed as
potential avenues for modulation of type 2
diabetes-associated post-prandial hyperglycemia
(19).

 As per previous reports, it has been shown
that individual phenolic compounds present in
plants possess hypoglycemic activity and can
thus act as therapeutic agents. Recently, it has
been cited that the presence of certain  bioactive
compounds of  phenolic nature like quercetin,
pose to be α-amylase and α-glucosidase
inhibitors, and thus play an important role in
treatment of managing hyperglycemia and
related complications with minimum side effects
as compared to currently available therapeutic
regimes (8, 20-23). However, instead of using
such compounds individually, it is suggested that
they perform much better in combination due to
synergestic effects and varied bioavalibilities. In

our study,  ethanolic extracts of fenugreek
demonstrated very effective α -amylase inhibitory
activity that varied in between 26.72% to 72.53%
at different stages of growth (Fig. 1- 4). As the
main issue to attempt to manage diabetes at first
step in hyperglycemic patients is to target this
potent enzyme found in saliva as well as
pancreatic juice (20). Therefore, our study
demonstrates very encouraging results by
inhibiting α-amylase activity especially by
fenugreek extracts prepared from leaves
collected at mid stage of growth and thus indicate
to play a great role in controlling fluctuating blood
glucose levels.  As discussed above, the
inhibitory activities of this enzyme are often linked
to certain phenolic compounds present in plant
foods. Therefore, the inhibition of this enzyme
could vary by being high or low depending on
the presence of phenolic phytochemicals present
in specific food that modulate its activity (24,25).
Extracts from ML2 cultivar possessing maximum
phenol content and high PAL activity at mid stage
of growth demonstrates highest inhibition activity
(72.5 %)  against this potent chemotherapeutic
target enzyme (Fig. 3B) followed by other
cultivers. These food based phenolic compounds
have been reported to bind to the reactive sites
of enzymes and alter their catalytic activity (2).
Therefore, the maximum inhibition of α-amylase
by extracts possessing high phenolic content may
also occur through the direct blockage of the
active centre at several subsites of the enzyme
(26).

 In diabetes, in addition to target α amylase
it is a well-established fact that therapeutic
approach to decrease postprandial hypergly-
cemia in this disease is by slowing the absorption
of glucose, by inhibition of α-glucosidase enzyme
in digestive system (27). Thus, it is important that
dietary α-glucosidase inhibitors are present in
sufficient quantity, to prevent the absorption of
glucose in small intestine (28). In the current
study, ethanolic extracts of fenugreek under in
vitro  conditions  also  demonstrated  α-
glucosidase inhibitory activity that varied between
20.08% to  52 %% (Fig. 3B). Interestingly, among

Imtiyaz Murtaza  et al
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A    Fenugreek Cultivars

Fig. 3. (A) PAL activity of different cultivars of fenugreek
at mid stage of growth. (B) Total phenol content, α−
amylase inhibition and α−glucosidase inhibition  shown
by different cultivars of fenugreek extracts at mid stage
of growth.

B   Fenugreek Cultivars

A    Fenugreek Cultivars

Fig. 4. (A) PAL activity of different cultivars of fenugreek
at late stage of growth. (B) Total phenol content, α−
amylase inhibition and α−glucosidase inhibition shown
by different cultivars of fenugreek extracts at late stage
of growth.

B    Fenugreek Cultivars

Table 1.  Correlation matrix of variables

Variables PAL Total Phenols   ααααα-amylase ααααα-glucosidase
  inhibition inhibition

PAL  activity 1
Total Phenols 0.759**                  1
α-amylase inhibition 0.439*                   0.690*                  1
α-glucosidase inhibition 0.507*                   0.552*              0.656*                    1

** Highly significant
* Significant

PAL enzyme activity
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the six different cultivars, ML2 possessing
highest α-amylase activity also showed the
maximum inhibitory α-glucosidase  inhibitory
activity  (52 %) among the selected cultivars  at
mid stage of growth. Thus, extract from ML2  can
act as a potent health food to regulate
carbohydrate metabolism and manage
hyperglycemia. Interestingly, a direct correlation
between increase in phenolic content and
inhibition of α-amylase and α-glucosidase was
observed. It has been reported that such type of
food grade materials offer cost effective and
locally based strategies to control postprandial
hyperglycemia with minimum side effects (23).

The statistical analysis data (Table 1)
indicates that there exists highly significant
correlation between increase in PAL activity and
total phenols (r=0.759) that were in turn
significantly related to α-amylase inhibitory
activity (r=0.439, r=’0.690 respectively) as well
as with α -glucosidase inhibitory activity (r=0.507,
r=0.552 respectively). Overall mean along with
standard deviation for PAL activity, total phenols,
α amylase inhibitory activity and α -glucosidase
inhibitory activity was recorded as 0.00312 ±
0.00272, 328.2 ± 147.07, 47.03 ± 12.301 and
33.73 ± 7.75 respectively. Using ANOVA it was
found that ML2 cultivar with respect to phenols,
α -amylase inhibitory activity and α -glucosidase
inhibitory activity shows highest and significant
results of 382.25, 62.50 and 40.006 respectively
and among stages, mid stage shows significant
results for the above variables with 476.67,
56.313 and 39.625 respectively. Through this
study, we were able to provide the strong rationale
for determining the best cultivar and best stage
of growth in fenugreek to be used as potential
therapeutic chemopreventive food against
diabetes. Further such type of study paves way
to identify promising genotypes for breeding and
industrial use.

Conclusion
In this study, we observed that

hypoglycemic activity varies in fenugreek at each
stage of growth that is directly related to
corresponding change in phenol production as

well as in PAL activity. Therefore, through this
novel approach, we identified in this important
crop that stage of growth which possesses
maximum PAL activity as well as total phenol
content and that in turn lowers the glycemic index
and controls the post-prandial hyperglycemia by
targeting α -amylase and α-glucosidase enzymes
involved in carbohydrate metabolism. Thus, it is
suggested that extracts of such fenugreek
cultivars, especially from ML2 cultivar taken at
mid stage of growth when incorporated into diet
could act as a potential chemopreventive food
for better management of hyperglycemia related
to diabetes. However, despite such encouraging
results,  it is suggested  that  more research in
this direction is required for developing  such food
based effective and valuable  functional food and
herbal formulations for  anti-diabetic therapy.
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Abstract
Legionaries Disease is one of the top 10

bacterial infections in the world occurring to
humans. The bacterial infection of Legionaries
Disease, survive in wet environments. The
infection will cause symptoms similar to the flu,
but if not taken care of early, can cause renal
disease. The macrophage infectivity potentiator
(MIP) protein is a major virulence factor of
Legionella pneumophila, the causative agent of
Legionnaires’ disease. MIP belongs to the
FK506-binding proteins (FKBP) and is necessary
for optimal intracellular survival and lung tissue
dissemination of L. pneumophila. In the present
study, we used Virtual screening approach to
successfully find an inhibitor against L.
pneumophila MIP. Results showed that (4-{(2R)-
2-[(1S,3S,5S)-3,5-dimethyl-2-oxocyclohexyl]-2-
hydroxyethyl}-2,6-dioxopiperidin-1-yl)acetate can
act as a novel inhibitor against L. pneumophila
MIP.

Keywords: Legionaries Disease; Legionella
pneumophila; Macrophage infectivity potentiator
protein; Molecular docking.

Introduction
Legionnaires’ disease is a severe and

sometimes a fatal form of infection caused by
Legionella species. Since 32 years it was
recognized that Legionnaires’ disease was
caused by Legionella pneumophila (1).
Epidemiology of Legionnaires’ disease shows an

average of 356 cases between 1980 and 1998
in the United States (2). In Europe, a total of 5,907
cases were reported by 33 countries in 2007 and
5,960 cases were reported by 34 countries in
2008 (3). During August and September 2010,
an outbreak comprising 22 cases of
Legionnaires’ disease were identified in Wales
(4). In May 2010, a cluster of three cases of
Legionnaires’ disease were identified in France
(5). In 2001, 400 cases were reported in Spain
(6). This disease is classically described as a
severe pneumonia accompanied by systemic
symptoms such as fever, diarrhoea, myalgia,
impaired renal and liver functions, and delirium.
The disease mainly affects people over 50 years
of age, generally men more than women and the
fatality rate can vary from 1% to 17% of cases in
the general population and may be higher in the
risk groups (7). Among the Legionella species,
Legionella pneumophila is the aetiological agent
of approximately 90% of all Legionnaires’ disease
cases (8). Legionella pneumophila, is a Gram-
negative bacteria that evolved infecting
unicellular protozoa in freshwater reservoirs (9).
L. pneumophila possesses many of the traditional
bacterial determinants like lipopolysaccharide
(LPS), flagella, pili, a type II secretion system
(T2SS), and outer membrane proteins that are
important for pathogenicity in other bacteria (10).

The ability L. pneumophila to cause
Legionnaires’ disease predominantly depends on
the components and characteristics of its cell
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envelope. The macrophage infectivity potentiator
(mip), is a membrane-associated homodimeric
protein that is mainly found on the bacterial
surface of L. pneumophila is required for the
transmigration of L. pneumophila across an in
vitro model of the lung epithelial barrier and
efficient replication within host cells. The C-
terminal domain of Mip displays peptidyl–prolyl
cis/trans isomerase (PPIase) activity and is
related to the human FK506-binding protein and
binds to collagen of types I, II, III, IV, V, and VI
(11). The mip product is a 24-kDa protein, sharing
an amino acid sequence similarity with the mainly
eukaryotic family of FK506 binding proteins. The
crystal structure of Mip revealed that the fold of
the catalytic domain resembles the family of
human protein FK506 binding proteins (10). The
exact function of Mip in virulence have not been
identified yet.

In general, the interaction of a protein with
other molecules like ligands, nucleic acids or
other proteins are critical to its biochemical
function and these interactions occur at defined
locations, called the protein binding sites (12).
Thus, the identification and characterization of
these protein binding sites and their interacting
ligands is crucial to understand molecular
interactions and recognition. Comparison of
binding pockets of multiple proteins can infer the
function of the orphan protein thereby inferring
the new ligands they may be capable to bind at
the binding pocket of the orphan protein. In the
present study, we used the same approach to
predict and analyze the inihibitors that are
capable to show the binding affinity for the Mip
of L. pneumophila.

Materials and Methods
Protein Structure retrieval: The solution
structure of the fkbp-domain of L. pneumophila
macrophage infectivity potentiator protein (mip)
in complex with rapamycin protein (mip) (PDB
ID: 2VCD) (Ceymann et al., 2008) was retrieved
from the protein data bank (PDB).

Prediction of structural homologs for L.
pneumophila mip: Structure homologs for L.

pneumophila mip was predicted using 3D-BLAST
(http://3d-blast.life.nctu.edu.tw/), a very fast and
accurate method for discovering the homologous
proteins and evolutionary classifications of a
newly determined protein structure. It searches
for the longest common substructures, called
SAHSPs (structural alphabet high-scoring
segment pairs), existing between the query
structure and every structure in the structural
database and ranks the search homology
structures based on both SAHSP and E-value
calculating from the substitution scoring matrix
of structural alphabets (13) (14).

Molecular docking: Molecular docking was
performed using the Autodock 4.2 and PyRx
program (15) was employed to generate the
docking input files. Empirical free energy function
and Lamarckian genetic algorithm (LGA) were
used for docking with the following settings: a
maximum number of 2,500,000 energy
evaluations, an initial population of 150 randomly
placed individuals, a maximum number of 27,000
generations, a mutation rate of 0.02, a crossover
rate of 0.8 and an elitism value (number of top
individuals to survive to next generatione) of 1.
For the local search, the so-called Solis and Wets
algorithm was applied with a maximum of 300
iterations per search. Default values were used
for all the other parameters not mentioned.

Results and Discussion
3D-BLAST search of L. pneumophila mip

resulted in 100 PDB structures with identity
greater than or equal to 40 %. Among them top
ten structures with identity percentage greater
than 44% were selected. The respective
structures along with their identity percentages
were shown in the Table 1 given below. L.
pneumophila mip 3D structure (PDB ID: 2VCD)
is found contain Rapamycin (RAP) as a ligand.
The chemical structure of RAP was shown in the
figure 1given below. The respective bonding
interactions of RAP with L. pneumophila mip was
shown in the figure 2 given below. PDB structures
that are found to be identical to L. pneumophila
mip resulted by 3D-BLAST search were
subjected to multiple sequence alignment using
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CLUSTALX2 (16). Multiple sequence alignment
showed that residues are conserved in the region
where RAP is bound in L. pneumophila mip
(figure 3). Structures which showed identity to L.
pneumophila mip showed several in bound
ligands as shown in the table 1. Among, these

ligands we eliminated Seleno Methionine (MSE)
and Cesium (Cs) for our consideration.
Remaining ligands were docked into L.
pneumophila mip protein constructing as grid box
with the following dimensions; X-dimension: 60,
Y-dimension: 56, Z-dimension: 52, Spacing:

Table 1.  Protein structures that are identical to L. pneumophila mip three dimensional  structure

PDB ID Protein Name E-Value Percentage Ligands
identity

1JVW Trypanosoma cruzi macrophage infectivity
Chain A  potentiator (tcmip) 2e-50 54.3 -

1Q6I Chain B Crystal structure of a truncated form of fkpa
from Escherichia coli, in complex with
immuno suppressant fk506 1e-47 53.5 FK5, MSE

1Q6H Chain A Crystal structure of a truncated form of fkpa
from Escherichia coli 1e-44 49.6 MSE

1Q6U Chain A Crystal structure of fkpa from Escherichia coli 8e-68 44.7 Cs

2KO7 Chain A Solution structure of peptidyl-prolyl
cis-trans isomerase from Burkholderia
pseudomallei complexed with Cycloheximide-
N-ethylethanoate 7e-37 49.1 JZF

1D7I Chain A FKBP complexed with methyl methylsulfinyl
methyl sulfide (DSS) 2e-36 55.3 DSS

Table 2.  Molecular docking interactions of the ligands

PDB ID Ligand AutoDock Inhibition Interacting / Close contact Hydrogen
Name  Binding  co-efficient  Residues  bonding

Energy ÄGb residues
(kcal/mol)

2VCD RAP -7.23 5.02 TYR55,PHE65,ASP66,ALA75,
THR76, PHE77,GLN81,VAL82,
ILE83,TYR109,VAL114,GLY115,

PHE126 TYR55

2VCD FK5 -7.72 2.20 TYR55,THR76,PHE77,GLN78,
GLN81,VAL82,TRP86,ILE83,

TYR109 GLN78,ILE83

2VCD JZF -7.28 4.62 TYR55,GLY57,ASP66,PHE77,
GLN81,VAL82, ILE83, PRO84,

TRP86,TYR109,PHE126 TYR55

2VCD DSS -3.27 4.00 PHE77, VAL82,ILE83, TRP86 ILE83

Computational analysis of Protein Binding sites
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Fig. 1. Chemical structure of Rapamycin (RAP)
Fig. 2. Interactions of RAP with L. pneumophila mip.

Fig. 3.  Multiple sequence alignment of proteins identical to L. pneumophila mip
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0.375, X center: 102.882, Y center: 4.667, Z
center: -7.296. Before docking the ligands to L.
pneumophila mip structure, the docking protocol
was validated by docking the RAP into the binding
pocket to obtain the docked pose. The RMSD
(Root Mean Square Deviation) of all atoms
between these two conformations is 0.44 A°
indicating that the parameters for docking
simulation are good in reproducing the structure.

The orientation of docking pose of RAP showed
that the binding site was occupied by the residues
TYR55, PHE65, ASP66, ALA75, THR76, PHE77,
GLN81, VAL82, ILE83, TYR109, VAL114,
GLY115, PHE126, LEU 327, PHE 328, LEU 324,
LEU 405, VAL 491 with an Binding energy of -
7.23 kcal/mol  , Inhibition Constant kI  of 5.02µM
(micromolar), Intermolecular Energy of -9.91
kcal/mol, Internal Energy of -1.73 kcal/mol and
Torsional Energy 2.68 kcal/mol. Molecular

Fig. 4.  Molecular docking Interaction of RAP with
L. pneumophila mip.

Fig. 5. Molecular docking Interaction of FK5 with L.
pneumophila mip

 Fig. 7. Molecular docking Interaction of DSS with
L. pneumophila mip.

Fig. 6.  Molecular docking Interaction of JZF with
L. pneumophila mip.
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docking interaction of RAP with L. pneumophila
mip was shown in the figure 4 given below.
Molecular docking of other ligand 8-deethyl-8-
[but-3-enyl]-ascomycin (FK5) showed an Binding
energy of -7.72 kcal/mol, Inhibition Constant kI
of 2.2µM (micromolar), Intermolecular Energy of
-10.7 kcal/mol, Internal Energy of -3.19 kcal/mol
and Torsional Energy 2.98 kcal/mol with two
hydrogen bonding interactions at the residues
GLN78 and ILE83 as shown in the figure 5.
Molecular docking of ethyl (4-((2R)-2-
[(1S,3S,5S)-3,5-dimethyl-2-oxocyclohexyl]-2-
hydroxyethyl)-2,6-dioxopiperidin-1-yl)acetate
(JZF) on the other hand showed an Binding
energy of -7.28 kcal/mol, Inhibition Constant kI
of 4.62µM (micromolar), Intermolecular Energy
of -9.66 kcal/mol, Internal Energy of -0.82 kcal/
mol and Torsional Energy 2.39 kcal/mol with one
hydrogen bonding interaction at the residue
TYR55 as shown in the figure 6 whereas methyl
methylsulfinylmethyl sulfide (DSS) showed an
Binding energy of -3.27 kcal/mol, Inhibition
Constant kI  of 4.0µM (micromolar), Inter-
molecular  Energy of -3.87 kcal/mol, Internal
Energy of -0.05 kcal/mol and Torsional Energy
0.68 kcal/mol with one hydrogen bonding
interaction at the residue ILE83 as shown in the
figure 7. The respective interacting or close
contact residues for all the ligands were shown
in the Table 2 given below. These results showed
that apart from Rapamycin, ligand JZF can also
act as a novel inhibitor against L. pneumophila
mip.

Conclusion
Virtual screening methods are extensively

used to reduced cost and time of drug discovery.
The present approach utilized in this study is
successful in finding an inhibitor against L.
pneumophila mip. In particular, the present study
showed that residue ILE 83 is interacting with
both FK5 and DSS using Hydrogen bonds.
Results from the present study also suggest that
JZF can act as a novel inhibitor against L.
pneumophila mip. Further, work can be extended
to study the receptor-ligand interactions
experimentally.
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Antitumor effect of Gemcitabine

Abstract
Breast cancer is the most commonly

diagnosed disease among women. In recent
years, chemotherapeutic drugs such as
gemcitabine, erlotinib, etc. have been developed
for the treatment of breast cancer. Breast cancers
relapse due to the generation of chemoresistance
that makes therapeutic drugs ineffective. Hence,
agents that can reduce the chemoresistance to
the therapeutic drugs are being developed for
better advancement of in cancer therapy. The
present study evaluates the efficiency of
curcumin, in suppression of gemcitabine induced
NF-kB activity and in the enhancement of anti-
tumor effect of gemcitabine on MCF-7 and MDA
MB-231breast cancer cells. 10 or 20 µM of
curcumin and 10 or 100 µM of gemcitabine, alone
or in combination, were used. Cell proliferation
by MTT assay, apoptotic effects by Live/Dead
assay, nuclear factor-kB (NF-kB) activation or
suppression by EMSA were determined. The
results indicated a decrease in cell proliferation
of up to 61% (p < 0.01) and 45% (p < 0.01) at 20
µM curcumin and 100 µM of gemcitabine in MCF-
7 and MDA MB-231, respectively. Whereas 20
µM curcumin potentiated the apoptotic effects of
gemcitabine (100µM) predominantly in MCF-7 by
61% and in MDA MB-231 by 46% which was
determined by using Live/Dead assay. However,
curcumin (20 µM) significantly (p < 0.05)
suppressed NF-kB activation by 80% which was
induced by gemcitabine (100µM) in both cell
lines. The data obtained from the present

investigation shows the dose dependent changes
in MCF-7 and MDA MB-231. The combined
results revealed the beneficial role of curcumin
in potentiating the anti-tumor effects of
gemcitabine through NF-kB suppression and
apoptotic effects.

Keywords: Apoptosis, Curcumin, Gemcitabine,
NF-kB

Introduction
Nowadays, breast cancer is a major risk

factor among women worldwide. In Western
countries, the mean -5year relapse-free survival
rate of breast cancer patients is approximately
60%, but this value differs significantly across
individuals (1-3). Breast cancer is caused due to
various potent chemical drugs or epigenetic
factors, including regulation of transcription
factors, growth factors, etc (4). Various reports
denote increased cell proliferation, invasion,
suppression of apoptosis and chemoresistance
in multiple tumours (4). Several reports indicate
that such detrimental effects might be linked with
transcription factor NF-kB, which plays a major
role in regulating the cell proliferation and
chemoresistance of breast cancer (5, 6).

At present, gemcitabine (2’2’-
difluorodeoxycytidine), a novel nucleoside
analogue of deoxycytidine is employed as a
chemotherapeutic drug for the treatment of
various cancers which induces NF-kB activity (7,
8). This drug is inactive in the parental form,
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although it is progressively phosphorylated to its
active diphosphate and triphosphate metabolites
via kinases in intracellular compartments (9). In
addition, its active diphosphate form inhibits
ribonucleotide reductase apart from incorporation
of its triphosphate into DNA as a fraudulent base
in competition with dCTP. Such incorporation into
DNA resulted in DNA chain termination during
replication and the mimic base is relatively
resistant to excision repair. However, gemcitabine
treatment might be associated with multiple
adverse effects and drug resistance which results
in an objective tumour response rate of <10%
with a marginal survival advantage (8, 9). Breast
cancer cells often develop various mechanisms
of drug resistance during tumour progression
which is the major reason for the failure of breast
cancer therapy. NF-kB is constitutively active in
breast cancer cells, which plays a critical role in
promoting gemcitabine resistance to breast
cancer (8). Hence, certain natural agents that
block NF-kB activity are likely to reduce
chemoresistance to gemcitabine and are possibly
used in combination with gemcitabine as a novel
therapeutic regimen for breast cancer patients.
Thus, there is a necessity for developing novel
strategies with no entity in toxicity that can
sensitize breast cancer cells to chemotherapy.

Currently, phytochemicals (naturally
occurring chemicals in plants) such as is
flavones, gingerol, quercetin, resveratrol and
curcumin have been identified to be more
advantageous in treating various diseases like
cancer, pancreatitis, fibrosis, etc. (10, 11). It is
also known that the phytochemical, curcumin
(Diferuloylmethane) has a beneficial role in the
treatment of various types of cancers of the
breast, pancreas, bladder and lungs (12).
Curcumin is derived from turmeric (Curcuma
longa), a pharmacologically safe chemical
compound which has been shown to suppress
NF-kB activation and its downstream regulation
processes such as anti-apoptosis, proliferation,
invasion and metastasis (13-15).

Hence, this investigation has focused on
evaluating the beneficial role of curcumin in

treatment of breast cancer in combination with
gemcitabine in vitro. Curcumin has shown a
positive impact on potentiating the gemcitabine
anti-tumor effects as well as minimizing the side
effects.

Materials and Methods
The human breast cancer cell lines MCF-7

or MDA MB-231(ER-negative, HER-2-negative)
obtained from the American Type Culture
Collection (ATCC, Manassas, VA) were grown
as a monolayer in DMEM supplemented with
10% fetal bovine serum (FBS, Gibco-BRL, Grand
Island, NY). The monolayer cells in the
exponential growth phase were used for the
experiments conducted in the present study.
Gemcitabine and curcumin were obtained from
Sigma, Saint Louis, USA.

Cell Proliferation Assay : The effect of curcumin
and/or gemcitabine on MCF-7 or MDA MB-231
breast cancer cell proliferation were examined
by using 3-[4, 5-dimethylthiazol-2-yl]-2, 5-
diphenyl-tetrazolium bromide (MTT) dye [16].
Briefly, the monolayer cells in growth phase were
trypsinized (0.25% trypsin for 10 min) and 5,000
cells were seeded into 96-well culture plates. The
cells were incubated with curcumin (10 or 20 µM)
and/or gemcitabine (10 or 100 µM) in DMEM
medium in a 96-well  culture  plates  for 48 h at
37 oC, followed by 2 h incubation with 10 µl of
MTT (5 mg/mL in PBS) at 37 oC. The medium
was replaced with 100 µL of 99.8% dimethyl
sulphoxide in each well and optical density was
measured at 570 nm with reference wave length,
630 nm. All the test samples were analyzed in
triplicates.

Live / Dead Assay : Live/Dead assay kit was
used (Molecular Probes, Carlsbad, CA) to
determine the curcumin and/or gemcitabine cell
apoptotic effects in breast cancer cells. This
method determines intracellular esterase activity
and plasma membrane integrity. The assay
measures the emitted fluorescence intensity by
enzymatic conversion of cell permeable
nonfluorescent calcein AM with ubiquitous
intracellular esterase present in live cells. In



856Current Trends in Biotechnology and Pharmacy
Vol. 7 (4) 854-861 October 2013, ISSN 0973-8916 (Print), 2230-7303 (Online)

addition, dead cells were quantitated with
ethidium bromide, a red fluorescent homodimer
dye which can enter dead cells through damaged
membranes and bind to nucleic acids (16). Briefly
pre-treated MCF-7 or MDA MB-231 cells (10,000
per well) were incubated in 24-well culture plates
either with curcumin (10 or 20 µM; 4 h) or
gemcitabine (10 or 100 µM; 24 h). To examine
the potentiating effects of curcumin, the pre-
treated cultures with curcumin (20 µM; 4 h) were
further treated with gemcitabine (100 µM) for 24
h at 37 ºC. After incubation, the cells were stained
with Live/Dead assay reagents for 30 min at 37
oC as per the manufacturer’s instructions. The
number of live and dead cells were observed
under a fluorescence microscope (Olympus,
Germany), followed by counting live (green at
excitation and emission wavelengths of 495 and
515 nm, respectively) and dead (red at excitation
and emission wavelengths of 495 and 635 nm,
respectively) cells.

Electrophoretic Mobility Shift Assay [EMSA]
: The breast cancer MCF-7 or MDA MB-231 cells
(2×106 cells) were homogenized in buffer A [300
mM sucrose, 60 mM KCl, 15 mM N-2-
hydroxyethylpiperazine-N’-2 ethanesulfonic acid
(HEPES) pH 7.5 containing 2 mM EDTA, 0.5 mM
EGTA, 0.15 mM spermine, 0.5 mM spermidine
and 14 mM mercaptoethanol, 10 mM
benzamidine, 0.7 mg/ml leupeptin] after
incubation with curcumin (10 or 20 μM) and/or
gemcitabine in 96-well culture plates (10 or 100
μM) for 2, 4, 6 and 8 h at 37 ºC. All the steps
involved in homogenization and extraction
process were carried out at 4 ºC and the samples
were stored at -80 ºC until the assay was
performed (9). The amount of protein in nuclear
extracts was determined by Bradford’s method
according to the manufacturer’s instructions (Bio-
Rad, Hercules, CA, USA).

Nuclear protein extracts of the breast
cancer MCF-7 or MDA MB-231 cells were
analyzed using an EMSA to determine NF-kB
nuclear translocation (17). The EMSA was
conducted by competitive binding with

radiolabelled and non-radiolabelled NF-kB probe.
10 µg of nuclear protein was incubated with 0.2
µg of 32P-end-labeled double stranded
oligonucleotide containing the NF-kB binding
motif (Promega, Madison, WI, USA) and 1 µg of
poly (dI-dC) as an inhibitor of non-specific binding
in buffer B (20 mM HEPES pH 7.4 containing 60
mM KCl, 5 mM MgCl

2
, 0.2 mM EDTA, 0.5 mM

dithiothreitol, 0.5 mM phenylmehylsulfonyl
fluoride, 1% Nonidet P-40 and 8% glycerol) at
room temperature for 30 min. The sequence of
the double-stranded oligomers used for EMSA
was 5'-AGT TGA GGG GAC TTT CCC AGG C-
3'. The entire reaction mixtures were run on 5%
Tris-glycine EDTA gel electrophoresis, followed
by autoradiography for visualizing DNA-protein
complexes. The radioactive band intensity was
quantitated using the Storm 820 and Image
Quant software (Amersham, Piscataway, NJ).

Statistical analysis: All the experiments in the
present study were conducted as three
independent experiments and thus the obtained
values were shown as Mean ± SD. In addition,
the data was analyzed by one way ANOVA,
followed by Duncan’s multiple comparison
between control and treatment groups by using
Sigma Plot 11.0. The significant differences
between two sample means were compared
using unpaired Student’s t-test.*p < 0.05 is
considered as statistically significant.

Results
The aim of the present investigation was to

determine the beneficial role of curcumin in
potentiating anti-tumor effects of gemcitabine in
breast cancer cells. To elucidate the role of
curcumin, the present study was conducted on
well established breast cancer cell lines, MCF-7
and MDA MB-231. The positive effects of
curcumin that came to light in preventing the
cancer effects, by suppressing the cell
proliferation as well as NF-kB activation were
examined.

Curcumin decreased the cell proliferation in
breast cancer cells in vitro: In the present study,
we have examined the role of curcumin and/or
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gemcitabine on the cell viability by using MTT
cell proliferation assay. Either curcumin or
gemcitabine significantly (p < 0.05) decreased
the MCF-7 and MDA MB-231 cancer cells in vitro
in dose dependent manner (Fig. 1A). About 70
and 51% MCF-7 cancer cells survived to 48 h
exposure of 10 and 20 µM curcumin, respectively
in DMEM (p < 0.01). However, 10 and 100 µM
gemcitabine reduced only 11 and 13.4% cells
indicating that curcumin has shown major
inhibition on cell proliferation (p < 0.001). In
addition, 20 µM curcumin enhanced the
gemcitabine anti-proliferation activity to 60.7% at
higher dose (100 µM gemcitabine) as used in
the present study. Similarly, MDA MB-231 cancer
cells also exhibited 45% anti-proliferation activity
in presence of 20 µM curcumin in combination
with 100 µM gemcitabine (p < 0.01). Whereas
curcumin (20 µM) or gemcitabine (100 µM) alone
decreased 30% or 14.7% cell proliferation,
respectively (p < 0.05).

Curcumin enhanced the apoptosis in breast
cancer cells in vitro: Further, the potentiating
effect of curcumin on gemcitabine induced

apoptosis in breast cancer cells was determined
by using Live/Dead assay. The assay denoted
that curcumin and gemcitabine exposure to both
MCF-7 and MDA MB-231 cancer cells enhanced
the apoptosis (Fig. 1B). The exposure of 10 and
20 µM of curcumin exhibited 41 and 48%
apoptotic cells in MCF-7 cancer cells,
respectively (p < 0.05). Whereas the exposure
of 10 and 20 µM of curcumin exhibited 38 and
42% apoptotic cells in MDA MB-231 cancer cells,
respectively (p < 0.05). On the contrary, lesser
apoptosis was observed in 10 and 100 µM
gemcitabine treated cells (18 and 22% in MCF-7
cells; 14 and 20% in MDA MB-231 cells).
However, apoptosis significantly decrease to 61
and 46% in MCF-7 and MDA MB-231 cells,
respectively (p < 0.05) at 100 µM gemcitabine
when pre-treated the cells with 20 µM curcumin.
These results  indicated  an  increase in the
percentage of apoptosis in the presence of
chemotherapeutic  drug,  gemcitabine  in
combination  with  phytochemical,  curcumin.
However, gemcitabine alone had a minimal effect
on apoptosis in both the examined breast cancer
cell lines.

Fig.1. Curcumin inhibits proliferation, potentiates the apoptotic effects of gemcitabine in breast cancer cells in
vitro.  A. MTT assay results showed dose dependent suppression of cell proliferation in all breast cancer cell
lines tested. B. Live/Dead assay results indicated that curcumin potentiates gemcitabine induced cytotoxicity,
percentages, proportions of apoptotic breast cancer cells.  Cur: Curcumin, Gem: Gemcitabine
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Curcumin inhibited NF-kB activation induced
by gemcitabine in breast cancer cell lines :
EMSA assay was used to demonstrate whether
curcumin suppresses the NF-kB activation
induced by gemcitabine in breast cancer cell
lines. Breast cancer cell lines were incubated with
100 µM gemcitabine with different time periods
to observe maximum NF-kB activation. It has
been observed that 100 µM gemcitabine induces
NF-kB activation at 6 h and reaches to a
maximum level at 8 h in both cell lines (Fig. 2A
and Fig. 2B). MCF-7 cells have shown 5 and 5.8
fold increase of NF-kB activation at 6 h and 8 h
of incubation respectively, when compared to
controls; p < 0.001. Similarly, MDA-MB-231 cells
have shown 5.1 and 6.9 fold increase (p < 0.005)
at 6 h and 8 h of incubation, respectively, while
the 20 µM curcumin pre-treated cells exhibited
30% and 20% NF-kB suppression in MCF-7 and

MDA MB-231, respectively when compared to
their respective controls.  Surprisingly, the
curcumin in combination with gemcitabine
suppressed NF-kB activation in both MCF-7 (Fig.
2C) and MDA MB-231  (Fig. 2D). The  dose
dependent suppression of gemcitabine induced
NF-kB activation by curcumin has been observed
in both cell lines. Both the cell lines when pre-
treated with 10 µM curcumin for 4 h showed
suppression (38%) of gemcitabine (100µM, 8h)
induced NF-kB activation (p < 0.005). In addition,
the increase in curcumin concentration to 20 µM
suppressed the gemcitabine (100 µM, 8 h)
induced NF-kB activation up to 80% in both cell
lines (p < 0.005). The combined results
enlightened the potentiating effects of curcumin
in apoptosis as well as suppression of
gemcitabine induced NF-kB activation.

Fig. 2. Curcumin enhances the effect of gemcitabine against expression of NF-kB in breast cancer. A. MCF-7
cells 2×106 were treated with 100 µM gemcitabine. B. MDA MB-231 cells 2×106 were treated with 10 µM
gemcitabine for indicated time intervals. The cells were then analyzed for NF-kB activation using EMSA. C &
D. MCF-7 cells and MDA MB-231 cells 2 ×106, were pretreated with 0, 10 and 20 µM curcumin for 4 h. MCF-7
cells were stimulated with 100 µM gemcitabine for 8 h, and MDA MB-231 cells were stimulated with 100µmol
/L gemcitabine for same period. The cells were then analyzed for NF-kB activation using EMSA.
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Discussion
The present study was conducted to

elucidate the beneficial role of natural herbal
compound, curcumin, to improve the therapeutic
effects of gemcitabine in human breast cancer
cells in vitro. It is well known that curcumin has
anti-proliferation activity and it induces a high
percentage of apoptosis in human breast cancer
cells by regulating the expression of genes
associated with programmed cell death (18), a
dietary ingredient in many countries, which would
be helpful in treatment of cancer (11, 12, 19, 20).
In addition, it has shown to suppress NF-kB
activation and NF-kB gene products in various
models, including rodents and mammals (13, 14,
21). Hence, we have chosen curcumin in
combination with gemcitabine that aids in
potentiating the apoptosis as well as suppressing
the NF-kB activity in human MCF-7 and MDA MB-
231 cells. Our results reported here with the
gemcitabine alone had minimal effects in anti-
proliferation (up to 14%)  (Fig. 1A) and apoptosis
(up to 14%) (Fig. 1B) in both breast cancer cells.
However, in combination with curcumin, the
proliferation activity was significantly reduced to
61 and 45% in MCF-7 and MDA MB-231 cells,
respectively. In addition, we have reported that
the MCF-7 cells have shown more sensitivity than
MDA MB-231 cells to both curcumin and
gemcitabine. Previous studies have reported the
potentiating effects of curcumin in combination
with gemcitabine in various cancerous cells such
as of human bladder 253JBV (22), KU-7, RT4V6
(14) and pancreas BxPC-3, MIA PaCa-2, Panc-
1 and MPanc-96 (18). Even in vivo studies in
mice revealed the potentiating beneficial role of
curcumin in anticancer activity (22). Similarly,
human breast cancer cells, MCF-7 and MDA MB-
231 showed the significant anti-proliferation
activity (p < 0.05) by combined administration of
curcumin and gemcitabine.  It is well known that
curcumin alone has the ability to suppress
apoptosis in human breast cancer cells MCF-7
and MDA MB-231 (23, 24), cholanagioma
carcinoma cells, KKU100, KKU-M156, KKU-
M213 (25), lung cancer cells, A549 and H1299

(26) and hepatocaricoma cells, HCCJ5 (27).
These combined results suggest that curcumin
might/does play a role in anti-proliferation activity
and reduced apoptosis on breast cancer cell
lines. In addition, it is well known that NF-kB has
been implicated in cell survival and proliferation
(5, 6). Recent reports made on NF-kB and PI3k/
akt pathway activation in putative resistance
mechanisms for breast cancer. However, NF-kB
has been linked with chemoresistance with the
therapeutic drugs such as gemcitabine that
activates NF-kB in breast cancer lines such as
MDA MB-231and MCF-7 as well as in tissue
samples of breast  carcinoma  (23, 24). In the
present study, EMSA denoted that the
gemcitabine alone enhanced the NF-kB
activation significantly (p < 0.05) in human breast
cancer cells, MCF-7 (5.8 fold) and MDA MB-231
(6.9 fold). On the contrary, curcumin reduced the
NF-kB activation significantly in MCF 7 and MDA
MB-231 cells (p < 0.005). Some reports suggest
that such an activation of NF-kB by human
prostate epithelial PZ-HPV-7 cancer cells could
be down regulated by curcumin sensitization by
blocking phosphorylation of IkBα and its
degradation (28), G1/S arrest in mantle cell
lymphoma (29). The present investigation reports
the dose dependent suppression of gemcitabine
induced NF-kB activation by curcumin at 10
(38%) and 20 µM (up to 80%) in both cell lines.
Similarly, previous studies using various cancer
cell lines showed that curcumin is quite effective
in suppressing the proliferation, NF-kB activation
and promoting apoptosis, exhibiting more
effectiveness when combined with gemcitabine
(14,18). Hence, gemcitabine alone does not
attain sufficient disease control due to intrinsic
or acquired resistance of tumour cells; curcumin
may help in adequate management of cancer
remedy. The present study suggested that the
combinational therapy with herbal compound,
curcumin, may perhaps be helpful in the
treatment of breast cancer in human population.
Further studies of in vivo models may help in
understanding the beneficial role of curcumin in
breast cancer therapy.
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Optimization of Protocols for Sugarcane Cultivar CO-86032

Abstract
An efficient protocol for induction of callus

and regeneration of a high yielding sugar cane
var CO-86032 has been developed and reported
here. Callus induction from leaf sheath explants
derived from 2-3-month-old plants was achieved
on Murashige and Skoog’s(MS) medium
supplemented with different auxins viz, 2,4-D,
2,4,5-T, NAA, dicamba and picloram (1-3 mgl-1).
Among different auxins, 2,4-D at 1mgl-1

supplemented with 2% sucrose + 300mgl-1 PVP
was found favorable in inducing callus and
preventing browning. Addition of coconut milk and
Kn further enhanced the growth of callus
maximum being on MS medium supplemented
with 0.5mg1-1Kn (1994±0.39mg). Calli were
further evaluated for regeneration. MS medium
supplemented with 2mg/l Kn+1mg/l BAP was
found suitable where 100% calli regenerated with
maximum number of multiple shoots per callus
mass(168±0.54). Highest number of root
emergence (38±0.21) and maximum root length
(6.8±0.64cm) was achieved on MS medium
supplemented with 5mgl-1 NAA. The in vitro grown
plants were transferred to polycups containing a
mixture of sterilized sand and black soil (1:1) for
hardening. The hardened plants were transferred
to green-house conditions where they survived
with 90% frequency.

Key Words:  Saccharum, callus, leaf explants,
organogenesis, sugarcane.

Introduction
Sugarcane (Saccharum officinarum L.)

is known in India from time immemorial. It
belongs to the family Poaceae. It is a tropical
grass of high polyploidy (2n= 36-170). Sugarcane
accounts for nearly 70% of the worlds’ sugar and
is an economically important cash crop in tropical
and sub-tropical regions (1). Apart from use in
sugar production, it is gaining importance for
ethanol production. Some other bye-products
from sugarcane include molasses, stock feed,
alcoholic drinks, bagasses and cane wax (2, 3).
Sugarcane is a clonally propagated crop and is
especially vulnerable to diseases and
propagation from cuttings facilitates the spread
of the pathogens and may result in epidemics
(4). In India, sugarcane is grown mainly in the
states of Maharashtra, Karnataka, Tamil Nadu,
Utter Pradesh and Andhra Pradesh. It is an
important cash crop of India grown over an area
of 4 million hectares. Due to its importance
globally, constant efforts are being made world
over for its improvement, through tissue culture
techniques (5-11). Research in sugarcane tissue
culture was started in Hawai in 1964 by Nickel.
This was followed by the pioneering works by
Heinz and Mee (6), Barba and Nickel (7) who
first independently demonstrated that plantlets
could be developed from sugarcane callus
cultures. From the published results, it is evident
that essentially every part of the sugarcane plant
is capable of callus production (11). However,
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only immature leaf sheath rolls (12) and the
inflorescences (11) are capable of producing
morphogenic callus to any appreciable level.
Callus induction is a very important for inducing
genetic modifications in this crop (13). Interest
in callus based regeneration will be of significant
importance as in vitro mutations and somaclonal
variants could be induced and subsequently used
for sugarcane improvement. Keeping in view of
the importance of callus induction and callus
mediated regeneration, the present investigations
were carried out for optimizing a complete tissue
culture protocol (callus induction, regeneration
and acclimatization) in a high yielding sugar cane
variety Co-86032. Earlier reports on sugarcane
have shown that a high genotypic variation exists
with regards to source and explants and
concentration of 2, 4-D used for callus induction.

Materials and Methods
The plant material was obtained from Aland

agricultural farm, Aland, Karnataka State, India.
Young leaf sheath of 2-3-months-old plants were
used as explants. The explants were thoroughly
washed in running tap water to remove particles
adhered to the surface and then washed with 1%
(v/v) soap solution (Teepol) for 1 minute and
further washed with sterilized distilled water till
froth was completely removed, then they were
surface sterilized for 5minutes in 0.1% (w/v)
mercuric chloride, rinsed with sterilized distilled
water thrice to remove traces of mercuric
chloride. The outer layers of the explants were
removed and inner leaves were cut into pieces
and placed in 1% sterilized ascorbic acid solution
for 5 minute to prevent browning of the explants.
Leaf pieces were than inoculated on Murashige
and Skoog’s (14) medium supplemented with 2%
sucrose with or without  coconut milk and different
types of auxins  viz., 2,4-dichlorophenoxyacetic
acid (2,4-D), α-naphthaleneacetic acid
(NAA),2,4,5-trichlorophenoxyacetic acid (2,4,5-
T), picloram and dicamba at various
concentrations with or without cytokinins. For
solidification of media, 8% agar (w/v) was added.
pH of the medium was adjusted to 5.7 prior to
autoclaving at a pressure of 121 ºC at 15 psi for

15 minutes, then dispensed into culture tubes
(150×15mm) and the cultures were maintained
under cool-white florescent light at 60µM-2 S-1 (16
h light/8 h dark) at 26±1 ºC for four weeks. These
growth conditions were used for all tissue culture
steps in this study. A complete randomized design
with 10 explants/callus per culture tube and three
replication/treatment were maintained and all the
experiments were repeated thrice. Relative
growth rate of callus was determined after 4-
weeks of culture. For regeneration, approxi-
mately 250±10 mg callus were placed on MS
medium supplemented with 2% sucrose
containing different types of cytokinins alone or
in combination.

Results and Discussion
Induction of Callus:Young leaf sheaths of
sugarcane were  used as starting material to
generate callus on medium containing different
types of auxins at various concentrations(Table
1).Callus induction was observed within two
weeks after inoculation of the explants on the
medium. All the growth regulators used viz., 2,4-
D 2,4,5-T and NAA used at concentrations
between 1-3mg/l induced callus with varying
frequencies. Auxin2,4-D induced callus with
100% frequency followed by 2,4,5-T with 70% at
3mg/l and NAA with 50% frequency at 1mg/
l.Growth of fresh weight of callus was 685±0.94
mg on 1mgl-12,4-D, followed by 2,4,5-Twhich was
658±0.49 (Fig. 1a-f) mg/culture and the least was
recorded on NAA supplemented
medium(237±0.88 mg). With further increase in
the concentrations of the auxins, the relative
growth rate of callus decreased. Dicamba and
picloram were least responsive for callus
induction and growth (Table 1). Supplementing
coconut water at 5% to 2, 4-D containing medium
further increased the growth of callus to
898±0.72mg/culture. Highest growth the callus
(1994±0.39 mg) was observed on MS medium
supplemented with 1 mg/l 2, 4-D + 0.5 mg/l kinetin
(Kn) as shown in Table 2 (Fig. 1g & h).

Leaf as an explants along with auxin 2, 4-D
has been reported as the best combination for
callus induction in sugarcane (2, 3, 9, 13, 15-
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Table 1. Effect of various auxins at different concentrations on frequency of induction and growth
 of leaf sheath derived callus in sugarcane

      Growth % Frequency of Growth of callus after 30 days
regulators (mg/1) callus induction  of culture(mg/culture)

2,4-D FW DW
1 100 856 ± 0.94a 89 ± 0.54a

2 100 807 ± 0.51b 83 ± 0.51a

3 100 735 ± 0.47c 79 ± 0.33b

2,4,5-T
1 44.0 324 ± 0.66f 68 ± 0.47c

2 34.6 457 ± 0.39e 79 ±0.72b

3 70.6 658 ± 0.49d 89 ± 0.40a

NAA
1 50.6 237 ± 0.88g 27 ± 0.72d

2 20.0 143 ± 0.71h 14 ± 0.39e

3 18.6 124 ± 0.74i 13 ± 0.76e

Dicamba
1 8.0 35 ± 0.04j 3.3±0.15f

2 8.0 34 ± 0.74j 3.2±0.13f

3 6.0 29 ± 0.88k 2.9±0.01f

Picloram
1 14.6 34 ± 0.02j 3.2±0.20f

2 8 32 ± 0.84j 3.0±0.21f

3 8 30 ± 0.33k 2.9±0.34f

Data represent average of three replicates, and each replicate consists of 25 cultures.
Mean ± Standard error. Mean followed by the different superscript in a column are significantly
different from each other according to ANOVA and DMRT P e” 0.05.

 Table 2. Effect of coconut water (CW) and kinetin (Kn) on growth of leaf sheath derived callus
   in sugarcane

2,4-D + CW Fresh weight(mg) Dry weight(mg)

1 + 5% 898 ± 0.72a 86 ± 0.22a

1 + 10% 879± 0.75b 86± 0.40a

1 + 15% 874± 0.38b 85± 0.30a

2,4-D + Kn

1 + 0.5 1994 ± 0.39b 98 ±0.12b

1 + 1.0 876 ± 0.81b 96 ± 0.17 b

1 +1.5 543 ± 0.84c 51 ± 0.34c

Data represent average of three replicates, each replicate consists of 25 cultures.
Mean ± Standard error. Mean followed by the different superscript in a column are significantly
different  from each other according to ANOVA and DMRT P e” 0.05.
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22). Other explants like inflorescence (11), shoot
tip/meristem (23, 24), seeds (25) have also been
reported as source of explants for callus initiation.
A survey of literature (21, 24-28) showed that
whatever may be the source of explants used
for callus initiation, the requirement of 2, 4-D is
essential. In the present investigations also, it
was noticed that 2, 4-D is an important auxin for
callus induction when compared to 2, 4, 5-T and
NAA, picloram and dicamba. However, Gallo-
Meagher (2) and Khan et al. (29) reported that
picloram is better than 2, 4-D for callus initiation
and proliferation in the sugarcane cultivars
NIA98, NIA204 and BL4. Such contradicting
results may be attributed to different genotypes
used in these studies. Sugarcane is known to be
highly genotype dependent for its response to
callus induction (30). Supplementing Kn at 0.5
mg/l or 5% coconut water (CW) resulted in better
growth of callus compared to the controls. Such
a beneficial effect of coconut milk on the growth
of sugarcane callus has been reported by many
workers earlier (27, 28, 31).

Organogenesis: Callus mediated regeneration
has been reported in sugarcane (17, 20, 21, 25,
32). Therefore, callus was evaluated for shoot
regeneration on MS medium along with different
cytokinins like Kn, 6-benzylaminopurine (BAP),
thidiazuron (TDZ, N-phenyl-N’-1,2,3-thiadiazol-
5-ylurea) and zeatin at different concentrations
either alone, or in combination with other
cytokinins. It was noticed that all the
concentrations of cytokinins when used alone
induced multiple shoots from the callus with
varying frequencies depending upon the
concentration used. Kn alone induced multiple
shoots (152±0.4) with a frequency of 100% at
2mg/l, but further increase in the concentrations
decreased the frequency of shoot induction and
number of shoots differentiated per explant. In
BAP (1 mg/l) supplemented medium,the
frequency of multiple shoot induction was 100%
with an average of 126±0.27 shoots per callus
mass (Fig. 2a). Further increase in its
concentration, reduced the number of multiple
shoots, butthe frequency of shoot induction was

not affected. Behara and Sahoo (24) reported
regeneration from meristem derived callus of
sugarcane cultivar Nayana, using 2mg/l BAP.
However, the number of shoots reported per
callus mass was only 4.2. On the contrary Naik
et al. (16) reported regeneration from callus at
low concentrations of BAP (0.5 mg/l). It appears
from these reports that regeneration potential in
sugarcane is highly dependent on the
concentrations of plant growth regulators besides
the genotypes (29, 30, 33).

TDZ and zeatin induced multiple shoots at
low concentrations ranging from 0.1 to 0.5 mg/l
with a frequency of 40 and 54.6% and 133 and
63 shoots per callus respectively. Further
increase in their concentration gradually reduced
not only the frequency but alsothe number of
shoots formed per callus. Of the four cytokinins,
Kn was the most responsive in inducing multiple
shoots followed by BAP, TDZ and zeatin. It is
noticed that for regeneration of shoots from
sugarcane callus, either BAP or Kn are essential.
Depending on the verities used it was found that
either Kn at low concentration (35) or at high
(2mg/l) concentrations (12, 24, 34) or BAP at low
(0.2-0.5 mg/l) concentrations (3, 16, 24) is
required for shoot induction. It is evidentfrom the
study that shoot organogenesis in sugarcane is
highly dependent onplant growth regulator
concentration. However, organogenesis from
sugarcane callus on hormone free media but in
the presence of high concentration of sucrose
(60g/l) and casein hydrolysate (500 mg/l) has
been reported (24).

Effect of the combination of Kn and BAP:
Since Kn at 2 mg/l gave better response, it was
decided to study its interaction with BAP for the
shoot forming ability. It was noticed that
supplementing BAP at 0.5-1 mg/l  concentrations
along with Kn further increased the number of
shoots, the maximum being 168 at 1mg/l (Fig.
2b). But, at 1.5 mg/l Kn, shoot formation
decreased (Table 3). Supplementing TDZ or
zeatin along with Kn was not found beneficial in
enhancing the number of shoots differentiated
per callus. However, the number of shoot buds
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Table 4. Effect of auxins on frequency, number of roots and root length per plantlet in sugarcane

Auxins (mg/l) % Frequency of No. of roots /        Root length (cm)
root differentiation explant

NAA(mg/l)
1 100 8±0.59 bcd 3.76±0.11a

2 100 15±0.57e 3.48±0.15 a

3 100 25±0.74g 5.60±0.54cd

4 100 32±0.44b 5.71±0.67cd

5 100 38±0.21i 6.82±0.64d

IBA(mg/l)
1 80.6 06±0.36b 4.51±0.25b

2 95.6 10±0.33d 6.87±0.73d

3 100 14±0.15e 6.82±0.48d

4 80.6 8±0.24bcd 3.70±0.34a

5 76.6 4±0.14a 3.10±0.16a

Table 3. Effect of cytokinins on the frequency, average number of shoots and average length of
 shoots from leaf sheath derived callus in sugarcane

Hormonal No. of tubes % Frequency Average no. of Average length
concentration inoculated of shoots well developed of shoots (cm)
(mg/l) formed shoots (~1 cm)

BAP
1 75 100 128 ± 2.27c 3.81 ± 0.23d

2 75 100 116 ± 2.34c 3.61 ± 0.15d

3 75 100 52 ± 1.24f 3.56 ± 0.12d

Kn
1 75 100 132 ± 2.49c 4.9 ± 0.10c

2 75 100 152 ± 3.04b 5.2 ± 0.02c

3 75 100 98 ± 2.86d 4.8 ± 0.01c

Zn
0.1 75 14.0 24 ± 0.08h 1.8 ± 0.10f

0.2 75 24.0 52 ± 0.09g 1.9 ± 0.09f

0.3 75 40.0 63 ± 0.04f 2.1 ± 0.12f

TDZ
0.1 75 38.6 78 ± 0.15e 2.6 ± 0.14e

0.2 75 44.0 82 ± 0.30e 2.8 ± 0.10e

0.3 75 54.6 94 ± 0.18d 3.0 ± 0.11e

Kn+ BAP
2 + 1 75 100 168 ± 0.54a 8.8 ± 0.14a

2 + 2 75 100 96 ±  0.62d 8.0 ± 0.05b

2 + 3 75 100 64 ± 0.86f 7.4 ± 0.02b

Data represent average of three replicates, each replicate consist of 25 cultures.
Mean ± Standard error. Mean followed by the different superscript in a column are significantly
different from each other according to ANOVA and DMRT P e” 0.05.

Optimization of Protocols for Sugarcane Cultivar CO-86032



867Current Trends in Biotechnology and Pharmacy
Vol. 7 (4) 861-869 October 2013, ISSN 0973-8916 (Print), 2230-7303 (Online)

concentrations of sucrose (6-8%) has been
reported (35). Well-rooted plants were later
transferred to the poly cups (Fig. 2e) containing
soil and sand mixture (1:1). Plantlets were initially
covered with plastic bags to maintain high
humidity. Hoagland nutrient solution was added
to the plantlets on daily basis during this period.
After 15-20 days, plastic bags were removed and
thus they were acclimatized to the normal
temperature with 90% success rate.
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Abstract
In the present study, effect of particle size

and alkaline pretreatment of five recorded
lignocellulosic wastes on production of xylanase
by five fungal isolates was studied.  The different
raw substrates used were wheat bran, saw dust,
maize straw, rice straw, sugarcane baggase.
These raw substrates were firstly subjected to
different alkali pretreatments (0.5N NaOH, 0.1N
NaOH, and 1.0N NaOH) and added to the culture
medium for xylanase production. Maximum
xylanase production was achieved with 0.5N
NaOH pretreated raw substrates as compared
to untreated raw substrates in all five fungal
isolates. The 0.5N NaOH treated five  raw
substrates were then passed through 0.2mm,
0.5mm, 0.8mm, 1.4mm and 2.0mm sieves and
used for xylanase production .  Raw substrates
of 0.8mm particle size supported maximum
xylanase production in all five fungal isolates.
The xylanase activity increased significantly in
Chrysosporium tropicum, Aspergillus fumigatus
and Aspergillus terrus from untreated maize
straw to 0.5N NaOH and 0.8mm size treated
maize straw, the corresponding values increased
from 0.204±0.002, 0.118±0.001 and 0.030±0.005
to 0.448±0.004, 0.415±0.002 and 0.441±0.008
µmoles of xylose/min/ml of culture filtrate,
respectively. Malbranchaea sp and Emericella
nidulans also exhibited significantly higher
xylanase activity with wheat bran, the

corresponding values increased from
0.040±0.012 and 0.138±0.003 to 0.513±0.005
and 0.390 ± 0.002 µmoles of xylose/min/ml of
culture filtrate, respectively.

Keywords: Xylanases, oat spelt xylan, alkaline
pretreatment, wheat bran, maize straw.

Introduction
Xylanases are the microbial enzymes that

have aroused great interest recently due to their
potential application in many industrial processes
viz; production of hydrolysates from agro-
industrial wastes (1, 2) nutritional improvement
of lignocellulosic feed stuff (3), clarification of
juices and wines (4) and biobleaching of craft
pulp in paper industry (5).

Xylanases (E.C.2.8.1.8), a group of
hemicellulolytic enzymes, are required for the
hydrolyisis of β 1, 4-xylans present in
lignocellulosic materials (1). Xylan rich cell walls
contain significant amounts of lignin which are
generally resistant to enzymic hydrolysis and
required chemo-mechanical pretreatments like
steaming, radiation, acid hydrolysis and alkali
digestion (6) before the polysaccharides become
accessible to enzymes and can be hydrolysed
to monomeric sugars in high yield (7). Compared
to acid pretreatments, alkaline processes have
less sugar degradation and furan derivative
formation is avoided (8).
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Enzymatic action on the substrate also
depends upon the size of the substrate, which is
determined by the physical properties of the
materials including the crystalline or amorphous
nature, accessible and surface area, porosity and
mainly particle size (9-11) Thus, structure and
size of substrates allow different materials to be
available for microbial degradation (12). Hence
mechanical separation of any substrate can be
useful for specific purposes, such as the
cultivation of edible fungi, feed production (13)
or more specific production of extracellular
enzyme extracts (14)

Lignocellulosic substrates, being cheap and
readily available, have recently gained
considerable interest because of their possible
use in secondary fermentation processes. A
number of studies have already been done for
production of xylanase on lignocellulosic wastes
mainly wheat bran (15-17), sugarcane bagasse
(18) and untreated and treated wheat straw (19)
using solid substrate fermentation (SSF) or
submerged culture fermentation (SmF). This
paper presents the potential of some fungal
isolates, to produce xylanase on various feed
stuffs like wheat bran, maize straw, rice straw,
sugarcane baggase and saw dust under
submerged fermentation conditions. The purpose
of this research was to improve xylanase
production by using different particle size and
alkaline pretreated lignocellulosic wastes.

Materials and methods
Collection of samples: The soil samples were
collected from the various localities in and around
Raipur city. The samples were mainly from Govt.
Science College Botanical Garden, SOS in Life
Science garden, compost; house based waste,
stable manure and garbage soil of Raipur.

Isolation of fungi: Isolation of fungi were carried
out from the collected soil  samples by using two
methods, the dilution plate method of (20) and
direct plate method of (21).

Identification of fungi: Purified cultures were
identified under compound microscope with
available literature of (22). Selected isolates were

identified from NFCCI, Agharkar Research
Institute, Pune.

Screening of xylanolytic fungi: Isolated fungi
were screened for xylanolytic activities on xylan
agar medium as described by the method of (23).
Positive xylanolytic isolates were detected based
on the formation of clear zones of hydrolysis on
the oat spelt xylan agar plates (24).

Xylanase  production medium: To study the
effect of different factors i.e alkaline pretreatment
and particle size on the production of xylanase,
the culture medium i.e. YpSs media of following
composition was used. Raw substrate 10g,
Soluble starch 5g, Yeast extract 1.0g,
MgSO

4
.7H

2
O 0.5g, KH

2
PO

4
 1.0g, Distilled water

1000ml pH 7.0. 25ml of medium in 150ml conical
flask was inoculated with one fungal mycelial disc
from a week old culture and incubated at 450C in
humidity controlled incubator. At the end of fifth
day of incubation, extracellular xylanase activity
was assayed in culture filtrates of all five fungal
isolates.

Xylanase assay: Xylanase activity was assayed
using 1% oat spelt xylan (Sigma chemical) as
the substrate. Xylan was dissolved in 50mM
Phosphate buffer (pH 6.5). The reaction mixture
consisted of 0.5ml oat spelt xylan and 0.5ml crude
enzyme, which was incubated in an incubator for
30 min at 50oC. The enzyme was assayed by
estimating the amount of released reducing sugar
xylose using 3, 5- dinitrosalicylic acid method
(DNS method) (25). One unit of xylanase activity
was expressed as 1µmol of reducing sugars
(xylose) released in 1 min under the above
conditions. Protein content was estimated by
method of (26) with BSA (bovine serum albumin,
Himedia, India).

Effect  of  alkaline  pretreatment  of  raw
substrate on xylanase production: 1.0 g raw
substrate (wheat bran, saw dust, maize straw,
rice straw, sugarcane baggase) was added to
10.0ml of 0.5N NaOH, 0.1N NaOH, 1.0N NaOH
and autoclaved for 30min in 150ml flasks (27).
After 30min washed with running tap water until
the pH gets neutralized. The washed substrate
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was dried in an oven at 60oC overnight. Alkaline
pretreated raw substrates were added to the
YPsS medium at 1% concentration and isolates
of fungi were grown in this medium. The
extracellular xylanase activity was measured in
culture filtrates of fungal isolates grown in alkaline
pretreated raw substrate to select the suitable
treatment of raw substrate for extracellular
xylanase production.

Effect of particle size of raw substrate on
xylanase production: Raw substrates treated
with 0.5N NaOH were grinded using mixer grinder
and passed through 2.0mm sieve and substrates
which were not sieved again grinded and passed
through 1.4mm sieve. Other particle sizes of raw
substrates were obtained in similar way in
decreasing order of sieve size i.e. 0.8mm, 0.5mm
and 0.2mm. Different sizes of raw substrate were
added to the culture medium and five isolates
were grown in this medium. The extracellular
xylanase activity was measured in culture filtrates
of all five isolates grown in different size of raw
substrates.

Results and Discussion
Isolation and screening of xylanolytic  fungi:
In the present work, a total of fifty-five fungal
isolates were recorded from different soil
samples and screened for xylanase activity. After
evaluating 55 fungal isolates for xylanase acivity,
eighteen isolates showing higher xylanase
activity were selected for further study. Out of
eighteen, five isolates i.e. Chrysosporium
tropicum NFCCI 2531, Malbranchaea sp,
Aspergillus fumigatus NFCCI 2532, Aspergillus
terrus NFCCI 2533 and Emericella nidulans
NFCCI 2538 with higher xylanase activity were
selected to study effect of different normality
alkaline pretreatment and different particle sizes
of some lignocellulosic wastes on xylanase
production.

Effect of alkaline pretreatment of raw
substrate on xylanase production: The effect
of alkaline pretreatment on xylanase production
was presented in (Table 1a, 1b and Fig. 1a-e). A

significant increase in xylanase production was
obtained with 0.5N NaOH treated raw substrates
as compared to their respective controls and 0.1N
NaOH treated raw substrates in all five fungal
isolates. However after treatment of all the raw
substrates with 1.0N NaOH, the xylanase
production decreased significantly with all the five
fungal isolates.

It may be due to the decomposition of xylan
with severe alkali treatment. Moreover at higher
severity of NaOH, more byproducts like furfurals
are formed which make the medium somewhat
harder to ferment (4). The xylanase activity also
increased in Trichoderma viride using 0.5N NaOH
treated jowar and maize straw (27). B. subtilis
produced significant level of xylanase activity with

Fig.1 (a): Effect of alkaline pretreatment of raw
substrate  (0.8mm) on xylanase production.

Fig. 1 (b): Effect of alkaline pretreatment of raw
substrate  (0.8mm) on xylanase production.

Production of Xylanase from Fungal isolates
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 Fig.1(c): Effect of alkaline pretreatment of raw
substrate  (0.8mm) on xylanase production.

Fig.1(d):Effect of alkaline pretreatment of raw
substrate  (0.8mm) on xylanase production.

Fig.1(e): Effect of alkaline pretreatment of raw
substrate  (0.8mm) on xylanase production
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Fig. 2(a): Effect of particle size of 0.5N NaOH
treated raw substrates on xylanase production

Fig. 2(b): Effect of particle size of 0.5N NaOH
treated raw substrates on xylanase production

Fig. 2(c):  Effect of particle size of 0.5N NaOH
treated raw substrates on xylanase production
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2% NaOH treated raw substrates (rice straw,
sugarcane baggase, wheat bran and karaft pulp)
(28). Alkali treated wheat straw increased
cellulose hydrolysis as compared to untreated
wheat straw as reported by (29).  Submerged
cultures of Trichoderma reesei F-522 grown on
ethanol-alkali treated wheat straw supported
maximum cellulase and xylanase production
(30).

Effect of particle size of raw substrate on
xylanase production: A significant higher
xylanase activity was recorded with 0.8mm
particle size raw substrates in all the five isolates
with 0.5N alkaline pretreated raw substrates. Any

variation in particle size other than 0.8mm
affected the enzyme production in the present
study (Table 2a, 2b,  Fig. 2a-e).

Higher xylanase production by Aspergillus
sp.RSP-6 was observed in the medium
containing 2.8-1.4mm particle size of palm
material (31). Aspergillus fumigatus (MTCC
9372) was associated with maximum xylanase
production with 1.4-0.71mm particle size of wheat
bran (32).Palm kernel cake with the particle size
of 500µm and vegetable wastes of 1mm  was
the most effective in producing higher cellulase
activity by Bacillus sp (33). Maximum alkaline
protease production was reported by Bacillus sp.
with 1.4-1.0mm particle size of green gram husk
(34). Xylanase production by Aspergillus
fumigatus AR1 in alkaline medium containing low
cost substrates i.e. corn cob, baggase, rice straw,
wheat straw and wheat bran was studied.
Maximum xylanase was produced from rice straw
(30U/ml). While wheat bran and baggase
recorded low level (17U/ml) of xylanase
production(35). Similarly, Aspergillus terrus also
produced xylanase on various lignocellulosic
substrates i.e. wheat bran, sugarcane baggase,
soybean hull and rice straw. Maximum xylanase
activity was observed with wheat bran (21.2 IU/
ml) and minimum with sugarcane baggase (3.5
IU/ml). Soybean hull and rice straw showed 6.2
IU/ml and 10.5 IU/ml (36). Thermotolerant
Emericella nidulans NK-62, isolated from bird
nesting material exhibited maximum production
of xylanase (362 IU/ml) with wheat bran and
minimum with meal of groundnut shells (37).
Highest xylanase production i.e (70 IU/mL) was
recorded with corn cob as agricultural residues
by Aspergillus terreus NRRL 1960 (38). 141.7,
38.0 and 31.2 units/ml xylanase activity was
recorded by Malbranchaea sp., Aspergillus terrus
and Emericella nidulans var.lata using 2% corn
cob (39).

Conclusions
The results obtained from the present study

indicates that the production of xylanase can be
increased and made cost effective by using 0.5N

Fig. 2(d): Effect of particle size of 0.5N NaOH treated
raw substrates on xylanase production

Fig. 2(e): Effect of particle size of 0.5N NaOH
treated raw substrates on xylanase production
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NaOH pretreated and 0.8mm particle size of raw
substrates in Chrysosporium tropicum,
Malbranchaea sp, Aspergillus fumigatus,
Aspergillus terrus and Emericella nidulans. The
xylanase produced by these fungal isolates may
be further assessed for industrial exploitation.
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Abstract
The genus Streptococcus is comprised of

a wide variety of both commensal and pathogenic
gram-positive bacteria which are found to exhibit
a wide range of hosts, including humans, horses,
pigs and cows. Streptococcal infections can
cause a wide range of diseases from mild
infections to sever. Repeated infection results in
the non-suppurative sequelae, acute rheumatic
fever, and acute glomerulonephritis.
Streptococcus remains sensitive to the antibiotic
penicillin which can be administered as a means
to treat infection or as prophylaxis. Rheumatic
fever and rheumatic heart disease continue to
ravage millions of people around the world.
Children and adolescents of the developing
countries are especially susceptible to this
disease. The aim of this study is to assess the
effect of invasive Streptococcal infection with an
objective to determine the prevalence of 
streptococcal infection in school children of 5-15
years of age in Tripura, North Eastern part of
India. From September 2012 - February 2013, a
study was conducted on prospective population-
based laboratory surveillance of Tripura school
children with isolation of Streptococci from throat
swab examination of both pharyngitis and non –
pharyngitis cases. Throat swabs were collected
from 1165 school children, randomly selected
from 3 districts of Tripura. These swabs were
cultured on blood agar and Mac Conkey plates.
Out of 1165 swabs, 43 were alpha haemolytic, 4
were Grp. G (Streptococcus dysgalactiae subsp.

equisimilis) and 1063 were of different types than
streptococcus. The study present the results of
the first prospective surveillance study of
Streptococcal infections in north eastern part of
India.

Keywords: Acute rheumatic fever, Rheumatic
heart disease, Impetigo; Pharyngitis, Post-
streptococcal Glomerulonephritis

Introduction
A large genus of spherical or ovoid bacteria

that are characteristically arranged in pairs or in
chains resembling strings of beads. Many of the
streptococci that constitute part of the normal
flora of the mouth, throat, intestine, and skin are
harmless commensal forms; other streptococci
are highly pathogenic. The cells are gram-positive
and can grow either anaerobically or aerobically,
as they do not require oxygen for  metabolic
reactions.

The group of β-hemolytic streptococci
cause a wide spectrum of clinical diseases.
Pharyngitis and associated complications are the
most common clinical presentations for group A
streptococci (GAS). Invasive GAS infections
have increased world-wide during the past
decade despite the organism remaining sensitive
to penicillin and other commonly used Beta
lactam antibiotics  (1,2)  Group B streptococci
(GBS) are a leading cause of infection in
neonates and pregnant women and have also
been recognised as a cause of invasive diseases
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in children and non-pregnant females  (2, 3).
Group C (GCS) and group G (GGS) streptococci
are commensals of the pharynx, skin,
gastrointestinal tract and female genital tract; the
‘large colony’-forming strains resemble GAS in
terms of their virulence (2).

Streptococcal (strep) infections are
communicable diseases that develop when
bacteria normally found on the skin or in the
intestines, mouth, nose, reproductive tract, or
urinary tract invade other parts of the body and
contaminate blood or tissue. In the last decade,
there has been an increase in reports of serious
streptococcal infections worldwide (4).Strep
infections are an occupational disease of school
children between the ages of 5 and 15.

Streptococcal infections with an estimated
death rate of over 500,000 individuals/year place
GAS among major human pathogens, exceeded
by HIV, Mycobacterium tuberculosis,
Plasmodium falciparum and S. Pneumoniae and
probably comparable to rotavirus, measles,
Haemophilus influenzae type  b (Hib), and
Hepatitis B (5, 6).

Autoimmune response to infection with
group A streptococcus is actually resulted into
Rheumatic fever. Although the acute illness
causes considerable morbidity, and some
mortality, the major clinical and public health
effects derive from long-term damage to the heart
valves, i.e., rheumatic heart disease (RHD). Over
the past century, as living conditions have
become more hygienic and less crowded, and
nutrition and access to medical care have
improved, acute rheumatic fever (ARF) and RHD
have become rare in developed countries. But,
rheumatic fever/ rheumatic heart disease is the
commonest cardiac disease in children and
young adults and remains a major public health
problem in developing countries (7).

GAS infection causes a substantial number
of illnesses and deaths, especially in the
developing world, withH” 500,000 deaths
worldwide annually, attributable mostly to ARF
and its sequelae, rheumatic heart disease, and

invasive infection (8). The epidemiology of
rheumatic fever (RF) is linked with that of Group
A beta-haemolytic streptococcal pharyngitis; both
have a maximum incidence in the age group of
5 – 15 years (9).

Recently worldwide population based data
has been reviewed to estimate the burden of GAS
diseases and highlighted deficiencies in the
available data (10). According to WHO, at least
15.6 million people have RHD. Out of the 5,
00,000 individuals who acquire ARF every year,
3,00,000 go on to develop RHD; and 2,33,000
deaths annually are attributable to ARF or RHD
(11). The greatest burden in streptococcal
diseases is due to RHD, with a prevalence of at
least 15.6 million cases, with 2, 82,000 new cases
and 2, 33,000 deaths each year (8). It is
estimated that approximately 600,000 children
less than 15 years of age are currently suffering
from chronic rheumatic heart disease, and that
approximately 121,000 children are newly
diagnosed with acute rheumatic fever every year.

During the past two decades, ARF/RHD
has become uncommon health problems in
developed countries. However, in third world
countries such as India, the middle-east, sub-
Saharan Africa, RF remains the leading cause
of heart disease in children and young adults (12).
In India, the disease burden of streptococcal
infections is considerable (13). Prevalence of
rheumatic heart disease and pharyngitis in India,
varies from 1 to 5.4/1,000 (14) and 4.2% to
13.7%, (15, 16) school-age children respectively,
which is comparable to the rates reported from
developed countries (17). Streptococcus
pyogenes pharyngitis has a high prevalence in
North India (18), whereas pyoderma is more
frequent in South India (19). In light of invasive
infection, this is a completely neglected field in
India and the only data available in the literature
is one retrospective study of invasive β-hemolytic
streptococcal infections (20).  There are
considerable socio-economic losses due to high
cardiovascular mortality and morbidity of Indian
population (21). Incidence of streptococcal
pharyngitis has been reported to be 8-18
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episodes per week per 1000 children in the age
group of 5-15 years in India. Clinical scoring card
for diagnosis of Group A Streptococcal sore throat
was developed (22). For the last 20 years, in India
various research programmes have been carried
out at different centres mostly by ICMR and a
few by WHO (23). Padmavati, in 1995 examined
the status of RF & RHD in India with reference to
both prevalence and incidence based on the last
10 years data and showed RHD in 1 to 5.4/1000
and RF in 0.3-0.5/1000 children. Recently the
burden of group A streptococcal disease in India
was addressed and treatment options
standardized by the World Health Organization
was also discussed (13).

Streptococcal infections are extremely
common due to the overall susceptibility of these
organisms to antibiotics, especially penicillin.
While infections caused by the Lancefield group
A streptococcus (GAS or Streptococcus
pyogenes) have dominated the streptococcal
medical literature, Lancefield groups C and G
share many microbiologic and clinical
characteristics with GAS (24). Work in the early
20th century described S. pyogenes as an
exclusively human pathogen and detailed the
frequency of carriers and the most characteristic
infections (25). The pioneering work of Rebecca
Lancefield led to the identification of a number
of groups of streptococci including A, C and G,
producing haemolysis on sheep blood agar,
exhibiting different biochemical properties and
isolated from a variety of animal species (26).
Classification methods based upon the
Lancefield methodology were established soon
thereafter (27).

Among this diverse group, the group C and
group G streptococci have assumed more
important clinical roles. For a number of reasons,
they can be considered together, separate from
other members of the genus Streptococcus.
Although less extensively studied, groups C and
G streptococci are now appreciated to produce
infections quite similar to GAS although they
more commonly cause opportunistic and
nosocomial infections than GAS. No. of recent

reports have described their association with
streptococcal syndromes generally caused by
GAS such as streptococcal toxic shock
syndrome (STSS) (28) and acute rheumatic fever
(ARF) (29). This assumes significance in
countries like India where ARF continues to be a
major health problem.

 β-hemolytic streptococcus belonging to
Group G (Streptococcus dysgalactiae subsp.
Equisimilis) has attracted attention as possible
etiological agents of pharyngitis and post-
streptococcal sequelae.  Normally present on the
skin, in the mouth and throat, and in the intestines
and genital tract, Group G Streptococcus (GGS)
is most likely to lead to infection in alcoholics and
in people who have cancer, diabetes mellitus,
rheumatoid arthritis and other conditions that
suppress immune-system activity.

Till date, no report is available in Tripura
about the streptococcal infection in school
children; hence the present study was designed
to study the prevalence of β-hemolytic
Streptococcal infection among School children
in Tripura, North Eastern part of India. This study
also provides an opportunity to establish the
direction of further investigations and to focus
interventions in Tripura.

Materials and Methods
Present study was conducted after the

clearance of institutional ethical committee (IET)
of Agartala Govt. Medical College and G. B. P
Hospital, Agartala. Cross sectional prospective
study was conducted to find out the GAS isolates
in Tripura, north eastern part of India at Agartala
Govt. Medical College and G. B. P Hospital,
Agartala. The school children of  5-15 years age
group in different schools from 3 districts of
Tripura were considered for the study. Besides,
patients were not included those who have taken
antibiotics prior to this programme. In aseptic
condition, throat swabs were collected in
duplicate using torch light under direct vision and
with the aid of a tongue depressor. Swabs were
rubbed quickly but thoroughly over both tonsils
and tonsillar fossae. Since the sites of collection

Prevalence of β-haemolytic Streptocoocal infection
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were not very far from the microbiology laboratory
so within two hours collected samples were
transported to the lab at room temperature.

Sample processing - Two types of plates were
used for culturing the sample; Blood agar  and
Mac Conkey. Blood agar plates were kept in
candle jar to have microaerophilic condition
whereas the  Mac Conkey plates were allowed
to incubate for 24-48 hours at 37°C.

After 24-48 hours incubation, bacterial
colonies grown on blood agar plates showing
beta haemolytic colonies were further processed
from the mixed colony and incubate at the same
atmosphere for 24 hours. Following day Gram
staining was prepared from the suspected beta
haemolytic colonies and catalase test was also

performed for further confirmation. Based on the
gram staining reaction and catalase test result,
grouping was performed with the help of Streptex
kit.

Streptococcal Grouping : Streptex agglutina-
tion was carried out on colonies from purity
plates. The extraction enzyme provided in the
Streptex kit was reconstituted by the addition of
11 ml sterile distilled water and was stored at
4°C. With cultures from solid media, colonies
were suspended in 4 ml extraction enzyme and
incubated at 37°C for 1 hr. The enzyme extract
was used for agglutination reactions without any
centrifugation. One drop of extract was added to
one drop of each of the latex particles coated
with group-specific immunoglobulin to groups A,
B, C, D, F and G on the clean glass grouping
tiles provided. After thorough mixing, the tile was
rocked gently for a maximum of one minute and
then the agglutination pattern was read. Where
agglutination was weak or occurred with more
than one latex suspension the test was repeated
using the extraction enzyme alone in parallel with
the extract (30).

The number of positive throat swabs were
then analyzed and represented in tabular form.
As a part of external quality control, the methods
and materials were supervised by expert of PGI,
Chandigarh within our study period.

Fig. 1.  Mac Conkey Plate

 Fig. 3. Streptococcal colonies shown on Blood
Agar Plate

Fig. 2.  Plates kept in Candle Jar
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Fig. 4. Grouping of β-haemolytic colonies through Streptex Kit

   Fig. 5. Distribution of Cases from September, 2012 to February 2013

Prevalence of β-haemolytic Streptocoocal infection



886Current Trends in Biotechnology and Pharmacy
Vol. 7 (4) 881-889 October 2013, ISSN 0973-8916 (Print), 2230-7303 (Online)

Results and Discussion
In the present study, 1165 throat swabs

were randomly collected from school children of
3 districts of Tripura within a 6 months’ time
period.  Socio demographic profile of the study
subjects evaluated on the basis of sex, age and
religion which is shown in the figure 5. Out of
1165 throat swabs, female children were more
(608) in comparison to male (508). Whereas, 10-
15 yrs children were much higher in number
(1033) as compared to 5-10 yrs. children (146).
So far religion is concerned, number of Hindu
children were maximum as compared to Muslim
and Christian. In the following figure 5, school
children were more from urban area (34) than
rural (2). Within same time period, 30 Govt.
Schools were visited.

Laboratory investigation reports
Out of 1165 throat swabs cultured, 52 cases

were with no growth observed in blood agar.
Mixed bacterial colonies were present in Mac
Conkey. Out of total cultured samples (1165) 91.
24% cases exhibited different types of bacteria
other than Streptococcus. Whereas, 3.94%
cases exhibited Alpha haemolytic and 0.34 %
exhibited with Beta haemolytic (GGS). The
results of throat swab cultures were shown in
table 1.

Streptex kit analysis of 4 haemolytic
colonies showed only the presence of group G.

Table 1.  Result of Throat Swab Examination in
   blood agar

Month Beta Alpha Bacteria No
HemolyticHemolytic other than   Growth

 Streptococcus

Sept,2012 0 4 148 10
Oct,2012 0 6 766 34
Nov,2012 0 5 213 8
Dec,2012 0 11 294 0
Jan,2013 0 19 228 0
Feb,2013 4 (Group G) 1 104 0

Total 4 46 1063 52

Out of these 4 cases, 3 were males and one was
female.

In our study, carriage rate of Group G
Streptococcus (GGS) was higher in males than
females. In case of age group, GGS infection
was high in the age group of 11 years. Similar
studies were conducted in various part of the
world with similar findings. In the present study,
though GAS was not found but the carriage rate
in GGS (Group G Streptococcus) was higher in
boys (75 %) than girls (25 %) which were similar
to other reports (31,32). Age has been found to
be an important factor in the microbiological
etiology of pharyngitis, the peak incidence of GAS
pharyngitis occurring in children aged 5–10 years
(33). In the present study, the Group G
Streptococcal infection was higher in 10 – 15 yrs.
age group. All the 4 cases of Group G found in
this study were of 11 yrs. and of more than 11
yrs. which was similar to other reports (33, 34).
In Varanasi (India), the prevalence of beta-
haemolytic streptococcal sore throat was 13.6%
in a rural area (35). In our study, though GAS
could not be isolated but the carriage rate in GGS
was predominant in urban area (80 %).

The variations in the carriage rates among
different schools in the same village may be
explained on the basis of the location which was
studied (36). Location wise present study
revealed higher rate in govt. school (92 %) than
private school (8 %).

Throat cultures have always been
considered as the “gold standard” for diagnosing
the presence of GAS (37). The healthy carriers
of GAS  are  the  sources  of  a  bacterial
dissemination and they are able to communicate
the disease and even lead to severe epidemics
(31).  Different studies reported that, GAS is seen
more in the pharynges of children as compared
to that in adults (31). In the present study, there
is a complete absence of Group A Streptococci
among the school going children (5-15 yrs.) within
the period of 6 months.  Early use of antibiotics
may be one of the factors for complete
disappearance of group A Streptococcus in this
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area. The prevalence of beta-haemolytic
Streptococcus in healthy individuals in different
parts of India has been reported ranging between
11.2-34% (33). Various studies were conducted
in different parts of South India like Vellore, South
India – 2.3% (1977) (15), Chennai, South India -
5.2 %  (2005)  and 8.4 % (2006)  (38,39),
Coimbatore, S.India – 5.09 % (2012) (40)  and
4.  B.G. Nagara, Karnataka – 1.9% (2013) (41).
In Northern India, the incidences of sore throat
and GAS sore throat were-7.05 and 0.95
episodes per child/year (2001)  respectively (17).

In Japan, a case of neonatal toxic shock
syndrome due to S. dysgalactiae subsp.
Equisimilis was reported (28). Invasive infections
caused by this species are also increasingly seen
in Japan (42) while one case of necrotizing
fascitis and another case of toxic shock
syndrome were reported from Norway (43) Due
to these reasons, it is believed that GGS strains
may be involved in the pathogenesis of post-
streptococcal sequelae. Meanwhile, our study
was based on a relatively small sample size
within only 6 months time period. Hence it is
imperative to carry forward to further study in a
broader spectrum in different seasons to look for
the presence of seasonal variability. We should
explore the application of newer technologies to
isolate GAS from the study subject. The results
of the present study highlighted the importance
of regular surveillance programmes to keep the
Streptococcus infections and their carriage in
check. The children who were found to be carriers
could be adequately treated with antibiotics. This
would further facilitate the control and the
development of non-suppurative sequelae such
as acute rheumatic fever and post streptococcal
glomerulonephritis, which are debilitating and
difficult to treat.
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 Effect of using two NSAIDs with different solubility

Abstract
Different non-steroidal anti- inflammatory

drugs (NSAIDs) are present in the market with
different properties. Two NSAIDs with different
solubilities have been selected to study the effect
of freeze drying technology on them.
Aceclofenac, a water insoluble NSAID, and
Diclofenac Potassium, a water soluble NSAID,
were taken as candidates for enhancement of
in-vitro dissolution and in-vivo bioavailability;
through formulation of orally disintegrating tablet
using freeze drying technology.  An aqueous
dispersion of Aceclofenac (or Diclofenac
Potassium), matrix former, filler (sugar alcohol),
and an anti-collapse was adopted to prepare
freeze dried tablet formulations. The tablets were
evaluated compendial (uniformity of weight,
uniformity of content, friability, in-vitro
disintegration time and in-vitro dissolution) and
non-compendial (wetting time and in-vivo
disintegration time). The compendial results
showed that both freeze dried tablet formulations
of Aceclofenac and also Diclofenac Potassium
disintegrated within few seconds and showed
significantly faster dissolution rate in comparison
with both immediate release tablet formulae
Aceclofenac tablet (Bristaflam®) and Diclofenac
Potassium tablet (Cataflam®). In-vivo evaluation
for the best chosen Aceclofenac and Diclofenac
Potassium ODT formulations (LA#10) and
(LD#11), respectively was done for determination
of the drug pharmacokinetics in comparison with
the immediate release tablet formulations. A

randomized crossover design was adopted in the
comparative bioavailability study done on four
healthy volunteers. Statistical analysis revealed
significant difference between the Bristaflam
immediate release tablet and Aceclofenac ODT
(LA#10) regarding the following pharmacokinetic
parameters: C

max
, T

max
, t

1/2
, AUC

(0-24)
, AUC

(0-”)

(p<0.05); while insignificant difference regarding
mean residence time (MRT) (p>0.05). The
relative bioavailability of the Aceclofenac ODT
(LA# 10) was 186.12% relative to the IR tablet
(Bristaflam®) taken as reference standard.
However, statistical analysis revealed significant
difference between the Cataflam immediate
release tablet and Diclofenac Potassium ODT
(LD#11) regarding the following pharmacokinetic
parameters: C

max
 and T

max
 (p<0.05); while

insignificant difference regarding t
1/2

, AUC
(0-12)

,
AUC

(0-”)
, and mean residence time (MRT)

(p>0.05). The relative bioavailability of the
Diclofenac Potassium ODT (LD#11) was
101.09% relative to the immediate release tablet
(Cataflam®) taken as reference product. Though
a significant decrease in the time of onset of
action; however no significant increase in the
relative bioavailability was observed. Though,
both drugs showed increased rate of absorption,
however the insoluble NSAID (Aceclofenac)
showed higher bioavailability than the soluble
NSAID (Diclofenac Potassium). The impact of
the relative solubility factor was highly significant
on the bioavailability though using the same
technology.

 The effect of using two NSAIDs with different solubility
on freeze drying technology

Mohamed Aly Abd El Aziz Aly El Degwy1, Saydia Tayel2, Mohamed A. El Nabarawi2 and
Randa Tag A. El Rehem2

1Mepaco Pharmaceutical Company, Egypt
2Faculty of Pharmacy-Cairo University, Cairo, Egypt

*For Correspondence - nabrwima@hotmail.com



891Current Trends in Biotechnology and Pharmacy
Vol. 7 (4) 890-903 October 2013, ISSN 0973-8916 (Print), 2230-7303 (Online)

Mohamed Aly Abd  et al

Keywords: ODT, Lyophilization, Diclofenac
potassium, Aceclofenac, Bioavailability

Introduction
Recently, different orally disintegrating

tablets technologies have had an increasing
interest in the field of pharmaceutical
applications. ODTs offer an advantage for
populations having dysphagia (difficulty in
swallowing). Dysphagia is common among all
age especially with pediatric, geriatric,
institutionalized patients and patients with
nausea, vomiting, and motion sickness
complications (1 and 2).   ODTs, with good taste
and flavor, increase the compliance of bitter drugs
and overcome difficulty in swallowing by pediatric
and geriatric patients (3). Although the increase
of average human life span; however geriatrics
develop a higher risk of chronic diseases
accompanied by different pains. The use of fast
acting dosage forms with high bioavailability of
drugs especially as Non steroidal anti-
inflammatory drug (NSAIDs) for pain relieving
would be highly favored. The most effective
technology for preparation of ODTs was freeze
drying (lyophilization). Two model NSAIDs,
derivatives of the same molecular group, with
different aqueous solubility were chosen to study
the effect of the difference of drug solubility on
lyophilization efficacy.  Aceclofenac is poorly
water-soluble NSAID having poor bioavailability.
Aceclofenac shows high anti-inflammatory,
antipyretic and analgesic activity with moderate
incidence of gastric side effects and a high
therapeutic index (4). Aceclofenac is largely
eliminated via first pass effect; therefore,
Aceclofenac ODT that is absorbed through the
oral cavity directly to the systemic circulation may
result in an increase in drug bioavailability
together with rapid onset of action (5). Similarly,
Diclofenac Potassium, water soluble NSAID, that
is highly subjected to first pass metabolism made
it a candidate to increase onset of action and
enhance its bioavailability with lower adverse
effects through pre-gastric absorption from the
mouth, pharynx and oesophagus (6). This would
result in a rapid onset of action via a more

comfortable and convenient delivery route than
the intravenous route.

Materials and Methods
Material:  Aceclofenac and Diclofenac Potassium
were supplied by Sinochem, China. Mannitol was
supplied by SPI Pharma Inc, USA. Lactose was
supplied by Meggle GmbH, Germany.
Maltodextrin was supplied by Grain Processing
Corp., USA. Gelatin, glycine, sodium chloride and
potassium chloride were received from Adwic,
El-Nasr Pharmaceutical Chemicals Co., Egypt.
The water used was distilled deionized water. All
other chemicals were reagent grade and used
as received. Bristaflam® 100 mg tablet (Bristol
Myers Squibb, Egypt) and Cataflam® 50 mg tablet
(Novartis, Egypt) were used as a reference tablet
in in-vivo studies.

Preparation of ODTs:  Both Aceclofenac and
Diclofenac Potassium ODTs were prepared using
three different types of matrix formers (gelatin,
hydroxypropylcellulose or xanthan gum) at three
different concentrations (1%, 3% and 5% w/v),
three different fillers (lactose monohydrate,
mannitol or maltodextrin) (at a concentration of
2% w/v); together with 2% w/v glycine as an anti-
collapse as shown in Table (1). Different trials
were performed to choose the optimum
percentage of fillers and anti-collapse that had
attained sufficiently strong tablet that could be
handled. The matrix former was dissolved in
distilled water at 40°C; followed by dissolving the
filler and glycine. An accurately weighed amount
of Aceclofenac or Diclofenac Potassium powder
was dispersed in the prepared aqueous solution
using a magnetic stirrer to result in a dose of
100 mg  & 50 mg per ml for Aceclofenac and
Diclofenac Potassium; respectively. One milliliter
of the suspension was then poured in each
pocket of a PVC blister pack with a diameter of
13 mm and a depth of 3 mm. The tablet blister
packs were kept in a freezer at -22°C for 24
hours. The frozen tablets were freeze dried for
24 hours using a Novalyphe-NL500 Freeze Dryer
with a condenser temperature of -45°C and a
pressure of 7 x 10-2 mbar. The formulations were
evaluated compendial and non-compendial. The
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prepared ODTs were kept in tightly closed
containers in desiccators over calcium chloride
(0% relative humidity) at room temperature until
further use.

Characterization of ODTs
Uniformity of Weight:  Twenty tablets from each
formula were weighed individually and the mean
tablet weight was calculated. Results are
presented as mean value ± (SD) (7).

Uniformity of content:  Ten tablets from each
formula were assayed individually for drug
content uniformity. The drug in ODTs was
assayed by dissolving each tablet in 250 ml
simulated saliva fluid (pH = 6.8). The solution
was then filtered, properly diluted, and the
absorbance was spectrophotometrically
measured at λ

max
 = 276 nm and 282 nm for

Aceclofenac and Diclofenac Potassium;
respectively. Each individual tablet contents must
be between 85-115% of the average content and
the tablet formula fails to comply with the test if
more than one individual tablet content is outside
these limits or if one individual content is outside
the limits of 75-125% of the average content.

Tablet friability:  Twenty tablets from each
formula were weighed accurately and placed in
the drum of friabilator (Erweka type, GmbH,
Germany). The tablets were rotated at 25 rpm
for a period of 4 min and then removed, de-
dusted and accurately re-weighed. The
percentage loss in weight was calculated and
taken as a measure of friability (8).

In-vitro Disintegration Time:  The disintegration
times of six tablets placed in distilled water kept
at 37 ± 0.5ºC using a ZT3-3 disintegration tester
(Erweka, Germany) were determined. A digital
stopwatch was used to measure the
disintegration time to the nearest second. Only
one ODT was analyzed at a time in order to
ensure accuracy. All results are presented as
mean value ± SD (n=6) (9).

In-vivo Disintegration Time:  The in-vivo
disintegration time of each formulation was
evaluated in four human volunteers after giving

written consent. The volunteers had no history
of hypersensitivity to NSAIDs. Prior to the test,
all volunteers were asked to rinse their mouth
with distilled water. Each of the four subjects was
given a coded tablet. Tablets were placed on the
tongue and the time was recorded immediately.
They were allowed to move the tablet against
the upper palate of the mouth with their tongue
and to cause a gentle tumbling action on the
tablet without biting it. After the last noticeable
mass had disintegrated, the time was recorded.
The subjects were asked to spit out the content
of the oral cavity after tablet disintegration and
rinse their mouth with distilled water. The
swallowing of saliva was prohibited during the
test, and also saliva was rinsed from the mouth
after each measurement. The test results are
presented as mean value ± SD (10).

Wetting Time: Ten milliliters of distilled water
containing eosin, a water-soluble dye was placed
in a Petri dish of 10 cm diameter. Tablets were
carefully placed in the centre of the Petri dish
and the time required for water to reach the upper
surface of the tablet was noted as the wetting
time. The test results are presented as mean
value of three determinations ± SD (11).

In-vitro Dissolution Studies:  The dissolution
profiles of Aceclofenac (or Diclofenac Potassium)
ODTs were determined in a dissolution tester
(Erweka DT-700 Dissolution Tester, Germany)
following the USP paddle method. All tests were
conducted in 900 ml simulated saliva fluid without
enzymes (SSF) at pH = 6.8. The dissolution
medium was maintained at a temperature of 37
± 0.5°C with a paddle rotation speed at 50 rpm.
The amount of drug used was equivalent to 100
mg. At specified time intervals (1, 2, 5, 7, 10, 15
and 30 min), 3 ml of dissolution medium was
withdrawn and replaced with an equal volume of
fresh medium to maintain a constant total volume.
Samples were filtered through 0.45 μm Millipore
filter and assayed for drug content
spectrophotometrically at 276 nm and 282 nm
for Aceclofenac and Diclofenac Potassium;
respectively, after appropriate dilution.
Cumulative amount of drug dissolved in the
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preparations was calculated using calibration
equation. Dissolution tests were performed in six
vessels per formulation (n = 6).

In-vivo Absorption Studies
Subject Population:  Four healthy male
volunteers (ages between 25 - 35 years; mean
age, 27 ± 1.7 years) participated in the study. All
were within 10% of their ideal body weights
(weights, 72 - 95 kg; mean weight 89 ± 14.1 kg
and heights, 165 - 179 cm, mean height, 172 ±
6.8 cm). Health status of the volunteers was
confirmed by complete medical history, physical
examination and laboratory analysis for complete
hematological and biochemical examination. The
volunteers did not take any drugs for one week
before and during the course of the study. No
smoking was allowed 12 hours before and 24
hours after drug intake. On each test day, coffee,
tea, and cola beverages were withheld from
subjects 12 hours before the administration and
till the blood sampling was completed. Each
subject read, understood, and signed an
informed written consent. All subjects were
informed about the risks and objectives of the
study.

Study Design:  The study was performed to
compare the pharmacokinetics of Aceclofenac
100 mg ODT formula (LA#10) and the reference,
Bristaflam® 100 mg tablet and Diclofenac
Potassium 50 mg ODT formula (LD#11) and the
reference, Cataflam® 50 mg tablet using non-
blind, two treatments, two periods, randomized
cross over design. Under this design half of the
subjects were given the immediate release
treatment first and the ODT treatment second
and the other half were given the treatments in
the opposite order. The study was approved by
the Research Ethics Committee at Faculty of
Pharmacy, Cairo University. After an overnight
fast, the subjects were present in the facility at 7
am of the day of study and remained under
controlled dietary and liquid intake until the end
of the study day. No food was allowed for four
hours after dosing. The washout period was one
week. The subjects were under medical
supervision during the study and were observed

for any adverse events. The ODT was
administered orally without water, and each
subject was asked to keep the ODT in the mouth
for few minutes until completely dissolved in the
saliva, then water was allowed after 30 minutes
(Treatment A). The immediate release tablet,
Bristaflam® 100 mg tablet or Cataflam® 50 mg
tablet was ingested with 200 ml of water
(Treatment B); for Aceclofenac and Diclofenac
Potassium; respectively.

Collection of blood samples
Aceclofenac sampling:  Venous blood samples
were collected in heparinized glass tubes at 0,
15, 30 minutes, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12 and
24 hours after administration of the Aceclofenac
ODT and Bristaflam tablet.

Diclofenac Potassium sampling:  Venous
blood samples were collected in heparinized
glass tubes at 0, 5, 10, 15, 30, 45 minutes, 1,
1.5, 2, 2.5, 3, 4, 6, 8, 10 and 12 hours after
administration of the Diclofenac Potassium ODT
and Cataflam tablet. All the samples were
collected; then the plasma was immediately
separated from the blood cells by centrifugation
at 6000 rpm for 10 minutes and stored at -20°C
until analysis.

Analytical procedure for determination of
drug in plasma

Aceclofenac Assay Method Description and
Chromato-graphic conditions:  A simple, rapid,
and specific HPLC method for Aceclofenac in
human plasma has been developed. The analysis
was done on Shimadzu LC Prominence 20
connected with PDA detector; using column ODS
3, Prodigy, (250 x 4.6 mm, 5 µm). The mobile
phase was isocratic consisted of acetonitrile:
methanol: 50 mM potassium dihydrogen
phosphate buffer, in ratio of (30:30:40 v/v) and
was delivered to the system at a flow rate of 1.5
ml/min, with an injection volume of 20 µl and the
detection wavelength (p 

max
) was 275 nm.

Oxazepam was used as internal standard. All
assays were performed at ambient conditions.
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Preparation of stock and working standard
solution:  Stock solution of Oxazepam (internal
standard) solution was prepared by dissolving 50
mg of Oxazepam in 100 ml acetonitrile; then
sonication for 5 minutes (500 µg/ml). The working
internal standard was prepared on each day of
analysis by diluting the stock solution to contain
(5 µg/ml). Stock solution of Aceclofenac was
prepared by dissolving 50 mg Aceclofenac in 100
ml acetonitrile; then sonication for 5 minutes (500
µg/ml). The working solution was prepared on
each day of analysis by diluting the stock solution
with a mixture of (Acetonitrile : Water [1:1]) to
give serial dilutions containing 0.5, 1, 2, 3, 4, 5
and 7 µg/ml of Aceclofenac; which were shaken
well and filtered over 0.45 µm syringe filter and
injected onto HPLC.

Plasma sample preparation for determination
of Aceclofenac:  The extraction procedure was
applied in the preparation of plasma samples and
standards, where 1 ml of each human plasma
was transferred into 15 ml tube fitted with
polyethylene cap. 1 ml of internal standard
working solution and 1 ml acetonitrile were
added. The mixture was vortexed for 2 minutes
and centrifuged at 6000 rpm for 30 minutes. The
upper layer was transferred to another tube and
filtered through 0.45 µm syringe filter. A 20 µl
volume of the supernatant was injected onto the
HPLC column.  Concentrations of Aceclofenac
in unknown samples were calculated with
reference to the prepared calibration curve.
Retention time of Aceclofenac was 5.8 minutes.

Preparation of in-vivo standard calibration
curve:  For calibration curve, plasma standards
were prepared by spiking 1 ml of blank plasma
with 1 ml of the internal standard working solution
and appropriate volumes of Aceclofenac working
solution to produce concentrations ranging from
(0.25, 0.5, 2, 4, 6, 8, 10µg/ml). The spiked plasma
standards were processes as described above.
The calibration curve was obtained by plotting
chromatographic peak area ratios (Aceclofenac/
Oxazepam) against the corresponding nominal
Aceclofenac concentration added. Samples were
prepared and injected on the same day.

Diclofenac Potassium
Assay Method Description and Chromato-
graphic conditions:  A simple, rapid, and
specific HPLC method for Diclofenac Potassium
in human plasma has been developed. The
analysis was performed on Shimadzu LC
Prominence 20 connected with PDA detector;
using mixed column ODS/Cyano; ACE, (100 x
4.6 mm, 5 µm). The mobile phase was isocratic
consisted of Methanol: 50 mM potassium
dihydrogen phosphate buffer, in ratio of (50 : 50
v/v) and was delivered to the system at a flow
rate of 1.5 ml/min, with an injection volume of 20
µl and the detection wavelength was 280 nm.
Diazepam was used as internal standard. All
assays were performed at ambient conditions.

Preparation of stock and working standard
solution:  Stock solution of Diazepam (internal
standard) solution was prepared by dissolving 50
mg of Diazepam in 100 ml methanol; then
sonication for 5 minutes (500 µg/ml). The working
internal standard was prepared on each day of
analysis by diluting the stock solution to contain
(1.5 µg/ml). Stock solution of Diclofenac
Potassium was prepared by dissolving 50 mg
Diclofenac Potassium in 100 ml methanol; then
sonication for 5 minutes (500 µg/ml). The working
solution was prepared on each day of analysis
by diluting the stock solution with methanol to
give serial dilutions containing 0.25, 0.5, 1, 1.5,
2, 2.5, and 3 µg/ml of Diclofenac Potassium;
which were shaken well and filtered over 0.45
µm syringe filter and injected onto HPLC.

Plasma sample preparation for determination
of Diclofenac Potassium: The extraction
procedure was applied in the preparation of
plasma samples and standards; where 1 ml of
each human plasma was transferred into 15 ml
tube fitted with polyethylene cap. 1 ml of internal
standard working solution and 1 ml methanol
were added. The mixture was vortexed for 2
minutes and centrifuged at 6000 rpm for 30
minutes. The upper layer was transferred to
another tube and filtered through 0.45 µm syringe
filter. A 20 µl volume of the supernatant was
injected onto the HPLC column.  Concentrations
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of Diclofenac Potassium in unknown samples
were calculated, with reference to the prepared
calibration curve. Retention time of Diclofenac
Potassium was 6.6 minutes.

Preparation of in-vivo standard calibration
curve :  For calibration curve, plasma standards
were prepared by spiking 1 ml of blank plasma
with 1 ml of the internal standard working solution
and appropriate volumes of Diclofenac
Potassium working solution to produce
concentrations ranging from (0.25, 0.5, 1, 2, 3,
4, and 5 µg/ml). The spiked plasma standards
were processes as described above. The
calibration curve was obtained by plotting
chromatographic peak area ratios (Diclofenac
Potassium/Diazepam) against the corresponding
nominal Diclofenac Potassium concentration
added. Samples were prepared and injected on
the same day.

Sample calculation: The unknown sample
concentration was calculated from the following
formula:  C = [(R + Y) /S] Where C is drug
concentration (Aceclofenac or Diclofenac
Potassium), R is the peak area ratio (drug/internal
standard), S is the slope of the calibration curve
and Y is the Y-intercept.

Pharmacokinetics Calculations: Pharmaco-
kinetic parameters from plasma data following
administration of the two treatments were
estimated for each subject by using a computer
program, WinNonlin® software (version 1.5,
Scientific consulting, Inc., NC). The plasma
concentration – time data were evaluated, and
the following pharmacokinetic parameters were
calculated:

Cmax (μg/ml): it was determined as the
highest observed Aceclofenac (or Diclofenac
Potassium) concentration during the 24 hours
study.

T
max

 (hours); it was taken as the time at
which C

max
 occurred.

Ka (hours-1), it is the reciprocal of Tmax

AUC
0-t

 (ìg.hr/ml); was determined as the
area under the plasma concentration-time curve

up to the last measured time point calculated by
the trapezoidal rule.

AUC
0-”

 (ìg.hr/ml): it was determined as the
area under the plasma concentration – time curve
up to the last measured time point calculated by
the trapezoidal rule plus the residual area
calculated as the concentration of the last
measured time point divided by the elimination
rate constant. Where AUC

0-”
 = AUC

0-t
 + C

t
/k; and

C
t
 is the last measured concentration at the time

t, and k is the terminal elimination rate constant
estimated by log-linear regression analysis on
data visually assessed to be a terminal log-linear
phase.

t
1/2 

is apparent terminal half life and was
calculated as t

1/2 
= 0.693/k plasma half life.

MRT is the mean residence time and was
calculated AUMC/AUC

f
rel is the relative bioavailability and was

calculated as (AUC 
ODT

 / AUC 
IR

) X 100.

Statistical analysis of the pharmacokinetic
parameters : Statistical evaluation of C

max
, t

max
,

t
1/2, 

AUC
0-t

, and AUC
0-” 

data by one way ANOVA
statistical test using SPSS® 11 software (SPSS
Inc., Chicago).

Results and Discussion
Characterization of ODT Formulations -
Aceclofenac ODTs: All the tablet formulations
were within the acceptable weight variation and
content.  All formulations containing 3% and 5%
matrix former showed acceptable percentage
weight loss  (less than 1%) except (LA#11)
containing 3% hydroxypropylcellulose and
lactose. On the contrary, all the formulations
containing 3% xanthan gum and 1% matrix
former were friable. The decreased mechanical
properties of ODTs formulated with 1% matrix
former could be attributed to the fewer number
of crosslinks formed between the matrix former
strands as the concentration decreases. It was
reported that increasing the matrix former
concentration results in a more strong network
after freeze-drying due to increase in the number
of matrix fibers forming crosslinks resulting in an
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increase in the tablets hardness (12). Tablets
containing mannitol showed lower weight losses
compared to tablets formulated with lactose and
maltodextrin. This may be due to that mannitol
as filler produces a stiff mass that increase the
hardness of the freeze dried tablets (13). In-vitro
disintegration studies showed that ODTs
containing lactose and maltodextrin showed
longer disintegration times compared to ODTs
containing mannitol. This may be due to the
matrix forming effect of maltodextrin that
synergies the binding property of the matrix
former, so hindering the rate of disintegration (14
– 16). Although both mannitol and lactose have
same solubility in water; however lactose
dissolves at a slower rate than mannitol. The
more rapid disintegration rates of formulae
containing mannitol can be directly attributed to
its better solubility than lactose (17 & 18). ODTs
containing 5% matrix former showed longer
disintegration times compared to ODTs
containing 1% and 3% matrix former. These
results indicate that increasing the matrix former
concentration in the tablets results in the
formation of more cohesive and stable gels that
are less likely to break down or dissolve easily.
These results were confirmed by wetting time
results; where shorter wetting time is indicative
of the highly porous nature of the tablet matrix.
Also, in-vitro disintegration results correlated with
friability results. Results showed that in-vivo
disintegration times were shorter when compared
to corresponding in vitro disintegration times for
all formulations;  which may be due to the gentle
movement of the tablet in the mouth and hence
gentle mechanical stress on the tablet. This is in
accordance with the results obtained by Ciper
and Bodmeier (19).

Diclofenac Potassium ODTs : All the Diclofenac
Potassium formulations showed acceptable
weight variation and content uniformity. Friability
studies showed that tablets formulated with 3%
and 5% matrix former showed acceptable
percentage weight loss except all the
formulations containing 3% hydroxypropyl
cellulose and (LD#22) (containing mannitol and

5% hydroxypropylcellulose). On the other hand,
all tablets formulated with 1% matrix former were
friable except those containing 1% gelatin.  It was
also observed that the formulations with mannitol
showed lower weight losses compared to tablets
formulated with lactose and maltodextrin.  In-vitro
disintegration studies showed that ODTs
containing maltodextrin showed longer
disintegration times compared to ODTs
containing mannitol and lactose. This may be
attributed to the matrix forming effect of
maltodextrin that synergies the binding property
of the matrix former, so hindering the rate of
disintegration (14 - 16). ODTs prepared using 5%
matrix former showed statistically significantly
longer disintegration times compared to ODTs
prepared using 1% and 3% matrix former. These
results are further confirmed by wetting time
experiments in which tablets containing higher
matrix former concentration shows significantly
higher wetting times compared to tablets
containing of lower matrix former concentration.
Short wetting time is indicative of the highly
porous nature of the tablet matrix. In-vitro
disintegration results are also in accordance with
friability results in which harder tablets showed
longer disintegration times. Results show that in-
vivo disintegration times were shorter when
compared to corresponding in-vitro disintegration
times for all formulations.

In-vitro dissolution - Aceclofenac ODTs : From
the dissolution results as shown in table (4), it
was found that the Aceclofenac formulations
containing mannitol showed faster drug release
than the corresponding formulations containing
lactose; which in turn showed faster drug release
than the formulations containing maltodextrin.
Although both mannitol and lactose have same
solubility in water; however lactose dissolves at
a slower rate than mannitol. The more rapid
disintegration rates of formulations containing
mannitol can be directly attributed to its better
solubility than lactose (17 and 18). The
percentage of Aceclofenac dissolved in the first
five minutes was higher in case of presence of
gelatin than in case of presence of
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hydroxypropylcellulose; which in turn was higher
than in presence of xanthan gum at all
concentrations. Similar results were obtained by
Kimura et al (20), Imai et al (21) and Chono et al
(22), where gelatin enhanced the disintegration
and dissolution of the drugs. Increasing the
concentration of different matrix former
decreased the drug release. However, increasing
of the percentage of gelatin from 1% to 3% didn’t
affect the release profile, when used with
mannitol as filler, but decreased slightly with
lactose. Also, it decreased greatly when using
maltodextrin as filler, which may be due to the
matrix forming properties of maltodextrin.
Therefore, the best formulation from the
dissolution profile and compendial evaluation was
found to be (LA#10), containing mannitol and 3%
gelatin.

Diclofenac Potassium ODTs : As for Diclofenac
Potassium formulations as shown in table (5), it
was found that the ODTs containing lactose
showed faster drug release than the
corresponding formulations containing mannitol;
which in turn showed faster drug release than
the formulations containing maltodextrin. The
decrease in disintegration time may be attributed
to the increase of the drug wettability, which may
be due to conversion of the drug to amorphous
form and its solubilization due to hydrophilic
carrier (23). This may be attributed to a solid
dispersion of maltodextrin or lactose with the
soluble Diclofenac Potassium co-precipitated,
with a possible Milliard interaction that may have
occurred upon lyophilization to give a strong
matrix of low friability and high solubility.
However, in the presence of maltodextrin as a
filler; a major decrease in the drug release
occurred which may be due to its matrix former
properties. The percentage  of Diclofenac
Potassium dissolved in the first five minutes was
higher in case of presence of gelatin than in case
of presence of hydroxypropylcellulose; which in
turn was higher than in presence of xanthan gum
at all concentrations (20 - 22). Increasing the
percentage of different matrix former decreased
the drug release significantly. In case of

increasing of the concentration of gelatin as
matrix former from 1% to 3% didn’t affect the
release profile significantly; when used with
lactose and mannitol as fillers, however it
decreased greatly when using maltodextrin as
filler; this may be due to the matrix forming
properties of maltodextrin. Therefore, the best
formula from the dissolution profile and
compendial evaluation was found to be (LD#11),
containing lactose and 3% gelatin. The
percentage of Aceclofenac dissolved in all the
formulae was lower than the percentage of
Diclofenac Potassium dissolved in the
corresponding formulae containing the same
excipients; and this may be attributed to the
difference in solubility of Aceclofenac (insoluble)
from Diclofenac Potassium (soluble).

Assessment  of  Pharmacokinetic  Para-
meters : The study was completed by the four
volunteers who were included in the
pharmacokinetic analysis. The volunteers
tolerated very well the two treatments and did

Fig. 1. Relative Bioavailability of Aceclofenac ODT
versus Bristaflam Immediate Release Tablet

Fig. 2. Relative Bioavailability of Diclofenac Potassium
ODT versus Cataflam Immediate release tablet.
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not complain of any adverse effects during the
course of the study. No signs of GI disturbances
or allergic reactions were observed from any of
the volunteers during the study.

Aceclofenac : Significant difference was shown
between peak plasma concentration (C

max
, T

max
,

t
1/2

, K
a
, AUC

0-24
 and AUC

0-
) of Aceclofenac

Table 1. Composition of Aceclofenac and Diclofenac Potassium freeze dried formulae

following the administration of the ODT and
Bristaflam® tablets (ñ < 0.05); while insignificant
difference between their mean residence time
(p = 0.366). According to the mean plasma levels
of 4 subjects completing the study the relative
bioavailability (f rel) of the test formula was found
to be 186.12% based on the mean (AUC0- )
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 Table 2. Characterization of Aceclofenac freeze dried formulae

Formulae Friability Wetting In vitro- In vivo- Drug
 (%) time Disintegration Disintegration content (% ) **

(Seconds) *  time (Sec) * time (Sec) *

LA #1 4.78% 15 ± 1.34 10 ± 0.68 5 ± 0.64 92.8% ± 1.76
LA #2 10.825 23 ± 0.24 18 ± 0.74 12 ± 0.62 94.5% ± 1.46
LA #3 3.61% 28 ± 0.78 23 ± 1.24 16 ± 0.61 95.9% ±  1.43
LA #4 2.76% 100 ± 0.47 90 ± 0.68 80 ± 0.6 98.17% ± 1.64
LA #5 2.51% 112 ± 0.68 100 ± 0.67 92 ± 0.68 97.02% ± 1.27
LA #6 0.82% 28 ± 0.41 22 ± 1.34 17 ± 0.41 100.4% ± 1.98
LA #7 100% 30 ± 0.73 25 ± 0.24 20 ± 0.73 97.96% ± 3.17
LA #8 100% 37 ± 1.28 32 ± 0.78 27 ± 1.28 98.42% ± 2.35
LA #9 10.83% 46 ± 0.27 41 ± 0.47 36 ± 0.27 95.74% ± 1.40
LA #10 0.7% 112 ± 1.34 100 ± 0.00 88 ± 0.39 92.82% ± 1.46
LA #11 2.61% 200 ± 0.24 180 ± 0.00 160 ± 0.64 94.88% ± 2.68
LA #12 Zero 420 ± 0.78 409 ± 0.00 340 ± 0.62 103.6% ± 1.43
LA #13 0.9% 162 ± 0.47 145 ± 0.68 123 ± 0.61 93.37% ± 2.64
LA #14 0.91% 170 ± 0.41 152 ± 0.72 140 ± 0.6 97.82% ± 1.27
LA #15 0.71% 52 ± 0.73 44 ± 0.64 30 ± 0.68 100.2% ± 1.98
LA #16 23.65% 90 ± 1.28 80 ± 0.62 67 ± 0.41 104.99% ± 3.1
LA #17 20.21% 112 ± 0.27 100 ± 0.61 87 ± 0.73 92.49% ± 2.35
LA #18 5.23% 115 ± 0.39 100 ± 0.6 90 ± 1.28 100.74% ± 1.4
LA #19 Zero 165 ± 0.41 154 ± 0.68 130 ± 0.27 104.8% ± 1.76
LA #20 Zero 184 ± 0.73 175 ± 0.41 152 ± 0.39 92.54% ± 1.46
LA #21 Zero 522 ± 1.28 510 ± 0.73 495 ± 0.64 93.94% ± 1.94
LA #22 Zero 223 ± 0.27 210 ± 1.28 190 ± 0.62 97.76% ± 1.68
LA #23 Zero 234 ± 0.39 225 ± 0.27 210 ± 0.61 92.8% ± 1.75
LA #24 Zero 619 ± 0.41 600 ± 0.39 580 ± 0.6 103.1% ± 1.98
LA #25 Zero 764 ± 9.67 745 ± 8.91 730 ± 7.16 92.11% ± 2.98
LA #26 Zero 893 ± 7.23 755 ± 7.98 742 ± 9.67 94.38% ± 2.98
LA #27 Zero 932 ± 10.3 900 ± 9.79 880 ± 11.88 107.44% ± 2.9

     *   Data are mean values (n = 6) ± S.D
   **    Data are mean values (n = 10) ± S.D.

compared to that of the reference standard
product.

Diclofenac Potassium : Significant difference
was shown between peak plasma concentration
(C

max
, T

max
 and K

a
) of Diclofenac Potassium

following the administration of the ODT and
Cataflam® tablets (ñ<0.05); while insignificant
difference between their t

1/2
, AUC

0-12
, AUC

0-
 and

mean residence time (p>0.05). According to the

mean plasma levels of 4 subjects completing the
study the relative bioavailability (f

 rel
) of the test

formula was found to be 101.09% based on the
mean (AUC 

0-
) compared to that of the reference

standard reference.

Conclusion
Based on these results, it can be concluded

that the greater bioavailability obtained from
Aceclofenac ODT (LA# 10) may be attributed to
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Table 3. Characterization of the Diclofenac Potassium freeze dried formulae

Formulae      Friability Wetting In vitro-   In vivo- Drug
  (%) time   Disintegration    Disintegration      content (% ) **

   (Seconds) *    time (Sec) *     time (Sec) *

LD #1 0.9% 20 ± 1.34 15 ± 0.71 10 ± 0.68 103.82% ± 2.16
LD #2 1.21% 13 ± 0.24 10 ± 0.68 7 ± 0.81 93.55% ± 1.23
LD #3 0.72% 10 ± 0.78 5 ± 0.34 5 ± 0.73 92.76% ±  1.56
LD #4 100% 15 ± 0.47 10 ± 0.89 6 ± 1.28 94.67% ± 1.64
LD #5 100% 11 ± 1.23 7 ± 0.63 5 ± 1.27 91.28% ± 1.72
LD #6 100% 8 ± 1.34 5 ± 0.69 5 ± 1.39 106.1% ± 1.83
LD #7 10.51% 44 ± 0.24 40 ± 0.74 35 ± 0.64 93.99% ± 2.17
LD #8 10.23% 38 ± 0.78 35 ± 1.44 30 ± 0.62 95.49% ± 2.35
LD #9 7.23% 37 ± 0.47 30 ± 0.92 24 ± 0.68 97.92% ± 1.43
LD #10 Zero 37 ± 1.28 30 ± 0.67 23 ± 0.41 98.82% ± 1.59
LD #11 Zero 28 ± 1.27 23 ± 0.94 18 ± 0.73 93.98% ± 2.38
LD #12 Zero 21 ± 1.39 14 ± 0.52 10 ± 1.28 100.15% ±  2.23
LD #13 100% 19 ± 0.64 15 ± 0.49 10 ± 0.27 92.57% ± 2.24
LD #14 100% 14 ± 0.62 10 ± 0.68 7 ± 0.39 93.19% ± 1.31
LD #15 100% 11 ± 0.68 7 ± 0.63 5 ± 0.64 101.31% ± 1.38
LD #16 Zero 420 ± 0.41 400 ± 0.69 390 ± 0.62 102.67% ± 2.12
LD #17 Zero 410 ± 1.28 390 ± 1.73 374 ± 0.61 92.67% ± 2.12
LD #18 Zero 383 ± 1.27 375 ± 0.68 360 ± 0.68 106.21% ± 1.38
LD #19 Zero 114 ± 1.39 103 ± 0.93 93 ± 0.41 102.04% ± 1.82
LD #20 Zero 93 ± 0.64 82 ± 0.68 74 ± 0.73 93.54% ± 1.83
LD #21 Zero 88 ± 0.62 80 ± 0.49 71 ± 1.28 94.97% ±  1.51
LD #22 1.43% 324 ± 0.68 300 ± 0.63 288 ± 0.27 91.98% ± 1.68
LD #23 Zero 293 ± 0.41 270 ± 0.68 253 ± 0.39 93.98% ± 1.75
LD #24 Zero 276 ± 1.28 260 ± 0.67 244 ± 0.64 101.13% ± 1.34
LD #25 Zero 721 ± 7.76 700 ± 8.91 769 ± 7.16 92.56% ± 2.98
LD #26 Zero 745 ± 8.33 705 ± 7.98 700 ± 9.67 94.88% ± 2.98
LD #27 Zero 749 ± 9.34 710 ± 9.79 694 ± 11.8 102.44% ± 2.98

       *     Data are mean values (n = 6) ± S.D.
     **     Data are mean values (n = 10) ± S.D

rapid and efficient absorption of Aceclofenac from
buccal mucosa resulting in a decreased pre-
systemic transformation due to first pass hepatic
extraction or metabolism in the epithelium and/
or lumen of GI tract or by combination of these
processes. Diclofenac Potassium was detected
in plasma in the 5 minutes blood sample after
administration of the ODT (LD#11); while it did
not appear in plasma until the 15 minutes
sampling time after administration of the

immediate release tablet. However, based on
these previous results, it can be concluded that
the high rate of absorption with the same extent
of bioavailability that was observed in case of
Diclofenac Potassium ODT, may be attributed to
rapid absorption and faster elimination of
Diclofenac Potassium from the buccal mucosa.
We may conclude that the effect of freeze drying
ODT technology would have greater impact in
improvement of the rate and extent of absorption

 Effect of using two NSAIDs with different solubility
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Table 4.  In-vitro dissolution profile of Aceclofenac freeze dried ODTs formulae

Time Percentage Aceclofenac dissolved

(Min) LA #1 LA #2 LA #3 LA #4 LA #5 LA #6 LA #7 LA # 8 LA # 9 LA # 10 LA # 11 LA # 12 LA # 13

1 78.1 75.55 70.67 18.64 13.22 10.71 9.21 8.18 7.22 79.71 63.04 12.49 7.26
2 90.2 89.24 89.10 22.11 19.99 16.82 12.54 11.01 11.12 92.18 81.53 74.23 10.11
5 91.5 94.63 96.88 30.26 26.18 22.12 21.21 18.24 18.13 100.8 101.1 101.9 12.44
7 100.1 98.92 101.0 37.99 34.81 30.89 29.24 24.98 25.68 100.5 100.7 100.7 17.29
10 100.3 100.2 101.2 43.24 40.71 35.77 34.98 31.77 31.18 100.5 101.5 100.9 25.11
15 100. 100.2 100.5 53.11 49.82 41.94 41.12 38.23 37.24 100.7 101.9 101.1 32.22
30 100.2 100.2 101.0 81.18 78.92 71.01 68.92 67.11 62.29 100.3 101.7 101.0 71.11

Time Percentage Aceclofenac dissolved
(Min) LA # LA # LA # LA # LA # LA # LA # LA # LA # LA # LA # LA # LA # LA #

14 15 16 17 18 19 20 21 22 23 24 25 26 27

1 5.24 3.31 2.63 2.12 2.01 15.7 12.2 5.23 5.19 4.91 2.81 0 0 0
2 7.12 5.00 5.23 4.11 3.82 51.8 49.2 42.1 5.68 5.21 4.11 0 0 0
5 9.21 7.97 7.12 5.23 5.12 64.8 62.1 54.3 6.23 6.01 5.21 0 0 0
7 12.1 12.7 7.89 5.98 6.23 71.0 69.1 62.0 8.46 7.11 5.48 1.22 0.91 0.87
10 20.8 17.3 8.91 6.91 7.28 75.2 72.8 70.1 11.7 9.22 7.21 2.15 2.01 1.09
15 31.2 27.0 11.2 7.22 9.11 98.3 95.6 95.2 15.4 12.3 10.5 3.77 3.00 2.13
30 68.4 64.3 13.6 10.4 11.2 101. 100. 100 28.8 24.1 19.1 4.91 4.09 4.12

Table 5.  In-vitro dissolution profile of Diclofenac Potassium freeze dried ODTs formulae

Time Percentage Aceclofenac dissolved
(Min) LD #1 LD #2 LD #3 LD #4 LD #5 LD #6 LD #7 LD # 8 LD # 9 LD # 10 LD # 11 LD # 12 LD # 13

1 78.1 75.55 70.67 18.64 13.22 10.71 9.21 8.18 7.22 79.71 63.04 12.49 7.26
1 82.98 100.01 58.78 16.42 22.24 23.45 10.84 12.34 12.22 80.08 100.28 34.95 52.00
2 93.78 100.02 78.22 22.56 33.11 34.27 16.54 18.67 17.94 90.17 100.27 52.04 75.32
5 100.01 100.03 99.96 34.18 42.66 43.06 25.21 27.89 26.21 100.01 100.42 68.36 93.96
7 100.03 100.02 100.00 39.89 49.89 48.00 32.24 34.84 35.43 100.01 100.20 76.68 100.05
10 100.07 100.01 100.00 47.74 52.14 51.49 40.98 44.78 46.98 100.00 100.27 91.18 100.00
15 100.02 100.03 100.02 56.88 67.11 66.91 51.92 56.22 55.75 100.02 100.23 100.40 100.03
30 100.08 100.07 100.00 81.93 87.18 86.78 70.88 74.28 73.23 100.02 100.33 101.29 100.00

Time Percentage Aceclofenac dissolved
(Min) LD# LD # LD # LD # LD # LD # LD # LD # LD # LD # LD # LD # LD# LD#

14 15 16 17 18 19 20 21 22 23 24 25 26 27

1 54.98 36.19 1.39 2.66 3.02 76.75 80.45 50.11 12.18 18.17 6.75 0 0 0
2 77.32 58.32 2.55 4.04 4.45 91.34 92.22 72.44 14.76 28.13 14.76 0 0 0
5 99.96 96.96 3.11 5.81 5.23 95.63 97.54 95.46 31.13 50.98 48.85 1.12 1.09 0.98
7 100.0 100.9 4.88 6.54 6.33 98.92 100.0 100.0 38.08 58.86 57.00 3.21 2.78 1.70
10 100.0 100.7 6.92 7.58 7.00 100.0 100.0 100.0 49.45 79.45 80.07 5.31 3.01 2.31
15 100.0 101.0 7.71 8.71 8.71 100.0 100.0 100.0 68.86 91.22 100.0 6.22 5.55 3.95
30 100.0 100.5 10.01 12.68 10.12 100.0 100.0 100.0 101.1 101.1 100.0 7.33 6.12 5.80
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Table 6. The mean pharmacokinetic parameters of Aceclofenac 100 mg ODT (LA# 10) and
Bristaflam tablet to four volunteers

Parameter ODT (LA# 10) Bristaflam tablet Statistical test

C max (µg/ml) 7.064 ± 0.178 3.76 ± 0.473 p = 0.00
T max (h) 1 ± 0.00 2.875 ± 0.25 p = 0.00
AUC (0-24) (µg*h/ml) 38.98 ± 0.53 20.5 ± 0.384 p = 0.00
AUC (0-”) (µg*h/ml) 39.85 ± 1.18 21.41 ± 0.59 p = 0.00
T1/2 (h) 6.64 ± 1.11 4.36 ± 0.214 p = 0.007
MRT (h) 5.88 ± 0.03 5.76 ± 0.242 p = 0.366
Ka (h

-1) 1 0.345 p = 0.00

Relative Bioavailability (frel) = 186.12%

Data are mean value ± S.D

Table 7. The mean pharmacokinetic parameters of Diclofenac Potassium 50 mg ODT (LD#11)
and Cataflam tablet to four volunteers

Parameter ODT (LD# 11) Cataflam tablet Statistical test

C 
max 

(µg/ml) 2.5 ± 0.11 2.15 ± 0.044 p = 0.001
T 

max
 (h) 0.25 ± 0.00 1.25 ± 0.00 p = 0.00

AUC 
(0-12)

 (µg*h/ml) 8.344 ± 0.352 7.88 ± 0.4 p = 0.777
AUC 

(0-”) 
(µg*h/ml) 9.061 ± 0.61 8.963 ± 0.265 p = 0.777

T
1/2

 (h) 4.811 ± 0.57 5.32 ± 1.83 p = 0.612
MRT (h) 3.92 ± 0.12 3.86 ± 0.153 p = 0.581
K

a
 (h-1) 4 0.8 p = 0.00

Relative bioavailability (frel) = 101.09%

Data are mean value ± S.D

of the water insoluble drugs than that of the water
soluble drugs. Though, freeze drying improved
both rates of absorption; however it did not
increase the bioavailability of the water soluble
drug.
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Abstract
Japanese Encephalitis (JE) is a mosquito

borne arboviral infection caused by Japanese
Encephalitis Virus (JEV). It is the major cause of
viral encephalitis in Asia and a leading cause of
pediatric epidemic in India. In the present study
we have developed a DNA vaccine with JEV
Envelope protein (E) in cytomegalovirus (CMV)
promoter based vector.  The efficacy of the DNA
vaccine is evaluated by the use of heat shock
protein 65 (HSP65) of Mycobacterium avium
paratuberculosis (MAP), which is a potential
molecular adjuvant. The efficacy of the vaccine
in combination with the HSP65 is evaluated by
plaque reduction neutralization test (PRNT). The
adjuvant effect of HSP65 was analyzed both as
a protein and a DNA when coimmunized in mice
with JEV E DNA vaccine. The present study
demonstrated that the efficacy of the JEV E DNA
vaccine is enhanced in combination with HSP65
protein.

Keywords: Japanese Encephalitis Virus, DNA
vaccine, Adjuvant, Mycobacterium avium
paratuberculosis, heat shock protein 65

Introduction
Japanese Encephalitis (JE) is a mosquito

borne arboviral infection caused by Japanese
Encephalitis Virus (JEV) (1). It is the leading

cause of viral encephalitis in Asia, causing
approximately 50,000 deaths annually in JEV
epidemic countries like Japan, China, Korea and
Taiwan (2). In India the first clinically recorded
case of JE was in  1955 at Vellore, Tamil Nadu
(3) and has been followed by several reports of
outbreaks including the outbreak in 2005 that
killed 1700 people mostly children and left
thousands more disabled (4). There is no specific
treatment for JE and the available treatment is
only supportive (5). Vaccines till date remain the
best option in preventing the disease. The mouse
brain derived inactivated purified vaccine, which
was in use for many years is replaced by cell
cultured vaccines. Recombinant, sub-unit
vaccines provide new options for endemic
countries like India because of their improved
safety.

JEV is a spherical virion approximately 50
nm in diameter encapsidating a non segmented
positive sense RNA genome (6). The RNA
comprises of a single open reading frame capped
by a 5’UTR 95 bp long and a 3’UTR 580 bp long
(7). The viral RNA encodes a single polyprotein
cleaved by viral and cellular proteases to produce
three structural (capsid, C; membrane, M; and
envelope, E), and seven nonstructural (NS1,
NS2A, NS2B, NS3, NS4A, NS4B, and NS5)
proteins. The E protein is associated with the
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induction of protective neutralizing antibody
response in hosts and hence, is the principal
target for neutralization in vitro and in vivo by
specific antibodies (8).

In the present study, we have attempted to
develop a DNA vaccine for JE as DNA
vaccinations are safer and cheaper to produce
(9). DNA immunizations trigger the de novo
synthesis of the antigens in the host cells and
are able to elicit protective immune response in
various animal models (10). The plasmid DNAs
are internalized by antigen presenting cells and
can induce antigen presentation via MHC class I
or class II (11).   Structural proteins like E (12),
prM and E (13) and non-structural proteins like
NS1 (14), NS3 (15) and NS5 (15) have been
evaluated as potent DNA vaccines for their ability
to induce neutralizing antibody response and for
their ability to protect the animals in challenge
experiments. Literature reports suggest that E
protein alone is not sufficient to generate the
neutralizing antibodies in mice (12). Hence we
tried to use a heat shock protein (HSP) which
might act as an adjuvant and elicit good immune
response. The administration of the adjuvant can
be either as an immunostimulatory gene or as
protein as shown in many Mycobacterium
tuberculosis genes (16). Here, we used the
Mycobacterium avium paratuberculosis (MAP)
HSP65 and evaluated its potential as a molecular
adjuvant.  The efficacy of the JEV E DNA vaccine
was evaluated individually and in combination
with HSP65 both as a protein as well as DNA.

Materials and Methods
RNAeasy extraction kit, one-step RT PCR

kit, PCR purification kit, gel extraction kit, plasmid
isolation kits (Mini and Maxi) and Ni-NTA agarose
resin were all procured from Qiagen, Germany.
The six well tissue culture plates and 96 well
maxisorp plates were procured form Nunc, USA.
The restriction enzymes and T4 DNA ligases
were from NEB, UK. The lipofectamine reagent
is from Invitrogen, USA. The XL Gold competent
cells were purchased from Strategene and BL21
pLysS competent cells were purchased from
Novogen, USA. HRP-conjugate, TMB substrate

and His-Tag antibody were purchased from
Sigma, USA. MEM, FBS and penicillin-
streptomycin-glutamine mix were purchased
from GIBCO-Life Technologies, USA. Luria
Bertani media, agar, agarose, tryptone, yeast
extract were purchased from Himedia. Urea,
sodium chloride, sodium di hydrogen phosphate
and disodium hydrogen phosphate were
purchased from Merck. Tris, EDTA and imidazole
were from Sigma, USA. Skim milk powder was
from Difco BD lifesciences, Tween-20 from
Calbiochem and Triton X -100 from Fluka.

Virus: Beijing – 1 strain of JEV (CDC, Taiwan)
was used in the present study. Vero cells (African
green monkey kidney epithelial cells) from ATCC
were used to grow the virus. Cells were grown in
MEM, supplemented with 10% fetal bovine serum
(FBS). The culture supernatant from JEV infected
cells was collected after 48 hrs infection when
the cytopathic effect (CPE) was visible. These
supernatants were stored in aliquots at -70°C.
This was used as the source of virus for cDNA
synthesis and ELISA experiments. Virus titration
was done by plaque assay (17).

Construction of the plasmid : Two DNA
vaccine vectors were generated with JEV Env
(E) gene and the other with MAP hsp 65 in a
CMV promoter based vector (18).  JEV E gene
was PCR amplified from the virus Beijing-1 strain
(Acc. No. L489611) using gene specific primers
(Table 1: FP MB 308, RP MB 309). PCR amplified
cDNA was cloned into a eukaryotic expression
vector and named as pCMVE. It has a
cytomegalovirus immediate early promoter/
enhancer sequence, multiple cloning sites,
bovine growth hormone termination signal, colE1
replication signal and a kanamycin resistance
gene. The MAP hsp 65 gene is a mammalian
codon optimized synthetic gene from Geneart
(Germany). The synthetic gene was PCR
amplified with specific restriction site with gene
specific primers (Table 1: FP MB 419, RP MB
420) and cloned in the same eukaryotic
expression vector and named as pCMVhsp65.
Alternatively, JEV E gene was also synthesized
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as a synthetic gene optimized for expression in
bacteria from Geneart and was cloned into
pRSETA vector and named as pRSETAEnv. The
MAP hsp 65 gene was also synthesized
synthetically and optimized for expression in
bacterial expression systems. It was also cloned
into pRSETA vector and named as
pRSETAhsp65.

Expression of pCMVE and pCMVhsp65 in
Vero cells:  Vero cells were seeded in 6 well
plates (4x105 cells/well) and once the plates
reached ~90% confluencey, they were
transfected with both pCMVE and pCMVhsp65
plasmids using lipofectamine reagent  as per the
manufacturer’s instructions. The transfected cells
were harvested 48 hrs post-transfection and
lysed in lysis buffer 1 (50 mM Tris, 150 mM NaCl,
2 mM EDTA, 1% Triton X-100,  pH 7.5). The
lysates were centrifuged at 10,000xg for 10 min
to clarify  and supernatant was inactivated at
56°C in water bath for 1 hr. Samples were then
analyzed on a  SDS-PAGE using 12% gel  and
western blotting was performed using known
JEV-positive serum .

Expression and purification of Env and
HSP65 proteins in E. coli: The recombinant
pRSETAEnv and pRSETAhsp65 plasmids were
transformed in BL21 pLysS competent cells by
heat shock method. The expression of the clones
were optimized with TB medium with 1mM IPTG
and 4 hrs induction periods at 30°C and analyzed
on 12% SDS-PAGE. The expression of the
protein was confirmed by western blot probed
with the His

6
 tag antibody (data not shown). The

clones were grown in a 2 liter culture in terrific
broth (TB) media and induced with IPTG as
mentioned above. The bacterial pellets were
analyzed for the localization of the protein and
both Env and HSP65 were found to be in the
inclusion bodies. The recombinant proteins were
purified from inclusion bodies using Ni-NTA
agarose column under denaturing condition. The
bacterial pellets were resuspended in lysis buffer
2 (50 mM sodium phosphate buffer, 100 mM
NaCl, 5 mM EDTA, 1% Triton X 100 at pH 7.5).
The resuspended cell pellet was subjected to

sonication (Sonics Vibracell, USA) 40%
amplitude with 5.5/5.5 pulse rate. The lysed
samples were centrifuged at 10,000xg for 30
minutes and the supernatant was discarded. The
pellet was resuspended in equilibration buffer (50
mM sodium phosphate buffer and 8M urea, pH
7.5). This sample was passed onto a pre
equilibrated Ni-NTA column. Then the column
was washed with wash buffer (50 mM sodium
phosphate buffer, 8M urea, 30 mM imidazole, pH
7.5) and eluted with elution buffer (50 mM sodium
phosphate buffer, 8M urea, 300 mM imidazole,
pH 7.5). The eluants were analyzed on SDS-
PAGE to check its   purity and confirmed by
western blot developed with His

6
 tag antibody.

The pooled eluants were subjected to dialysis
(50 mM sodium phosphate buffer, pH 7.5) to
remove urea and imidazole. These dialyzed
proteins (Figure 2) were used in ELISA for
evaluation of humoral response in mice
immunized with DNA vaccines. (Table 2 for
buffers used in the study)

Fig. 1. Western blots on 12% SDS-PAGE showing
transient expression of pCMVE and pCMVhsp65 in
Vero cells.  (A) Lane M: standard protein molecular
weight marker, Lane 1: vero cell lysate, Lane 2:
pCMVE transfected vero cell lysate. Western blot
probed with known JEV polyclonal serum.  (B) Lane
M: standard protein molecular weight marker. Lane
1: vero cell lysate, Lane 2: pCMVhsp65 transfected
cell lysate. Western blot probed with polyclonal sera
raised against HSP65 antigen.
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received the purified Env and HSP65 proteins
injected intramuscularly at 20 µg per mice. Group
6 mice were injected with both DNA vaccine
plasmids (pCMVE and pCMVhsp65)
simultaneously and group 7 with pCMVE and
HSP65 protein. Commercially available JEEV
vaccine ® (Biological E) was administered with
1/10th of the recommended adult dose as positive
control and unvaccinated mice were treated as
the negative control. After the primary
immunization a booster dose was given at an
interval of 3 weeks. One week after the booster
the mice were bled thoroughly and sacrificed. The
serum from these samples was used for ELISA
and PRNT study.

ELISAs: The ELISA was done to evaluate the
presence of the specific antibodies in the serum
sample for which the first two ELISAs were
performed by coating the plate with purified Env
protein and HSP65 protein. The third ELISA was
performed to evaluate the specificity of the
vaccine candidates. All the mice serum samples
were inactivated at 56°C for 30 minutes and then
used for ELISA experiments.

Mice immunizations:  All immunizations were
carried out in 2-3 week old BALB/c mice divided
into 9 groups with 10 mice in each group (Table
3). Three groups received DNA vaccines pCMVE,
pCMVhsp65 and a negative control group pCMV
vector. Twenty µg of each plasmid in 10 mM Tris-
Cl was injected intramuscularly into the right
quadriceps muscle of the mice. Groups 4 and 5

Fig. 3. Reactivity of the serum samples from different study groups vaccinated with different regimens of JE
DNA vaccine and HSP65 tested by indirect ELISA.  The study groups were vaccinated with: (1) JEV DNA
vaccine – pCMVE, (2) HSP65  DNA vaccine  - pCMVhsp65, (3) DNA vaccine vector – pCMV,  (4) Purified JEV
Envelope protein – Env,  (5) Purified HSP65 protein - HSP65 antigen,  (6) JE DNA vaccine with HSP65  DNA
vaccine - pCMVE+pCMVhsp65,  (7) JE DNA vaccine with purified HSP65  protein  - pCMVE + HSP65, (8)
Commercial vaccine – JEEV, (9) Unvaccinated mice - control group.

Fig. 2. 12% SDS-PAGE of the purified Env and HSP65
proteins from E. coli.  Lane 1: HSP65 protein, Lane 2:
Env protein. Lane M: standard protein molecular
weight markers.
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To check for JEV Env antibodies: An indirect
ELISA format was applied to check for the
presence of antibodies against JEV Env protein
in the mice sera. The microtiter plate wells were
coated (Maxisorp) with 100 µl (500 ng) of the
Env antigen in carbonate bicarbonate buffer pH
9.6 per well and incubated overnight at 4°C.
Plates were washed thrice with washing buffer
(0.1% PBST i.e. PBS +0.1% Tween 20). Then
the plates were blocked with 200 µl of blocking
buffer 3% (w/v) skim milk in PBST for 1 hr. Plates
were washed thrice with washing buffer. The
pCMVE, pCMVhsp65, pCMV, Env, HSP65,
pCMVE+pCMVhsp65, pCMVE+HSP65 , JEEV
and unvaccinated mice serum were diluted in
0.1% PBST at 1: 500 ratio and 100 µl of serum
was added to respective  wells. The plate was
incubated at 37°C for 1 hr followed by three
washes with 0.1% PBST. Horseradish peroxidase
(HRP)-conjugated goat anti-mouse IgG was
diluted 1:5000 in PBS and 100 µl of this
secondary antibody was added to wells and
incubated for another 1 hr. Following three

washes with 0.1% PBST, 100 µl of TMB substrate
(1 mg tablet in 10 ml of citrate buffer pH 5.4 and
10 µl H

2
O

2
)

 
was added to each well and incubated

in dark for 10 minutes. The peroxidase reaction
was stopped by adding 100 µl of 1 M H

2
SO

4
 and

absorbance values at 450 nm were determined
using a plate reader (Spectra Max 190, Molecular
Devices, and USA).

To check for MAP HSP65 antibodies: An
indirect ELISA format was applied to check for
the presence of MAP HSP65 antibodies in the
mice sera. The microtiter plate wells were coated
(Maxisorp, NUNC) with 100 µl (500 ng) of the
HSP65 antigen in carbonate bicarbonate buffer
pH 9.6 per well overnight at 4°C. The remaining
procedure is same as the first ELISA format.

To check for JEV specificity: An indirect ELISA
format was applied to check for the presence of
JEV antibodies in the mice sera. The microtiter
plate wells were coated (Maxisorp) with 100 µl
(500 ng) of the inactivated JEV virus in carbonate
bicarbonate buffer pH 9.6 per well overnight at

Enhancement of Efficacy of Japanese Encephalitis virus DNA vaccine

Table 1. List of primers used

  Primer No. Primer sequence Purpose

MB 308 ATCGAGATCTTTCAACTGTCTGGGA Forward primer for JEV
DNA vaccine

MB 309 ATCGAGATCTAGCATGCACATTGGTTAA Reverse primer for JEV
DNA vaccine

MB 419 ACGCAGATCTATGGCGAAAACCATT Forward primer for hsp65
DNA vaccine

MB 420 ACGCAGATCTTTATTAAAAATCCAT Reverse primer for hsp65
DNA vaccine

Table 2. List of buffers used

S.No. Buffer name Buffer composition

1. Lysis buffer 1 50 mM Tris, 150 mM NaCl, 2 mM EDTA, 1% Triton X-100,  pH 7.5
2. Lysis buffer 2 50 mM sodium phosphate, 100 mM NaCl, 5 mM EDTA,

1% Triton X 100 at pH 7.5
3. Equilibration buffer 50 mM sodium phosphate and 8M urea, pH 7.5
4. Wash buffer 50 mM sodium phosphate , 8M urea, 30 mM imidazole, pH 7.5
5. Elution buffer 50 mM sodium phosphate, 8M urea, 300 mM imidazole, pH 7.5
6. Dialysis buffer 50 mM sodium phosphate , pH 7.5
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4°C. The remaining procedure is same as the
first ELISA format.

Plaque Reduction Neutralization Test (PRNT):
The mice serum samples obtained by the above
mentioned immunization schedule were heat
inactivated at 56°C for 30 minutes. Vero cells
were seeded onto required number of 6 well
plates a day before the test (5 X 105 cells/well).
Virus (suckling mouse passaged Beijing -1
challenge virus strain) was diluted in the virus
maintenance media (HMEM with 2 % serum and
1 % penicillin-streptomycin-glutamine) in order
to get 50 plaque forming unit (pfu) per well. The
heat inactivated sera samples were 2 fold diluted
in the virus maintenance media. The virus and
serum samples were mixed in equal volumes and
incubated for 90 minutes at 37°C with
intermediate shaking. The spent media was then
discarded from the confluent vero cells and the
antigen antibody mix (200 µl) was added to the
corresponding wells. After 90 minutes 2 ml of 1%
methyl cellulose was overlaid. The plates were
incubated for 96 hrs at 37°C in a CO

2
 incubator.

The methyl cellulose overlay was carefully
discarded and the plates are stained with crystal
violet. Plaque reduction (50%) when compared
to the virus inoculated wells was counted. PRNT

50

has been calculated as per the standard protocol
(19). The neutralizing antibody titer was
expressed as the reciprocal of the highest initial
serum dilution that inhibited 50% or greater of
the plaque formation compared with the virus
control titration.

Results
Constructions of recombinant plasmids: The
Env and HSP65 genes were cloned into pCMV
vector downstream of the immediate early
promoter enhancer sequences of
cytomegalovirus. The PCR amplified JEV E
cloned into pCMV vector showed a release of
1550 bps when digested with BglII. Similarly, the
pCMVhsp65 showed a release of 1640 bps when
digested with BglII on agarose gel. The restriction
digestion analysis of pRSETAEnv and
pRSETAhsp65 with BamHI and HindIII showed

a release of Env 1550 bps and HSP65 1640 bps
respectively (data not shown). Both the clones
were analyzed by DNA sequence analysis.

Expression of DNA vaccines in vero cells :
Vero cells were transfected with DNA vaccine
plasmids pCMVE and pCMVhsp65. After 24 hrs
of transfection, same number of cells (control and
transfected cells) was analyzed for transient
expression.  Western blot probed with JEV Env
and MAP HSP65 polyclonal serum showing a
band size of 58 kDa and 60 kDa, respectively on
the blot (Figure 1A, B). No visible band was
observed in the lane of control (non transfected)
cell lysate indicating the absence of Env and
HSP65 protein in the sample.

Purification of the E.coli expressed proteins:
The Ni-NTA agarose column purified proteins
were analyzed on SDS-PAGE for their purity and
western blot probed with His

6
-Tag antibody for

their specificity. The purified eluants were pooled
and dialyzed. The dialyzed protein analyzed on
SDS-PAGE and  showed the correct sized band
at 58 kDa and 60 kDa respectively for Env and
HSP65 proteins (Figure 2). The purified proteins
concentration was estimated using standard
protocol by BCA (Bicinchoninic acid) method. The
final protein preparation was ~80% pure which
were used for animal experiment, PRNT   and
ELISA.

ELISA: The first ELISA was carried out to verify
for the presence of JE specific antibodies in
different groups of mice. High titers were
observed in group of mice immunized with JEV
Env antigen. Antibody titers were also shown by
the pCMVE, pCMVE+pCMVhsp65 and
pCMVE+HSP65 groups which validates the
efficacy of DNA vaccine to generate antibodies
against Env protein. The pCMVhsp65, HSP65
and unvaccinated mice groups did not show titers
specific to Env. These results indicate that the
pCMVE DNA vaccine antibody titer was elicited
with pCMVhsp65 and HSP65 and the adjuvant
effect of MAP HSP65  is evident with the high
titers in pCMVE+pCMVhsp65 and pCMVE+
HSP65 groups.
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The second ELISA was carried out to verify
the presence of MAP HSP65 antibodies in
different groups of mice. High titers were
observed in HSP65 and pCMVhsp65 group mice.
Where the antigen was used in combination as
a protein or DNA respectively. i.e. the
pCMVE+HSP65 and pCMVE+pCMVhsp65
groups showed next level titers and the rest of
the groups did not show any significant titers as
expected.

The third ELISA was carried out to verify
the specificity of the inactivated virus in binding
to serum of various groups. The pCMVE, Env,
pCMVE+pCMVhsp65 and pCMVE+HSP65
groups showed good titers and the rest groups
did not show any significant titers. Of these the
JEEV vaccinated group served as the positive
control group and the unvaccinated group served
as the negative control group. pCMVE+HSP65
followed by pCMVE+pCMVhsp65 showed the
next high titers followed by the pCMVE group.
These results suggest that pCMVE+HSP65
group is able to elicit immune response on par
with the commercial JEEV vaccine. The adjuvant
effect of the MAP HSP65 was clearly
demonstrated in this study. These findings clearly
indicate that the DNA vaccine may be a potential
vaccine candidate for JEV and its immune
response is increased with the use of MAP
HSP65  (Figure 3).

PRNT: Serum samples collected on day 35 after
the primary and booster immunizations were
evaluated for the ability to neutralize JEV in
PRNT

50
. A titer above 10 in PRNT50 is indicated

as a positive result (19). As shown in Table 3 the
pCMVE group which is the DNA vaccine group
without the adjuvant showed a titer of 20 which
is a positive titer and pCMVhsp65 and the pCMV
vector group which are the negative control
groups showed titers less than 10. The Env group
showed a titer of 10 and HSP65 group showed a
titre of <10. The group 6 mice which were
immunized with pCMVE and pCMVhsp65
simultaneously showed a titer of 35 and the group
7 mice which were immunized with pCMVE and
HSP65 simultaneously showed a titer of 40.

These results confirm the adjuvant role of MAP
HSP65 supplemented either in the form of protein
or DNA. These titers are on par with the
commercial JEEV group mice which also showed
a titer of 40. Neutralizing antibodies generated
by the unvaccinated control group mice is
negligible. (Table 3).

Discussion
JEV is the etiological agent for Japanese

encephalitis, a disease with high mortality and
high disability rate in children. Currently,
vaccination remains the only strategy for
protection. The first generation JE vaccines i.e.
live attenuated mouse brain derived vaccine and
the latest cell culture inactivated vaccines have
been widely used with significant success in
many Asian countries (20). The mouse brain
derived JE vaccines are being completely
replaced by the cell culture inactivated vaccines
due to the adverse side effects of the former
vaccine. But the cell cultured vaccines too have
a lot of disadvantages like high production costs,
poor long-term immunity, and the possible
induction of allergic reactions to the vaccines
(21). In this scenario a second generation subunit
vaccine which could generate strong immune
response will be a good alternative.

Alternative vaccine platforms such as
peptide vaccine, VLP and DNA vaccines have
been successfully developed, aided by the rapid
growth in the field of molecular biology and
immunology (22, 23). In the DNA vaccine
approach instead of delivering a protein or
peptide to the host, an expression vector

Enhancement of Efficacy of Japanese Encephalitis virus DNA vaccine

Table 3.  Animal groups and PRNT titers

 Group No Group Name PRNT titer

1 pCMVE 20
2 pCMVhsp65 <10
3 pCMV <10
4 Env 10
5 HSP65 <10
6 pCMVE+pCMVhsp65 35
7 pCMVE+HSP65 40
8 JEEV 40
9 Unvaccinated <10
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encoding the protein or its fragment is
administered. This vector produces the protein
in vivo subsequently. DNA vaccines have few
advantages over the others in terms of safety
(24), ease of design, chemical synthesis, and
suitability for large scale production and are cost
effective. Key to the immunogenicity of DNA
vaccines is the presentation of expressed antigen
to antigen presenting cells (APCs). DNA vaccines
in general require an effective adjuvant to
improve its expression in vivo (25) and for the
presentation of the antigens to APCs. Developing
an effective molecular adjuvant with deeper
understanding of apoptosis, APC function and
immune cell activation is of high importance (26).
The licensure of the first DNA vaccine for Equine
West Nile Virus by US Department of Agriculture
in 2006 (27) has given a tremendous boost in
the development of DNA vaccines for many
infectious diseases.

In the present study we attempted to
develop a DNA vaccine for JE. Both structural
proteins like E (12) prM and E (28) and non-
structural proteins like NS1 (29), NS3 (15) and
NS5 (15) have been evaluated as potent DNA
vaccines for their ability to induce neutralizing
antibody response and for their ability to protect
the animals in challenge experiments. Studies
suggest that Env protein alone is not sufficient
to generate the neutralizing antibodies in mice
(12). The role of Mycobacterium tuberculosis
(MTB) specific HSPs in vaccine development has
been well characterized (30).  We tried to use a
HSP of Mycobacterium avium paratuberculosis
(MAP) which might act as an adjuvant and
improve the immune response. Various heat
shock proteins, chaperones and synthetic
peptides have been reported to cross prime with
antigenic peptides (31, 32) and the role of HSPs
in the regulation of immune response especially
in the vaccines is well characterized (33). Here
we used the Mycobacterium avium
paratuberculosis HSP65 and evaluated its
potential as a molecular adjuvant.

The role of MAP HSP65 as a potent
adjuvant both as a protein as well as a DNA

vaccine has been evaluated in the present study.
The MAP hsp65 gene was cloned into pCMV
vector to obtain pCMVhsp65 and used it in
combination with pCMVE. The purified MAP
HSP65 protein expressed bacterially i.e. HSP65
antigen was also co-immunized with pCMVE
construct. The expression of pCMVE and
pCMVhsp65 was initially confirmed by their
transient expression in vero cell line on western
blot. The mice were immunized with two doses
of the vaccine with an interval of three weeks
and the blood samples were collected 1 week
after the booster. The serum samples were
evaluated using ELISAs to check for the
presence of specific antibodies and PRNT to
check for the generation of the neutralizing
antibodies.

The ELISA experiments were carried out
to confirm the presence of the JEV Env specific
and MAP HSP65 specific antibodies in the
different groups of mice serum. The pCMVE,
pCMVE+pCMVhsp65 and pCMVE+HSP65 mice
serum generated the JE specific antibodies. The
JEEV serum also exhibited good antibody titers.
The HSP65, pCMVhsp65, pCMVE+pCMVhsp65
and pCMVE+HSP65 mice serum generated MAP
HSP65 specific antibodies. In the next evaluation
with the inactivated JEV, JEEV sera displayed
highest titers followed by pCMVE+HSP65,
pCMVE+pCMVhsp65 and pCMVE sera. These
results demonstrated that MAP HSP65 acted as
a good adjuvant.

The PRNT50 
titers also corroborate the

above observations. The JEEV sera generated
a titer of 40 which is similar to that of
pCMVE+HSP65 group and pCMVE+pCM
Vhsp65 group which showed a titer of 35. pCMVE
alone showed a titer of 20 which was increased
with the MAP HSP65 to 35 and 40 respectively
in pCMVE+pCMVhsp65 and pCMVE+HSP65
groups.  These results showed that the efficiency
of JE vaccine may be improved with the use
adjuvants like MAP HSP65 protein. This is the
first report where MAP HSP65 has been used
as an adjuvant for a JEV DNA vaccine. These
results need to be validated with challenge
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experiments to confirm its further efficacy.
Nevertheless, the results are encouraging to use
MAP HSP65 as an adjuvant with JEV DNA
vaccine.

Acknowledgement
We would like to thank Dr P. N. Rangarajan,

(IISc, Bangalore) for gifting us with the pCMV
vector which is used in the present study to
generate DNA vaccine constructs.  .

References
1. Halstead, S.B. and Jacobson, J. (2003).

Japanese encephalitis. Adv Virus Res. 61,
103-138.

2. Tsai, T. F. (2000). New initiatives for the
control of Japanese encephalitis by
vaccination: minutes of a W. H. O. /CVI
meeting, Bangkok, Thailand, Vaccine. 18
(Suppl. 2), 1-25.

3. Namachivayam, V. and Umayal, K. (1982).
Proceedings of National Conference on
Japanese Encephalitis. Indian Council of
Medical Research, New Delhi. 30-33.

4. Saxena, S.K., Mishra, N., Saxena, R.,
Singh, M., and Mathur, A. (2009). Trend of
Japanese encephalitis in North India:
evidence from thirty-eight acute
encephalitis cases and appraisal of
niceties. J Infect Dev Countries. 3 (Suppl.
7), 517-530.

5. Solomon, T., Ni, H., Beasley, D. W. C.
Ekkelenkamp, M., Cardosa, M. J. and
Barrett, A. D. T. (2003). Origin and evolution
of Japanese encephalitis virus in Southeast
Asia. Journal of Virology. 77, 3091-3098.

6. Lindenbach, B., Thiel, H. and Rice, C.
(2007). Flavivirus: the virus and their
replication. In: Fields Virology, 1101-52,
Lippincott Williams & Wilkins, Philadelphia,
USA.

7. Harisankar, H.S., Baldev, R., Gulati, B.R.,
Prabhat, P.K., Birendra, K., Singh, B.K.,
Virmani, N.N. and Raj, K.S. (2013).
Complete genome sequence analysis of

Japanese encephalitis virus isolated from
a horse in India. Arch Virol. 158(Suppl. 1),
113-122.

8. Verma, S.K., Gupta, N., Pattnaik, P., Babu,
J.P., Rao, P.V. and Kumar, S. (2009).
Antibodies against refolded recombinant
envelope protein (domain III) of Japanese
encephalitis virus inhibit the JEV infection
to Porcine Stable Kidney cells. Protein Pept
Lett. 16(Suppl. 11), 1334-1341.

9. Liu, M.A. (2003). DNA vaccines: a review.
J Intern Med. 253 (Suppl. 4), 402–410.

10. Wayne, C.L. and Michael,B. (1998). DNA
Vaccine. Crit Rev Immunol. 18, 449-484.

11. Alekseeva, E., Sominskaya, I., Skrastina,
D., Egorova, I., Starodubova, I., Kushners,
E., Mihailova, M., Petrakova, N., Bruvere,
R., Kozlovskaya, T., Isaguliants, M. and
Pumpens. P. (2009). Enhancement of the
expression of HCV core gene does not
enhance core-specific immune response in
DNA immunization: advantages of the
heterologous DNA prime, protein boost
immunization regiment. Genetic Vaccines
and Therapy. 7,7.

12. Ashok, M.S. and Rangarajan, P.N. (1999).
Immunization with plasmid DNA encoding
the envelope glycoprotein of Japanese
Encephalitis virus confers significant
protection against intra-cerebral viral
challenge without inducing detectable
antiviral antibodies. Vaccine. 18(1-2), 68-75.

 13. Kaur, R., Sachdeva, G. and Vrati, S. (2002).
Plasmid DNA immunization against
Japanese encephalitis virus:
immunogenicity of membrane-anchored
and secretory envelope protein. J Infect Dis.
185( Suppl 1),1–12.

14. Lin, Y.L., Chen, L.K., Liao, C.L., Yeh, C.T.,
Ma, S.H. and Chen, J.L. (1998). DNA
immunization with Japanese encephalitis
virus nonstructural protein NS1 elicits
protective immunity in mice. J Virol.
72(Suppl 1), 191–200.

Enhancement of Efficacy of Japanese Encephalitis virus DNA vaccine



913Current Trends in Biotechnology and Pharmacy
Vol. 7 (4) 904-913 October 2013, ISSN 0973-8916 (Print), 2230-7303 (Online)

15. Chen, H.W., Pan, C.H., Liau, M.Y., Jou, R.,
Tsai, C.J., Wu, H.J., Lin, Y.L. and Tao M.H.
(1999). Screening of protective antigens of
Japanese encephalitis virus by DNA
immunization: a comparative study with
conventional viral vaccines. J Virol. 73
(Suppl 12, 10137-10145.

16. Hsu, K.F., Hung, C.F., Cheng, W.F., He, L.,
Slater, L.A., Ling, M. and Wu, T.C. (2001).
Enhancement of suicidal DNA vaccine
potency by linking Mycobacterium
tuberculosis heat shock protein 70 to an
antigen. Gene Ther. 8, 376-83.

17. Mullbacher, A., Lobigs, M. and Lee, E.
(2003). Immunobiology of mosquito-borne
encephalitic flaviviruses. Adv Virus Res. 60,
87–120.

18. Biswas, S., Ashok, M.S., Reddy, G.S.,
Srinivasan, V.A. and Rangarajan. P.N.
(1999). Evaluation of the protective efficacy
of a rabies DNA vaccine in mice using an
intracerebral challenge model. Current
Science. 76, 1012-1016

19. Hombach, J., Barrett, A. D. T., Cardosa, M.
J., Deubel, V., Guzman, M., Kurane, I.,
Roehrig, J. T., Sabchareon, A. and Kieny,
M. P. (2005). Review on flavivirus vaccine
development. Vaccine. 23, 2689–2695.

20. Asha, M. and Vrati, S. (2000). Mov34
protein from the mouse brain interacts with
the noncoding region of Japanese
encephalitis virus. J Virol. 74, 5108–5115.

21. Tsai, T.F., Chang, G.F. and Yu, Y.X., (1999).
Japanese encephalitis vaccines. In:
Stanley, A.P.,Oreustein, W.A. (Eds.),
Vaccines. 672-710.

22. Lacasse, P., Denis, J., Lapointe, R., Leclerc,
D. and Lamarre, A. (2008). Novel Plant
Virus-Based Vaccine Induces Protective
Cytotoxic T-ymphocyte-Mediated Antiviral
Immunity through Dendritic Cell Maturation.
J Virol 82,785–794.

23. Beard, C.W. and Mason P.W. (1998). Out
on the farm with DNA vaccines. Nat.
Biotechnol. 16 (13), 1325–1328.

24. Petrovsky, N. and Aguilar, J.C. (2004).
Vaccine adjuvants: current state and future
trends. Immunol. Cell Biol. 82, 488–496.

25. Moss, R.B. (2009). Prospects for control of
emerging infectious diseases with plasmid
DNA Vaccines. Journal of Immune Based
Therapies and Vaccines. 7, 3.

26. Leitner, W.W. and Restifo, N. P. (2003) DNA
vaccines and apoptosis: to kill or not to kill?
J. Clin. Invest. 112, 22–24.

27. Petersen, L.R. and Roehrig, J. T. (2007).
Flavivirus DNA Vaccines—Good Science,
Uncertain Future. The Journal of Infectious
Diseases. 196, 1721–1723.

28. Kaur, R., Sachdeva, G. and Vrati, S. (2002).
Plasmid DNA immunization against
Japanese encephalitis virus: immuno-
genicity of membrane-anchored and
secretory envelope protein. J Infect Dis.
185(1),1–12.

29. Lin, Y.L., Chen, L.K., Liao, C.L., Yeh, C.T.,
Ma S.H. and Chen, J.L. (1998). DNA
immunization with Japanese encephalitis
virus nonstructural protein NS1 elicits
protective immunity in mice. J Virol. 72(1),
191–200.

30. Robert, J. (2003). Evolution of heat shock
protein and immunity. Dev. Comp. Immunol.
27, 449–464.

31. Qazi K.R., Wikman, M., Vasconcelos, N.M.,
Berzins, K., Stahl, S. and Fernandez, C.
(2005). Enhancement of DNA vaccine
potency by linkage of Plasmodium
falciparum malarial antigen gene fused with
a fragment of HSP70 gene. Vaccine 23,
1114-1125.

32. Quintana. F. J. and Cohen, I.R. (2005). DNA
vaccines coding for heat-shock proteins
(HSPs): tools for the activation of HSP-
specific regulatory T cells Vaccines &
Antibodies. Review Expert Opinion. 5(4),
545-554.

33. Pockley, A.G. (2003). Heat shock proteins
as regulators of the immune response.
Lancet. 362(9382), 469-76.

Shahana et al



914Current Trends in Biotechnology and Pharmacy
Vol. 7 (4) 914-931 October 2013, ISSN 0973-8916 (Print), 2230-7303 (Online)

Abstract
The aim of any drug delivery system is not

only to deliver a drug to specific site of action but
also to maintain its therapeutic concentration at
the targeted site. Most of the drugs used in CNS
disorders cannot cross the blood brain barrier
(BBB) due to their large molecular size, less lipid
solubility and p-glycoprotein (p-gp) efflux
mechanism resulting in low drug concentration
in brain. Among the current strategies for brain
targeting drug delivery, biodegradable polymeric
nanoparticles are significant in delimiting the blood
brain barrier, increasing the loading efficiency in
brain and also reducing the peripheral toxicity. The
present review emphasizes on the surface
modified polymeric nanoparticles in enhancing
drug delivery across the blood brain barrier.

Keywords: Blood brain barrier, polymeric
nanoparticles, drug delivery, brain targeting,
coated nanotechnology, ligand nanotechnology

Introduction
Despite tremendous research, the death

rate of patients suffering from brain disorders like
brain tumors, HIV encephalopathy, epilepsy,
cerebrovascular disease, neurodegenerative
disorders, are more than that dying of systemic
cancer or heart disease.  The failure is due to an
inefficient drug delivery as drug accessibility to
the Central Nervous System (CNS) is limited by
the Blood Brain Barrier (BBB) and efflux transport
system (1). Essential nutrients and oxygen are
supplied to the brain by blood capillaries. The

walls of the blood capillaries form the so called
Blood Brain Barrier (BBB). A solid connection is
present between the blood vessels of BBB, and
is formed by special protein complexes of
endothelial cells called tight junction. The
abluminal side of these endothelial cells contains
pericytes, a part of BBB. The pericytes are
encapsulated by the basal membrane of the
endothelial cells, and are responsible for the
synthesis as well as release of different
components of the basal membrane and the
extracellular matrix such as collagen and
glycosaminoglycan. Pericytes maintains the
stability of the blood vessel and also the
functioning of BBB. Another type of endothelial
cell is the astrocyte responsible for the
hoemeostatis and the ion regulation in the brain
(2). Their endfeets attach to the pericytes and the
endothelial cells, covering partially the blood
vessels but are not connected to other cells by
tight junction (3). Astrocytes allow polar molecules
entry into the nerve fluid; while pericytes eradicate
the entry of polar molecules through the BBB.

Several mechanisms like passive transport,
active transport, receptor mediated transport,
endocytosis or transcytosis are followed by
several substances to cross the BBB. These are
called influx transport system, allowing the entry
of essential substances from the blood into the
BBB (4). The influx transport system across the
BBB describes as passive transport and active
transport. Passive transport allows the influx of
substances having good lipophillicity, less protein
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binding and low molecular weight. The active
transport includes transporter mediated
transcytosis and receptor mediated endocytosis
(5). Transporter mediated transcytosis is
responsible for transport of small hydrophilic
molecules such as amino acid, glucose and other
molecules through the transporters present at the
luminal and abluminal side of the endothelial cells.
Receptor mediated endocytosis is responsible for
transport of large or hydrophilic essential
molecules such as hormones, transferrin or iron,
insulin and lipoproteins by acting on receptors
located on the luminal side of the endothelial cells.

On the contrary is the efflux transport
system of P-glycoprotein (Pgp), multidrug
resistance protein (MRP) forcing the inverse
movement of many substances from the cerebral
parenchyma to the blood (6).  Thus the tight
junction in BBB, efflux transport system restricts
entry of most of drugs making many drug based
therapy inefficient such as antibiotics, antiviral
drugs, antiretroviral drugs etc. The lack of
essential characteristics in most drugs like lipid
solubility, low molecular size prevents their ability
to cross BBB. Some of the large sized molecules
like oligonucleotides, antibodies, peptides,
proteins are out of reaching BBB (7). Several
strategies are followed to overcome these barriers
in order to have an efficient brain delivery of drugs.
Among the several strategies, nanoparticles are
considered as the best to carry drugs across the
Blood brain barrier (BBB).

Nanoparticles satisfies many of the
characteristics of the magic bullet concept as
carrier and also when coated with ligands.
Nanoparticles are colloidal matrix of natural/

synthetic polymers ranging in size between 10
and 1000 nm (8). The drugs may be adsorbed to
the surface of nanoparticles or entrapped within
the matrix.   Among the several varieties of
nanoparticles polymeric nanoparticles are
significant in brain targeted drug delivery due to
advantages as they are inert, biocompatible and
biodegradable. The smaller size of polymeric
nanoparticles (< 100 nm) enables it to cross the
BBB. Both hydrophilic and hydrophobic drugs can
be delivered across the BBB. They are easily
processed, nontoxic, and nonantigenic and also
are easily delivered through blood capillaries.
They protect the drugs against degradation. They
are target specific drug delivery with sustained
release behavior (7, 9). Both synthetic and natural
polymers can be used for preparing polymeric
nanoparticles. Polymers for preparing
nanoparticles (10) can be classified as shown in
table 2.

Biodistribution of nanoparticles in body
After intravenous administration, polymeric

nanoparticles come in contact with plasma/serum
proteins before reaching the target cells. The
interaction of polymeric nanoparticles with
phagocytes is regulated by the balance between
two serum components – opsonin which
promotes phagocytosis and dysopsonin which
suppress the process. The opsonin gets adsorbed
to the surface of polymeric nanoparticles and
makes it recognisable to the reticuloendothelial
cells (RES) (11, 12). Following intravenous
administration, polymeric nanoparticles are taken
rapidly by RES present in liver, spleen, bone
marrow and distributed rapidly into the liver (60-
90) % and spleen (2-10) % and to a minor degree
into the bone marrow (13). A low concentration

Table 2.  Polymers for polymeric nanoparticles

No. Classification of polymers Examples

1 Natural biodegradable polymers Alginates, Chitosan, Gelatin, Pellula, Gliadin
2 Synthetic biodegradable polymers PLA, PGA, PLGA,Polyanhydride, Polycaprolactone,

Polyalkylcyanoacrylate
3 Nonbiodegradable polymers Polymethylmethacryalte(PMMA),Polymethylacrylate (PMA)
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of nanoparticles can enter brain due to their
uptake by RES following intravenous
administration. Several technologies based on
surface modification of nanoparticles are worked
out to overcome the problems in connection with
phagocytosis so as to enhance the concentration
of drug in the brain.

Approaches for surface modification of
nanoparticles
Coated nanotechnology: Coated nanotech-
nology  is based on specialized coating of
nanoparticles using polymers or surfactants which
allow mimicking the molecules that would be
normally transported into the brain (5).The coating
of nanoparticles is done by Incubation method.
In this method, the coating solution is added to
the preformed nanoparticle formulation and is
kept for stirring or overnight incubation is done.
The coating materials for polymeric nanoparticles
are discussed below.

Polysorbate 80: Several drugs are being
reported to be successfully delivered to brain
using polysorbate 80 as coating material. The
coating of nanoparticles by polysorbate 80 is done
by adding polysorbate 80 (1% v/v) to the already
prepared drug loaded polymeric nanoparticles
and kept under stirring for 30 minutes (14). It is
also reported that after the addition of polysorbate
80 (1% v/v)  to a model drug loaded polymeric
nanoparticles, it was stored for 24 hrs (15).
Dalargin adsorbed on polybutylcyanoacrylate
(PBCA) nanoparticles coated with polysorbate 80
was the first compound delivered to the brain,
showed positive analgesic effect in rats (16). In a
study, polysorbate 80 coated Gemcitabine loaded
PBCA nanoparticles; efficiently carried the drug
to brain as its antitumour activity was observed
on C6 glioma cells of a brain tumour model (17).
An attempt was also made for the delivery of
Nerve growth factor (NGF) using polysorbate 80
coated PBCA naoparticles as carrier. NGF is
needed in age related neurodegenerative
diseases such as Amnesia, Parkinsonism; but
entry to brain is restricted by the blood brain
barrier. NGF loaded PBCA nanoparticles coated

with polysorbate 80 could efficiently carry NGF to
the brain as evidenced by pharmacokinetic
models (18). Polysorbate 80 coated chitosan
nanoparticles successfully delivered Gallic acid
to brain for antidepressant activity (19).
Polysorbate 80 coated nanotechnologies could
also efficiently deliver   Doxorubicin (20),
Rivastigmine (21), Met Enkephalin Kytorphin (22)
to brain.

But the mechanism behind the
nanoparticles mediated transport across the BBB
is yet to be fully understood. Several mechanisms
were suggested – an increased retention time of
the nanoparticles in the brain capillaries could
enhance transport of drug across the BBB,
polysorbate 80 increases the drug permeability
by fluidization of brain endothelial cell membrane,
opening of the brain endothelial cells tight junction
by nanoparticles, endocytosis of nanoparticles by
the brain endothelial cells deliver the drug into
the brain, transcytosis could be possible for  drug
loaded nanoparticles, polysorbate 80 could inhibit
the P-glycoprotein (P-gp) efflux (23). Among the
several mechanisms, the most probable
mechanism is endocytosis (24). PBCA
nanoparticles coated with polysorbate 80 may
covalently couple with apolipoprotein E, A-I or B-
100 in the bloodstream. Apolipoprotein bound to
the surface of PBCA nanoparticles mimics low
density lipoprotein (LDL). It acts on the LDL
present in the brain endothelial cells and
undergoes receptor mediated endocytosis (24).
Finally, the drug can be delivered by passive
diffusion into the brain. However, the reported
most probable mechanism suffers from several
disagreements   as   apolipoprotein E adsorption
is not only specific to polysorbate 80 coated
nanoparticles surfaces but also get adsorbed onto
PEGylated polylactic acid nanoparticles.
Polysorbate 80 is not reported to be a good
coating material for polymethylmethacryalate
(PMMA) nanoparticles and polystyrene
nanoparticles because polysorbate 80 coated
PMMA nanoparticles are not distributed to brain
after intravenous administration and also
polysorbate 80 coated polystyrene nanoparticles
are not able to deliver Dalargin to brain (25). It is

Brain targeting nanoparticles



917Current Trends in Biotechnology and Pharmacy
Vol. 7 (4) 914-931 October 2013, ISSN 0973-8916 (Print), 2230-7303 (Online)

also reported that a  desirable therapeutic
concentration of drug in brain cannot be attained
due to the fact that polysorbate 80 competes with
proteins in blood  plasma causing rapid
degradation of nanoparticles in serum/plasma
inducing desorption of drug adsorb onto
polybutylcyanoacrylate (PBCA) nanoparticles.
Thus the desorption evidence that the
pharmacokinetic profile of drug in brain remains
similar to drug solution administered intravenously
(26). It is also reported that polysorbate 80 causes
an increase in brain permeability due to BBB
disturbances (27); polysorbate 80 coated
nanoparticles causes BBB toxicity evidenced on
the basis of sucrose permeability test (20 mg/kg
in rats). Polysorbate 80 coated PBCA
nanoparticles decreased locomotor activity in
mice when investigated (28) and also reported
that its short duration of pharmacological action
needs regular intravenous administration which
makes it unsuitable for chronic brain disorders.
PBCA is also reported as a synergistic factor for
enhancing brain permeability. In comparison to
PBCA, Polylactide (PLA) or Poly (lactide-co-
glycolide) (PLGA) microspheres are reported to
be of good CNS biocompatibility (25).

Glutathione: Glutathione is considered better
than Polysorbate 80 as a coating material. Unlike
polysorbate 80, glutathione is an endogenous
peptide and not toxic to body. Using glutathione
as a coating material, an attempt has been made
for the delivery of Paclitaxel across the BBB.
Glutathione coated Polylactide-co-glycolide
(PLGA) nanoparticles reported to be a good
carrier for Paclitaxel to brain as investigated by
PgpATpase assay. Glutathione is reported to act
by inhibiting the Pgp efflux transport system (29).

         Doxorubicin lacks permeability to brain due
to its low lipophillicity, high molecular weight and
efflux by Pgp. Glutathione coated on Doxorubicin
adsorbed to PLGA PEG nanoparticles act against
Pgp efflux transport system making Doxorubicin
accessible to brain (29).

Mannan: Mannan coated Gelatin nanoparticles
were reported as a successful carrier for

Didanosine to brain. Gelatin is a biocompatible,
biodegradable polymer (30). Various surface
receptors like mannosyl, lectin and galactosyl
present in macrophages of brain help in
recognisation and endocytosis of nanoparticulate
carriers. Due to this fact, nanoparticles containing
ligands such as mannosyl, immunoglobulin,
fibronectin and galactosyl are better
phagocytosed by macrophages than carriers
without such ligands. The mannan, coated on the
surface of gelatin nanoparticles are recognised
by mannosyl receptors present predominantly on
the macrophages of brain (31) and phagocytosed
by the macrophages leading to an effective
delivery to brain. Mannan coating of nanoparticle
suspension was done by incubation method (32)
where mannan solution (1% m/v) was prepared
in hot water and mixed with 1.0ml of preformed
nanoparticle suspension; kept overnight stirring
at room temperature (31).

Albumin: Albumin can be safely used as a
coating material for nanoparticles as albumin
coated nanoparticles in mice reported to have no
mortality with upto a 2000 mg/kg (25).

Poloxamer: Poloxamer is considered to play a
significant role in drug delivery to brain. Probable
mechanism of poloxamer coated nanoparticles
includes inhibition of Pgp efflux transport system
and multi drug resistance protein efflux transport
mechanism (33). It is also reported that
apolipoproteins adsorbed on the surface of
poloxamer coated nanoparticles; ligands and
monoclonal antibodies conjugated to the
poloxamer coated nanoparticles could cross the
BBB via specific endogenous transporters
localised within the brain capillary endothelium
(34). Poloxamer 188 coated PBCA nanoparticles
is reported to be a good carrier for Doxorubicin
against an intracranial glioblastoma in rat
(35).Poloxamer coating on drug loaded polymeric
nanopartcles is also done by Incubation method.
As an example, the coating of poloxamer on
Acyclovir loaded PLGA nanoparticles was done
by mixing poloxamer (1 % w/v) solution with
uncoated Acyclovir loaded PLGA nanoparticles
followed by overnight incubation (36)
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Polyethylene glycol (PEG):  Polyethylene glycol
(PEG) coating enhances half-life of nanoparticles
by several magnitudes. PEG coating provides a
hydrophilic protective layer around the
nanoparticles which repel the adsorption of
opsonin proteins via steric repulsion forces,
thereby blocking and delaying the first step in the
opsonisation process (37). PEGylated PLGA
naoparticles contains a hydrophilic coating of PEG
and hydrophobic core of PLGA. An attempt was
made to carry both Dalargin (hydrophilic drug) and
Loperamide (hydrophobic drug) using PEGylated
PLGA nanoparticles.  Dalargin got adsorbed on
the hydrophilic coat of PEG while Loperamide was
entrapped in the hydrophobic core of PLGA. In
vitro evaluation showed quick release of Dalargin
as free drug while Loperamide HCl showed
almost sustained release profile (38). Dalargin
loaded PLGA nanoparticles was double coated
with polysorbate 80 and polyethylene glycol
(PEG). Polysorbate 80 coating provides protection
against phagocytosis and PEG provides long
circulating characteristics. The Dalargin-loaded
polybutylcyano acrylate (PBCA)-nanoparticles
were coated by adding up to 2% of Tween 80
and PEG 20000 stepwise to the nanoparticle
suspension and kept under continuous magnetic
stirring at 9000 rpm for 45 min (39).

PEGylated PLGA nanoparticles reported
to carry Cytarabine to brain (40). Confocal
microscopy evidenced the fluorescent PEGylated
Cytarabine loaded PLGA nanoparticles in brain
and spinal cord. It is reported that PEGlyted
polyhexadecylcyanoacrylate (PHDCA)
nanospheres are good carrier for brain tumour
targeting. Probable mechanisms include
reduction of blood plasma clearance due to
diffusion of nanoparticles across the brain,
translocation due to the adsorption of PEGylated
nanospheres to the brain endothelial cells (40). A
PEGylated polymeric nanoparticle penetrates
brain better than polysorbate 80 coated
nanoparticles due to the fact that the covalent
attachment of polyethylene glycol (PEG) to the
polymer prevents desorption of PEG from
PEGylated polymeric nanoparticles (41) unlike

polysorbate 80 which is adsorbed to the polymer.
Till now several drugs are successfully brain
targeted by using coated nanotechnology as
shown in Table 3.

Ligand nanotechnology :  This approach is
based on the covalent linkage of ligands to the
polymers or the nanoparticles in order to promote
receptor mediated endocytosis or transporter
mediated transcytosis (49). The ligands can be
transferrin, lipoprotein, insulin and thiamine but
also synthetic or natural peptides can be used
(50). The ligands are attached to the nanoparticles
or polymer surface by two techniques

Covalent Chemical conjugation (51, 52 and
53): This is the most commonly established
method of chemical conjugation where intially
thiolation of ligand is done that is subsequently
reacted with maleimide-functionalized drug or
nanoparticle to form a stable thioether bond.
Thiolated drug or vector can also be reacted with
a free cysteine or reduced disulfide bond to yield
a disulfide-bonded drug-nanoparticles conjugate.
To further  ensure  functionality  of  the  vector
and protein, a chemical spacer (CH2)5NHCO
(CH2) 5NHCO or polyethylene glycol (PEG) moiety
can be incorporated into the linkage to reduce
steric hindrance.

Noncovalent Streptavidin/ Biotin linkages (51,
54, 55 and 56): The therapeutics can be
monobiotinylated at lysine residues using N-
hydroxysuccinimide (NHS) analogs of biotin, or
alternatively, biotin can be attached using biotin
hydrazide. The streptavidin can be coupled to the
targeting vector via a thioether linkage. A BBB-
targeted therapeutic can then be created simply
by mixing the biotinylated therapeutic with the
streptavidin-functionalized targeting vector. A PEG
linkage can be also used.

Transferrin: Transferrin and insulin are reported
to be used for the first time in ligand based
nanotechnology. Transferrin undergoes receptor
mediated endocytosis via transferrin receptors
highly expressed on the brain capillary endothelial
cells. Transferrin conjugated Polylactide – co-
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glycolide (PLGA) nanoparticles could success-
fully target Nevirapine to brain (52). But
Transferrin use in ligand based nanotechnology
is limited because blood plasma is almost
saturated with endogenous Transferrin. The   drug
targeting Transferrin competes with the
endogenous transferrin for the same transferrin
receptor localised in brain endothelial cell, in turn
it reduces the efficacy of transferrin conjugated
nanoparticles as a carrier to deliver   the desired
therapeutic concentration of drug to brain. Hence
antibodies are used in place of transferrin to
overcome its limitation (53). One such antibody
is ox26 which is reported to bind an extracellular
epitope of transferrin distinct from transferrin
binding site, and prevents competition between
the drug targeting ligand and the natural
endogenous ligand present in blood plasma.The
ox26 is attached to the formulation by covalent

chemical linkages, where thiolated ox26 antibody
is conjugated to the malemide-grafted liposomes
according to a sulfhydrylmalemide coupling
method (54). One of the relavant work reported
is the delivery of Tempol across BBB. Ox26
antibody covalently attached to malemide grafted
PLGA nanoparticles using NHSPEG 3500
maleimide crosslinker was a successful carrier
for Tempol into brain (55). Attempts were made
on the preparation of PEGylated immunonano-
particles (15). One such example is ox26 antibody
conjugated PEGylated polylactic acid
nanoparticles. Moreover polymers other than
polylactic acid are also applied such as Chitosan.
Chitosan- PEG nanospheres conjugated with
ox26 were prepared by Avidin- Biotin complex. In
this technique, Biotin was covelently coupled to
PEG followed by covalent coupling of Chitosan
to lead to a Chitosan- PEG Biotin copolymer. In

Table 3.   Drugs delivered to brain by coated nanotechnology

Drugs Categories Techniques of coated nanotechnology        References

Tacrine Antialzheimer drug Tacrine loaded polybutylcyanoacrylate
nanoparticles coated with polysorbate 80. (19)

Dalargin Peptide Polysorbate 80 coated Dalargin loaded
PBCA  nanoparticles (42)

Donepezil Antidementia drug Donepezil loaded polybutylcyanoacrylate
(PBCA) nanoparticles coated with polysorbate 80 (43)

Resperidone Antipshycotic Drug Poloxamer coated Resperidone loaded poly
(epsilon-caprolactone) nanoparticles. (44)

Amphotericin B Antifungal drug Amphotericin B loaded poly (lactic acid)
– b- poly (ethyleneglycol) nanoparticles
coated with polysorbate 80. (45)

Resperidone Antipshychotic Drug Poloxamer 407 coated Resperidone
loaded PLGA nanoparticles. (46)

Estradiol Hormones Estradiol loaded polylactide–co-glycolide
(PLGA) nanoparticles coated with polysorbate 80. (47)

Methotrexate Antifungal Drug Polysorbate 80 coated Methotrexate loaded
chitosan and glycolchitosan nanoparticles. (48)
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parallel, Streptavidin/ox26 conjugate is prepared
and incubated with chitosan-PEG Biotin
nanoparticles (prepared by ionotropic gelation
technique using pentasodium triphosphate as
crosslinking agent) to obtain immunonano-
particles(56). PEGylated immunonanoparticles
carried caspase inhibitor (peptide z DEWD-FMK)
across BBB and reduced the death of neuronal
cells after an ischaemic attack. It is also reported
that transferrin conjugated PEGylated albumin
immunonanoparticles could carry Azidothymidine
significantly to brain as observed in rat (57).

Insulin: Insulin is not a suitable ligand based
nanotechnology because of rapid degradation in
blood stream (serum half-life 10 minutes) and
hypoglycaemia due to possible interference with
natural insulin balance (58).  So, antibody
recognising insulin receptors are used as brain
targeting ligands. Researches using 83-14 mouse
monoclonal antibodies (mAb) against insulin
receptor for receptor mediated endocytosis were
performed in primates (Rhesus monkey) (59).
Attempts were also made to cure
mucopolysaccharodosis type VII due to lysosomal
deficiency.  â   glucoridinase, an essential enzyme
for lysosomal deficiency, was administered as
radiolabelled phosphorylated glucoridinase (131I-
P-GUS). Glucoridinase was found to act on
mannose-6- phosphate receptor (Insulin like
growth factor II) expressed on the endothelial cells
of brain and gets delivered via receptor mediated
endocytosis (59). Mannose -6-phosphate
receptors in brain could be beneficial for ligand
nanotechnology in order to treat many
neurodegenerative disorders.

Thiamine: Thiamine (a water soluble vitamin B1),
a micronutrient essential for normal cell growth
and development is reported to cross the BBB by
carrier mediated transport system (60). Thiamine
as a surface ligand on the nanoparticles
specifically targets them to the brain via the BBB
thiamine transporter .Thiamine coated solid lipid
nanoparticles comprising of emulsifying wax and
Brij 78, were reported to act on thiamine
transporter in brain as tested in situ by rat
perfusion technique (61).

Peptide derived nanoparticles: Several peptide
transport mechanisms (receptor mediated,
adsorptive mediated, carrier mediated,
nonspecific passive diffusion) as well as
nontransport processes (endocytosis without
transcytosis, absorption and metabolism) are
reported. Several strategies are followed  to
manipulate peptide transport across the BBB so
as to deliver drug to brain such as lipidization,
chemical modifications of the N-terminal in
peptides, coupling of transport with post BBB
metabolism and formation of potent neuroactive
peptides, upregulation of putative peptide
transporters, use of chimeric peptides in which
nontransportable peptide is chemically linked to
a transportable peptide, use of monoclonal
antibodies against peptide receptors and binding
of circulating peptides to apolipoproteins (62).
Researchers’ focuss on manipulating these
strategies to target compounds/drugs to brain.
One such reported successful work  is on 12-32
(g21) of leptin conjugated  PLGA nanoparticles
which was successfully brain targeted as the
confocal microscopy evidenced  labelled
tetramethylrhodamine g21 conjugated PLGA
nanoparticles presence in rat brain (61). Another
work is also reported on nanoliposomes
containing phosphatidic acid or cardiolipin, which
were decorated with two apolipoproetins (ApoE)
derived peptides (the fragment 141-150 or its
tandem dimers) for brain targeting.  Confocal
microscopy revealed enhanced brain uptake of
nanoliposomes containing phosphatidic acid
decorated with fragment 141-150 than its tandem
dimers (63). It is reported that 29 amino acid
peptide derived from rabies virus glycoprotein
(RVG29) peptide conjugated to albumin
nanoparticles using noncovalent streptavidin/
biotin linkage significantly facilitate the intracellular
delivery of nanoparticles as studied in vitro (64).
One relevant work is reported, on viral fusion
peptide (gH625) derived from the glycoprotein gH
of Herpes Simplex virus type 1 covalently bound
to the surface of flouroscent aminated polystyrene
nanoparticles, which is found to be an efficient
carrier for targeting therapeutics to brain. The
gH625 covalently bound to polystyrene
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Table 4.  Drugs brain targeted through conjugated nanotechnology

Drugs Categories Techniques of coated nanotechnology         References

Ritonavir Antiretroviraldrugs TAT conjugated Ritonavir loaded
Polylactide(PLA) nanoparticles (68)

Human serum Protein HSA nanoparticles covalently bound with
albumin(HSA) apolipoprotein. (69)

Nevirapine Anti retroviraldrugs Nevirapine loaded PLGA nanoparticles
conjugated with transferrin. (70)

Loperamide Antinociceptive drug Loperamide loaded HSA nanoprticles covalently
 coupled with insulin or antiinsulin receptor
monoclonal antibody (29B4) (71)

Coumarin 6 Anticoagulant Coumarin 6 loaded PLGA nanoparticles
conjugated with solanum tuberosum lectin. (72)

Zidovudine Antiretroviral drug CRM 197 grafted Zidovudine loaded polybutyl
cyanoacrylate (PBCA) nanoparticles. (73)

Table 5. Drugs brain targeted through modification of polymers

Drugs Categories Techniques of coated nanotechnology          References

Didanosine Antiviral drug Didanosine loaded chitosan
crosslinked with tripolyphosphonate anions
nanoparticles. (79)

Estradiol Hormone Estradiol loaded chitosan crosslinked
with tripolyphosphonate anion nanoparticles (80)

Lamivudine Antiretroviral drug Lamivudine loaded chitosan crosslinked with
glutaraldehyde nanoparticles (81)

nanoparticles could be easily uptaken by brain
as shown by endothelial cells BBB models. It is
found that gH625 has high cell translocation
potency; the peptide is free of toxicity, and also
decreases nanoparticles intracellular
accumulation (65). A significant work is reported
on Chitosan conjugated pluronic based
nanocarrier with a specific target peptide (rabies
virus glycoprotein, RVG29) as a successful carrier
for the delivery of protein (â galactosidase) to
brain significantly (66).  Cyclophillin B (Cyclosporin
A binding protein) is reported to undergo receptor
mediated transcytosis as observed in in vitro

model of BBB. Cyclophillin B enables promoting
regeneration of damaged peripheral nerves in
addition to immunosuppressive activity (67). As
cyclophillin B can cross BBB, so it may be utilised
in peptide derived nanoparticles for treating brain
related disorders. Several drugs efficiently
delivered into brain using ligand nanotechnology
are given in table 4.

Nanotechnology based on modification of
polymer : Both synthetic and natural polymers
can be used in nanotechnology for brain targeted
drug delivery. One such interesting natural
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Table 7. Patents for nanoparticle based CNS targeted drug delivery systems

S.No. Application Summary of invention              Refrence

1 Receptor targeted drug Chemical conjugate of polymeric
delivery systems nanoparticles for brain targeted delivery 86

2 Drug targeting system, Dalargin loaded nanoparticles coated with
method for preparing same polysorbate 80 87
and its use

3 Transport of liposomes across Monoclonal antibodies (mAb) conjugated
the blood-brain barrier  liposomes for brain targeted delivery. 88

4 Drug targeting system, method Dextran 12.000 or polysorbate 85 stabilized
of its preparation and its use nanoparticles for brain targeted delivery of Dalargin. 89

5 Use of drug loaded nanoparticles 
for the treatment of cancers Coated nanoparticles for the delivery of

anticancerous drug (Doxorubicin) to brain. 90

6 Non-invasive gene targeting to Ox26 monoclonal antibodies conjugated
the brain polyethylene glycol (PEG) immunoliposomes

for brain targeted delivery. 91

7 Nanoparticles made of protein barrier and methods for the production thereof
with coupled apolipoprotein E Avidin-modified Human serum albumin (HSA)
for penetration of the blood-brain nanoparticles with biotinylated apoE for brain

targeted delivery. 92

8 Non-invasive gene targeting OX26 MAb conjugated PEGylated liposome for
to the brain gene delivery 93

9 Support system in the form Preparation of nanoparticles by miniemulsion;
of protein-based nanoparticles surface modification by coating with polysorbate
for the cell-specific enrichment 80 for brain targeting.
of pharmaceutically active
substances 94

10 Rapid Diffusion of Large Polyethylene glycol (PEG) coated polymeric
Polymeric Nanoparticles in the nanoparticles loaded with drug and gene for
Mammalian Brain brain targeted delivery. 95

11 Drug delivery in neurodegen Nanoparticles loaded with epidermal growthfactor
erativedisorders 96

12 Nanoparticles for protein drug Nanoparticles composed of chitosan and
delivery polyglutamic acids for the brain targeted

delivery of protein or bioactive agents. 97
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13 Encapsulation of biologically Encapsulation of biologically active agents such
active agents as proteins in particulate carriers such as nano-

particles using Hydrophobic ion  pairing (Hip) agents 98

14 Polylactide nanoparticles Pluronic 188 coated drug loaded poly (lactide
co glycolide) nanoparticles for brain targeting. 99

15 Nanoparticles made of protein Human serum albumin (HSA) avidin 
with coupled apolipoprotein e for nanoparticles  conjugated with ApoE for brain
penetration of the blood-brain  targeted delivey of Dalargin.
barrier and methods for the
production thereof 100

16 Conjugates for targeted drug Conjugates of Distearoylphosphatidy
delivery across the blood-brain lethanolamine-polyethylene glycol-maleimid
barrier e (DSPE-PEG-MAL) with reduced glutathione

was prepared for brain targeted delivery. 101

17 Rapid Diffusion of Large Polyethylene glycol (PEG) coated polymeric
Polymeric Nanoparticles in nanoparticles loaded with drug and gene for brain
the Mammalian Brain targeted delivery. 101

18 Targeting of drugs and Conventional nanoparticles coated withsurfactants
diagnostic  agents to cross blood brain barrier 102

19 Site specific drug delivery Nanogels prepared from cross-linked polyion
across Blood brain barrier polymer fragment and one nonionicwater

soluble polymer fragment 102

20 Protein and peptide delivery Nanoparticles prepared from chitosan and
to brain polyglutamic acid 102

21 Inhibition of reperfusion injury Nanoparticles prepared from inert plasticizers
to brain loaded with anti-oxidants 102

Table 8.  FDA approved CNS targeted drug delivery systems using nanoparticles (102)

Sr.   API/ nanoparticle Route of FDA Product Company
No components administration approved

indication

1 Propofol Intravenous Anesthetic Diprivan Zenechpharma

2 Colloidal gold nanopar- Intravenous Solid tumors Aurimmune CytImmune
ticles coupled to TNF and (CYT-6091) Sciences
PEG-Thiol (~27 nm)

3 Cyclodextrin containing Intravenous Cancer CALAA-01 Calando
siRNADelivery nanopar- Pharmaceutical
ticles (~50 nm) based
on Calando’s RONDEL
technology

4 Gold-coated silica Nanospectra
nanoparticles (~150 nm) Intravenous Solid tumors AuroShell Biosciences
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polymer extensively used in the nanotechnology
field due to its nanoparticles forming ability is
Chitosan. Chitosan has several characteristics
favouring its use in preparing brain targeted
nanoparticles such as it is natural, biodegradable,
biocompatible, bioadhesive, low molecular weight
(LMW) (74). Inspite of these advantages, chitosan
nanoparticles suffer from fragile structure, making
it unsuitable to use without modification as carrier
for drug molecules. Several techniques of
modifications are suggested, but the simpler
technique (called Ionotropic Gelation) is through
chitosan salt formation where some anions may
cause crosslinking via ionic interactions (75). In
this connections, tripolyphosphonate, sodium
citrate, amino acids, sodium sulphate can be used
as crosslinkers (76-78, 74). The drugs delivered
across the BBB using this technology are given
in Table 5.
Conclusion

The Blood brain barrier (BBB) is the most
limiting condition for the efficient drug delivery to
CNS. Nanoparticles have good prospect in
treating brain disorders. It has major contribution
in the delivery of inaccessible drug to the brain
and thus also helps in treating brain cancer or
other neurodegenerative disorder. The
pharmocokinetics, patented technology and FDA
approved CNS targeted nanoparticles with
different drugs are shown in Table 6-8,
respectively. In near future nanoparticulate drug
delivery systems can be used for exploiting many
biological drugs which have poor aqueous
solubility, permeability and less bioavailability.
Nanoparticles provide ingenious treatment of
CNS disorders by enabling targeted delivery and
controlled release. Thus nanoparticles can be
considered to be significant in brain targeting drug
delivery. Nanoparticulate drug delivery technology
should be developed further which can be
achieved by prompt participation of more research
oriented programmes from the governmental as
well as corporate sectors.
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Abstract
Copper is one of the most prevalent

biological transition metals, and plays a
fundamental role in the biochemistry of the human
nervous system. Without its catalytic presence,
in trace or ultra trace amounts, many biochemical
reactions would not take place. Copper becomes
potentially toxic to cells when its concentration
surpasses normal levels, because at higher
concentrations, it generates free radicals (ROS).
ROS damages DNA by breaking the DNA strands
or modifying the bases and/or deoxyribose
sugars, leading to conformational changes and
stability of DNA. These conformational changes
in DNA may lead to DNA stability in
neurodegenerative disorders such as Alzheimer’s
disease and Parkinson’s disease. In this review,
we have focused on  copper induced
conformational change in DNA and DNA damage,
and its implications on Alzheimer’s disease.

Keywords: Trace metals, Alzheimer’s disease,
DNA polymorphism, oxidative stress, DNA
damage, Parkinson’s disease

Introduction
Metals play an important role in the

biological processes of living systems and also
in most of the chemical reactions in the body. They
play a critical role in many of the enzymatic and
metabolic reactions. Small deviations from normal
levels of metals are recognized as symptoms of

malfunctions or diseases (1). Several metals such
as Na, K, Mg, Ca, and P present fairly  at  large
concentrations and are known as macro-
elements in organisms and are essential to serve
as structural components of tissues of the body,
and essential for the development and function
of the brain (2,3). A second set of metals that are
present in relatively small quantities are known
as trace elements or trace metals; they control
essential biological processes of living cells and
without their catalytic presence many biological
reactions would not take place. Their presence
in optimum levels is very important in health point
of view. Some of the examples for the trace metals
are Fe, Cu, Mn, Zn, Co, Mo, Cr and I. Trace
elements are grouped into three main categories:
1) Essential metals  like Fe, Cu, Zn and Mn, which
participate in the control of various metabolic and
signaling pathways. 2) Beneficial, but not essential
elements like F, V, Br and Li.  3) Pb, Cd, Hg, Ag
and Al, which are not essential but associated
with toxic effects (4-6).

Trace metals are very essential to help in a
variety of important cellular events, such as
catalysts for chemical reactions or electron
transport during energy production. However, their
rich coordination chemistry and redox properties
are such that they are capable of escaping out of
the control mechanisms such as homeostasis. A
growing amount of results provide evidence that
these metals interact with nuclear proteins and
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DNA, and cause oxidative deterioration of these
biological macromolecules (7). Due to their redox
properties and importance, cells have evolved
complex machinery for strict control of metal-ion
homeostasis for the survival of living organisms
(8). Metal ion transporters participate in
maintaining the required levels of various metal
ions in the cellular compartments (9). However,
disruption of these mechanisms, or absorption
of detrimental metals, alters the ionic balance and
their chemical reactivity, and become harmful to
the body. Oxidative damage to DNA and proteins
can result in a disease state, including several
neurodegenerative disorders such as Alzheimer’s
disease (10-12). Understanding the interactions
of metal ions with various intracellular and
extracellular components of the central nervous
system is essential. The importance of copper
for brain function and its role in human health is
one of the most important current research areas.
Hence, in the present review, the current trends
on the role of copper  on conformational and
polymorphism of DNA with relevance to human
health is discussed.

Copper Metabolism : Copper is the third most
abundant transition metal in the body and the brain
and second most important metal that may
participate in oxygen-dependent physiological
functions that serve to maintain normal cellular
process (13). Copper exists physiologically in two
oxidation states, as a divalent cupric [Cu(II)]
extracellular circulating copper and as a
monovalent cuprous [Cu(I)] intracellular. Changes
in oxidation state make copper a paradoxical trace
element.  As a matter of fact, Cu(I)�  Cu(II),
reversible transition can interchange between
these forms by accepting or donating an electron.
This allows the copper to participate in
biochemical reactions as a reducing or oxidizing
agent and can bind readily to many enzymes in
both the oxidation states (14,15). Because of this
dual role, copper can be essential or toxic
depending on the oxidation states (16).
Intracellular copper is not free but it is bound/
chelated to either transport proteins such as
ceruloplasmin and copper-albumin, storage

proteins (metallothioneins), or copper containing
enzymes (17,18). Some of the copper dependent
enzymes for the normal function of the cells and
tissues are cytochrome c oxidase, Cu/Zn
superoxide dismutase (SOD1), ceruloplasmin
(Cp), and dopamine β-hydroxylase (Table 1).
Either a deficiency or an excess of Cu can result
in serious consequences to the organism. When
the Cu concentration is insufficient, cells do not
have enough copper for production of active
enzymes, since Cu is  important functional
catalytic center for some enzymes. The
decreased production of active enzymes leads
to a decline of metabolic activity. For example,
cytochrome c oxidase, involved in energy
metabolism, is negatively affected by unusually
low Cu concentrations since it does not produce
active enzyme under these conditions. Therefore,
the cell is unable to carry out its essential
metabolic activity (19). In addition to the enzymes
involved in energy metabolism, other enzymes
are responsible for the removal of cellular free
radicals is greatly affected when the available Cu
is decreased. The clearest case for this is that of
superoxide dismutase (SOD), which has Cu and
zinc at its catalytic center (20). On the other hand,
an excess of Cu is associated with oxidative
stress and can be toxic at both the cellular and
tissue level. Cu is generally found in its bivalent
state (Cu2+), but,  in its monovalent form (Cu+), it
is able to transfer one electron and generate
reactive oxygen species (ROS) such as hydroxyl
radicals (21,22). These radicals are responsible
for cellular damage due to protein oxidation, lipid
peroxidation in membranes and DNA damage
(Fig. 1).

In biology, copper is vital for cells because
it participates directly in the biological processes,
but can become toxic on overexposure. The
toxicity of this metal makes them dangerous for
the body at certain levels of micromolar
concentration. Hence, controlled metal
homeostasis is essential. Public health point of
view, importance of its deficiency or excess in the
human body is the subject of current research. It
is estimated that an healthy adult human body

Govindaraja et al
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Table  1. Some enzymes in humans that use copper a cofactor

Cu containing enzymes Functions Consequences of
loss or deficiency

Tyrosinase Synthesis of dopamine, epinephrine, Loss of pigmentation :
norepinephrine which are the important albinism
neurotransmitters. It also assists the
synthesis of melanin.

Dopamine β-hydroxylase Norepinephrine synthesis Hypoglycemia,
hypotension

Ceruloplasmin A carrier protein required for normal Anemia,
Fe metabolism and antioxidant  production Neurodegeneration,

Diabetes.

Cytochrome c oxidase Energy production through electron Respiratory deficiency,
transport chain in the mitochondria. Encephalopathy, Cardiac
Reduces oxygen to water in muscle and failure
other tissues.

Cu/Zn Superoxide dismutase anti-oxidant property/ Antioxidant defense Oxidative stress,
Neurodegeneration,
Hepatocellular carcinoma

Lysyl oxidase Covalent cross-linking of collagen and Arterial aneurysms,
elastin Cardiovascular dysfunction

Fig. 1. Generation of free radicals and its
machanism of induced Neurodegeneration,

 Role of Copper on DNA Conformational Polymorphism

around 1-1.6 mg which meets body needs.   There
is a continual turnover of copper with most of it
being recycled.  About 15% of the copper
absorbed from the diet and the remaining 85% is
excreted as bile; liver plays a central role in copper
homeostasis. Copper is absorbed via the intestinal
epithelium in to the blood circulation, where it is
bound/chelated to the albumin, transcuprin or
histidine and forms an exchangeable pool of
Cu(II). Liver is a central organ in copper
metabolism as it receives all dietary copper and
regulates the whole body copper content by
excretion in the bile. The balance between
intracellular and extracellular content of copper
is driven by cellular compartmentalization (24).
The balance between copper necessity and
toxicity is achieved both at the cellular and the
tissue and organ levels.  Cells regulate the traffic
of copper ions and maintain the amount necessary

(70 kg) contains 110 mg of copper of which, 10
mg in the liver, 8.8 mg in the brain, 6 mg in the
blood, 46 mg in the skeleton and bone marrow
and 26 mg in the skeletal muscle (23). WHO
recommended daily intake for adult body is
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of superoxide anion radical  can be reduced to
cuprous ion [Cu(I)] and it is the most toxic ion,
which can induce the production of more reactive
ROS such as highly reactive hydroxyl radicals
through the decomposition of hydrogen peroxide
via the Fenton or Harber–Weiss reactions (26).
Biomolecular damage may occur from the
reaction of O

2

-• with copper (II) as follows.

Cu(II) + O
2
•-→ Cu(I) + O

2

Cu(I) + H2O2 → Cu(II) + OH• + OH-

The hydroxyl radical is highly reactive with
a half-life in aqueous solution of less than
1 nanosecond (27), hence, it instantaneously
reacts with DNA, proteins, membrane lipids,
resulting in extensive impairment of cellular
functions. Interaction of •OH with DNA causes
severe damage to DNA, which ultimately leads

Table 2. Evidence for the metal Dyshomeostasis in Alzheimer’s Disease (AD)

Copper Iron Zinc

Control neuropil 4 μg/g 19 μg/g 23 μg/g
Total amyloid plaque 25 μg/g 53 μg/g 69 μg/g
AD neuropil 19 μg/g 39 μg/g 51 g/g

Source: Lovell, M. A., Robertson, J. D., Teesdale, W. J., Campbell, J. L. and Markesbery, W. R.
(1998). Copper, Iron and Zinc in Alzheime’s disease senile plaques. J. Neurol  Sci., 158:47-52.

Fig. 2. Machanism of oxidative stress induced cell death

Govindaraja et al

for biological functions avoiding excess levels.
Increase or decrease in the copper level in the
cells due to failure of copper homeostasis may
lead to many diseases including neurodegenera-
tive disorders such as Alzheimer’s disease.
Copper levels in normal and AD brain are shown
in table-2.

Copper and oxidative stress
Copper is a redox-active metal that

participates in diverse metabolic processes in
living organisms. Copper is known to have a
definite role in the nucleus. It is an essential
component of chromatin and is involved in
chromatin scaffold proteins. Physiologically, it
exists both as oxidized Cu (II) and as reduced
Cu (I), and can bind readily to many enzymes in
both oxidation states, preferentially via thiol
groups (25). The cupric ion [Cu(II)] in the presence

,
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to mutations, such as strand breaks and oxidation
of bases (28).  It has been proposed that the
extent of DNA strand breaking by •OH is governed
by the accessible surface areas of the hydrogen
atoms of the DNA backbone. In intact cells, the
damage to DNA may come from endogenous
copper ions exposed to oxidants (Fig-2), which
will affect adversely the biological processes, such
as signal transduction and transcription.

Brain is vulnerable to oxidative stress, since
it utilizes about 7.3% of total body copper, which
is comparable to that of the liver (about 9%)
(29,30). The brain comprises 2% of the total body
mass, but it exhibits the highest rate of oxidative
metabolism, consuming about 20% of total body
oxygen inspired and carries out the ATP turnover
at a high rate (31). Since approximately 5% of
the oxygen consumed by cells is estimated to be
reduced to ROS, relatively higher amounts of
ROS may be generated in the brain as compared
to other tissues that use less oxygen. Moreover,
the brain is rich in poly-unsaturated fatty acids,
amino acids and neurotransmitters, which are
particularly susceptible to ROS damage (32-34).
Paradoxically, the brain is endowed with
disproportionately low levels of antioxidant activity,
which makes it particularly susceptible to oxidative
stress (35). Over exposure to oxidative radicals
can adversely affect gene expression and basic
metabolic processes (36). Increasing evidence
suggests that oxidative stress is associated with
normal aging, and neurodegenerative diseases
such as AD, PD, Huntington’s disease (HD) and
ALS (37-40). Several studies suggest that
mutations acquired during ageing by nuclear and
mtDNA can contribute to physiological decline
occurring with age and age-related
neurodegeneration (41-42). Various studies report
the action of copper-containing compounds in the
induction of DNA damage. Becker et al (43)
reported that the DNA strand breaks in PM2
phage DNA were  induced by aliphatic and
aromatic aldehydes in combination with CuCl

2
.

Therefore, the increased oxidative DNA damage
may lead to DNA instability in neuronal cells. The
decrease in anti-oxidant defenses and a reduction

in base excision repair may contribute to reduced
gene expression in the human brain. DNA
damage may contribute to reduced gene
expression (44), which may influence the rate of
subsequent functional decline and the
vulnerability of the brain to age-related
neurodegenerative diseases.

Copper and Apoptosis : Copper is a redox
active metal. Exposure of excessive copper to
cells and tissues  can result in acute damage to
the cell membranes. This leads to loss of cell
integrity and thereby cell death. Chronic excessive
copper accumulation in brain and other organs
lead to the   production of reactive oxygen species
(ROS). ROS are products of normal cellular
metabolism  and  plays  a  dual  role  as  both
deleterious and beneficial species (45). Beneficial
effects of ROS occur at moderate concentrations
and involve physiological roles in cellular
responses to noxia, in defense against infectious
agents and in the function of a number of cellular
signaling systems (46). The harmful effects of free
radicals include oxidative stress and this occurs
in biological systems when there is an
overproduction of ROS on one side and a
deficiency of enzymatic and non-enzymatic
antioxidants on the other (47-49). Disturbances
in the normal redox-state of cells can cause toxic
effects through the production of highly reactive
free radicals that damage to biological molecules
inhibiting their normal function, which may be
implicated in a number of human diseases as well
as in the ageing process (50-52). Further, some
reactive oxidative species act as cellular
messengers in redox signaling. Thus, oxidative
stress can cause disruptions in normal
mechanisms of cellular signaling.

Over accumulation of copper in brain and
other organs will increase in the rate of radical
formation leading to several undesirable effects
of proteins, lipids and DNA damage leading to
cell death. This oxidative damage/stress is
believed to be involved not only in the toxicity in
the brain but also in the impairment in neuronal
and endocrine function, which can lead to cell
death (53). It is reported that the DNA damage in

 Role of Copper on DNA Conformational Polymorphism
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AD brain occurs due to  oxidative stress (54).
Literature data   and our un published data
suggests  that  copper  at  the  micromolar
concentrations may  lead to structural alterations
in DNA that may cause the DNA damage and
impairment in neurons, and ultimately neuronal
cell death (apoptosis).

Copper induced DNA damage : ROS formed
due to excess amount of copper in cells can
damage cellular macromolecules, such as nucleic
acids, lipids, and proteins (55). Hydroxyl radical
is known to react with all components of DNA
molecule in nucleus and mitochondria. It slots in
to DNA double bonds of DNA bases as well as
deoxyribose backbone, interacts with purine and
pyramidine bases and also with the deoxyribose
backbone, and causes permanent damage to
DNA (56). Exposure of DNA to copper ions has
been reported to result in single strand and
double-strand breaks, affecting DNA-DNA and
DNA-protein interaction and DNA base
modification that could lead to alterations in
transcription, incorporation of replication errors,
genomic instability (57-59) and induction of signal
transduction pathways (60).  Several reports
indicate that guanine is the most vulnerable to
oxidative damage (61- 62). It is well established
that OH• radicals adds to position 8 in the ring
structure of guanine in DNA, and forms an initial
product called 8-hydroxy-2-deoxyguanosine
radical (8OHdG) (63), which is a good biomarker
of oxidative stress of an organism and a potential
biomarker in the pathogenesis in Alzheimer’s
disease (64, 65). Oxidative genomic DNA
modifications, oxidative damage and the induction
of mutation in DNA may participate at multiple
stages of neurological disorders. Because of the
critical role of DNA in cellular function, oxidative
damage to DNA may be one of the important
factors in neuron degeneration in AD as reported
by Nunomura et al (66). Copper ion induces
significantly more DNA base damage, showing a
propensity for guanine-containing regions (67).
Copper is an important structural metal ion in
chromatin, being present at about one copper ion
per kilo base (68,69). For these reasons, there is

increased interest in the ability of copper ion to
participate in DNA damaging reactions in vivo.
Mutation or disrupted expression of genes that
increase DNA damage often result in premature
aging. Oxidative DNA damage has effects on cells
and is intermediate biomarkers of a disease,
which plays a role in the etiology of neurological
disorders.

Copper-induced conformational changes in
DNA : DNA is a supercoiled negatively charged
polymer of nucleotide units and found in cells
usually as right handed double helix, B-DNA. The
two strands have complementary sequences of
nucleic acid bases, with the sugar-phosphate
groups on the outside and the base pairs linked
with the hydrogen bonding in the interior is inter
twined in a helix. The positively charged copper
ions interact directly or indirectly with the sites of
negatively charged residues of DNA and it will
result in conformational changes of the DNA
structure. The binding sites on DNA could be the
negatively charged phosphates of the backbone
of both the strands and the electron donor atoms
of the bases arranged in the helix. The
predominant mode of copper binding takes place
at the N7 and O6 of guanine and N1 of adenine
bases and the N3 of cytosine bases, but copper
will not bind to thymine. Binding of copper (II) ions
to A-T base pairs is much less effective than
binding to G-C base pairs. Copper is a redox trace
metal essential for many biochemical processes.
Because of the partially filled d-orbitals, they
readily lose their water molecule and give inner
sphere coordinated complexes (70). Reports of
many authors show that copper binds directly to
the bases and indirectly to the phosphate groups.
Copper reacts chemically with the N

7 
of guanine

and N
3
 of cytosine (71) and perturbs the double

helix, which leads to the change of conformation
and damage to the DNA. This change in
conformation leads increased vulnerability to
oxidation induced by ROS. It also damages the
DNA through radical generation. It was
theoretically postulated that the guanine base
present in DNA would be more susceptible to •OH
radical induced conformational variations due to

Govindaraja et al
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overexposure to copper (72). When copper binds
to stacked G-C base pairs, the DNA backbone
conformation distorted and therefore, a change
in conformation of B-DNA to an altered B-
conformation takes place due to unwinding of the
helix, which affects the DNA-protein interaction.
The conformations of DNA and associated
proteins are critical to the replication and
transcription.

The conformational changes induced in
native DNA by binding with copper (II) ions were
of special interest, because it has been suggested
that copper ions are able to regulate local DNA
secondary structures. The B-form DNA are
characterized by a positive long wavelength band
at about 260–280 nm and a negative band around
245 nm. However, the position and amplitude of
the CD bands show marked differences in terms
of sequence diversity (73).  Pertz et al (74)
reported changes in DNA conformation in the
presence of copper.  Woisard et al (75) reported
right handed B-DNA to Z-DNA (left handed helix)
conformation conversions induced by copper and
copper complexes.  Poly d(GC).d(GC) oligonu-
cleotide with alternating G-C sequence can exist
in a left handed as well as a right handed
conformation (76). Our study (77) and other
studies (78,79) show that Al-maltolate  induces
the left handed Z-form of DNA with a characteristic
negative band at 290 nm  and a positive band at
270 nm  and extremely deep negative band at
205 nm. Z-DNA has characteristic zig-zag
phosphate backbone and the uniform alternating
Watson-Crick base pairing is achieved by purines
adopting syn conformation and C3’-endo sugar-
pucker. Z-DNA forms excellent crystals. These
features of major DNA conformations are
summarized in Table-3 and CD spectral data is
summarized in Table-4. CD changes of Z-DNA
were also noticed in (CCG)

12
 sequence (80) and

scDNA (81). These findings may be applicable to
DNA in the presence of copper. Thus, the
interactions of Al and Cu with DNA at different
sites can lead to a variety of changes in DNA
structure.

The stability of the DNA double helix is very
important for DNA structure; slight variations in
the DNA sequence can have profound
implications on the stability of the DNA. In addition
to hydrogen bonding, base stacking, interaction
with copper(II) ions with DNA  plays an important
role in DNA duplex stability (82). At higher
concentrations of Cu(II) ions and increased
temperatures, an increase in Tm was observed
due to DNA damage, which was resulted due to
perturbation of DNA base stacking (83)

Supercoiling is an important aspect of DNA
physiology in both prokaryotes and eukaryotic
cells. Supercoiling-induced alterations in DNA
structure and dynamics could affect the
interaction with Copper. Copper preferentially
binds to N

7
 atom of guanine and at least is capable

of forming chelation complexes with the O
6
 in the

same guanine and with other nearby bases
resulting the 8-oxoG and strand breaks. Copper
bind to G-C bases and breaks the hydrogen
bonds between bases, thus tilts the bases leading
to conformational change from  B-DNA to C-DNA
(84). The binding of copper to DNA leads to DNA
damage through  radical generation from
oxidation by H

2
O

2 
(85). Double strand breaks,

cross-linking and mispairing of DNA as a result
of oxidative DNA damage have shown the positive
role of aberrant copper. These changes in DNA
conformational effects have important
implications for genetic information transfer and
activity of RNA polymerase. Conformation of the
DNA is important for the normal activities of the
cellular processes (86). Any change caused by
Cu or Al in the conformation of DNA, alters the
ability of the DNA to act as a template for RNA
synthesis that also affects the function of neurons
and the neurotoxic effects (87).

Dopamine is one of the neurotransmitters
and plays an important role in neuronal function.
In PD, dopaminergic neuronal cell loss is
observed, which alters the levels of dopamine
contributing to movement disorders. Even though
it is an essential neurotransmitter required for the
neuronal function, at high concentrations it
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becomes cytotoxic in the presence of copper and
induces oxidative stress leading to DNA damage
(88, 89). Several groups showed a possible link
between copper-mediated oxidative DNA damage
and dopaminergic neuronal cell death (90, 91). It
is reported that dopamine content  in CSF is 30±
6 pg/ml in AD, compare to that of the normal 10±
6 pg/ml. Dopamine induced DNA damage in the
presence of Cu(II) ions normally takes place  in
the brain leading to  dopaminergic neuronal cell
death (92). Copper induced conformational

changes in DNA are more progressive in the
presence of dopamine, and can significantly
disturb neurotransmission in a more systematic
manner in the brain of AD patients and thus play
an important role in neuropathology of AD and
PD.

Effect of copper on gene expression and
health : DNA conformations play a vital role in
gene expression (93). B-DNA a predominant
conformation participates in the gene expression.
Any conformational change in the region of the
gene is likely to have a profound effect on the
transcription (94). Among the altered
conformations, altered B-DNA and Z-DNA are
observed in the promoter region of specific genes
and correlated to their expression patterns (95).
Copper dependent transcription factors regulate
transcription of specific genes (96, 97). Genes
regulated by copper-dependent transcription
factors include genes for copper/Zinc superoxide
dismutase (Cu/Zn SOD), catalase and proteins
related to the cellular storage of copper. In yeast,
copper promotes expression of enzymes
protecting against oxidative stress, while it
suppresses expression of genes that transport
copper in to cells (Ctr1 and Ctr3) as well as
reductases. Cleavage of the DNA strand by
copper induced oxidative damage has the ability
to cause the conformational change and become
toxic to cells (98, 99). DNA damage in the brain
has been implicated in a number of
neurodegenerative diseases, such as Alzheimer’s
disease (AD).

SOD-1 has a major role in the defense
against oxidative stress by catalyzing the
dismutation of O

2

.- to molecular oxygen (O
2
) and

H
2
O

2 
 using  copper as cofactor,

 
which can be

converted by catalase and glutathione peroxidase
( GPX) to water. Imbalance in the ratio of the
reaction, results in the accumulation of H

2
O

2
. A

recent observation reveals that SOD-1 forms
proteinaceous aggregates that are related with
senile plaques in AD brain and these are
implicated the involvement of oxidative damage
to SOD-1 in the AD pathogenesis (100).
Enhanced antioxidant enzyme activity may affect

Govindaraja et al

Fig. 3. Copper interaction with scDNA involved in
copper mediated genotoxicity as well as oxidative
damage via different mechanisms in brain cells
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the gene expression by altering the binding and/
or availability of transcription factors such as
nuclear factor kappaB (NFκB) (101) and the
activator protein AP-1 (102) to DNA.

 In humans, two Cu(I)-ATPases, ATP7A and
ATP7B are expressed in all the tissues,
particularly in the brain and the heart. ATP7B is
predominant in liver and expressed in small
amounts in brain and in both the genes mutations
were discovered. The importance of ATP7A and
ATP7B in copper homeostasis is illustrated by two
genetic diseases, arising from these mutations,
which promote the dysfunction of the ATPases
and are sources of  severe diseases, the Menks
syndrome for ATP7A and the Wilson disease for

ATP7B (103,104). Menkes disease occurs due
to copper accumulation in intestinal cells and
copper deficiency in blood. As a result, essential
cuproenzymes lack their cofactor and death
occurs during early childhood (105). The Wilson
disease results in copper overload in the liver and
brain with risk of cirrhosis and neurological
problems, and this disease is fatal in the absence
of treatment. Both deficiency and overload of
copper in human body has a consequence on
health. B-DNA is a highly variable structural form
of the DNA double-helix, and the sequence
dependent structural variations play a critical role
in protein recognition and binding. Changes in
DNA conformation (altered B-DNA, A-DNA,
CDNA and Z-DNA) can potentially affect various

 Table 3.  Structural  parameters of  DNA helices

Structural parameters A-DNA B-DNA Z-DNA

Direction of helix rotation Right handed Right handed Left handed

Residue per helical turn 11 10.5 12

Axial rise per residue 2.55A° 3.4A° 3.7A°

Pitch (length) of the helix 2.82A° 3 4A° 44.4A°

Base pair tilt 20° -6° 7°

Rotation per residue 32.7° 34.3° -30°

Diameter of helix 32A° 20A° 18A°

Back bone Altered smooth path Smooth  path Zigzag path

Configuration Anti Anti Anti
Glycosidic bond Anti Anti Syn
Sugar puckering C3’ endo C2’ endo C2’ endo

Source: Sinden, R.R ( 1994). DNA structure and Function. Academic press Inc , London p.27

Table 4.  Copper-induced conformational changes in DNA

  Conformation                          CD at Wavelength

~240-250 nm ~260-270 nm ~280-290 nm
A-DNA Weakly negative Strongly positive Strongly positive
B-DNA Negative Zero Positive
C-DNA Negative Positive Positive
Z-DNA Positive Positive Negative
Ø-DNA  ———- Negative Negative

 Role of Copper on DNA Conformational Polymorphism
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DNA reactions, including replication, transcription
and epigenetic modifications (106), which may
cause diseases in humans.

Conclusions
Copper exists in the  cell  nucleus  at a

relatively high concentration and closely
associated with chromosomes and bases.
Copper ions bind to the DNA, leads to DNA
damage in two mechanisms. The “direct” damage
may involve conformational  changes of  DNA.
On the  other  hand,  “indirect”  damage  is  a
consequence of copper induced formation of
reactive oxygen species involving superoxide is
shown in Fig. 3. B-DNA conformation is essential
for the normal activities of the cell. Any variations
in the conformation leads to changes in DNA
conformation (altered B-DNA, A-DNA, C-DNA and
Z-DNA), which can potentially affect various DNA
reactions, including replication, transcription and
epigenetic modifications. These conformational
variations will have a biological importance in
relevance to the brain disorders. Copper and its
impact on the conformations of nucleic acids and
production of ROS emphasizes the role of copper
in the brain disorders, including Alzheimer’s
disease and Parkinson’s disease. The histone
and non-histone proteins present in chromatin
protect the bases in DNA from oxidative DNA
damage.
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NEWS ITEM

A Group of Brigham and women's Hospital,
and Harvard Stem Cell Institute Researchers,
and Collabo-rators At Mit and Massachusetts
General Hospital Have Found a way to use
Stem Cells as Drug Delivery Vehicles on Oct.
4th, 2013

The researchers inserted modified strands of
messenger RNA into connective tissue stem cells --
called mesenchymal stem cells -- which stimulated
the cells to produce adhesive surface proteins and
secrete interleukin-10, an anti-inflammatory molecule.
When injected into the bloodstream of a mouse, these
modified human stem cells were able to target and
stick to sites of inflammation and release biological
agents that successfully reduced the swelling.

"If you think of a cell as a drug factory, what
we're doing is targeting cell-based, drug factories to
damaged or diseased tissues, where the cells can
produce drugs at high enough levels to have a
therapeutic effect," said research leader Jeffrey Karp,
PhD, a Harvard Stem Cell Institute principal faculty
member and Associate Professor at the Brigham and
Women's Hospital, Harvard Medical School, and
Affiliate faculty at MIT.

Karp's proof of concept study, published in the
journal Blood, is drawing early interest from
biopharmaceutical companies for its potential to target
biological drugs to disease sites. While ranked as the
top sellers in the drug industry, biological drugs are
still challenging to use, and Karp's approach may
improve their clinical application as well as improve
the historically mixed, clinical trial results of
mesenchymal stem cell-based treatments.

Mesenchymal stem cells have become cell
therapy researchers' tool of choice because they can
evade the immune system, and thus are safe to use
even if they are derived from another person. To modify
the cells with messenger RNA, the researchers used
the RNA delivery and cell programming technique that
was previously developed in the MIT laboratory of
Mehmet Fatih Yanik, PhD. This RNA technique to
program cells is harmless, as it does not modify the
cells' genome, which can be a problem when DNA is
used (via viruses) to manipulate gene expression.

"This opens the door to thinking of messenger
RNA transfection of cell populations as next generation
therapeutics in the clinic, as they get around some of

the delivery challenges that have been encountered
with biological agents," said Oren Levy, PhD, co-lead
author of the study and Instructor of Medicine in Karp's
lab. The study was also co-led by Weian Zhao, PhD,
at University of California, Irvine who was previously
a postdoctoral fellow in Karp's lab.

One such challenge with using mesenchymal
stem cells is they have a "hit-and-run" effect, since
they are rapidly cleared after entering the bloodstream,
typically within a few hours or days. The Harvard/MIT
team demonstrated that rapid targeting of the cells to
the inflamed tissue produced a therapeutic effect
despite the cells being rapidly cleared. The scientists
want to extend cell lifespan even further and are
experimenting with how to use messenger RNA to
make the stem cells produce pro-survival factors.

"We're interested to explore the platform nature
of this approach and see what potential limitations it
may have or how far we can actually push it," Zhao
said. "Potentially, we can simultaneously deliver
proteins that have synergistic therapeutic impacts."

Acceptance Speech by the President Of India,
Shri Pranab Mukherjee at the Ceremony
Conferering Honoris Causa by the University
Of Istanbul, Turkey on October 5th 2013

Today, despite challenges, and occasional
setbacks, India is no longer defined by her problems
but by her achievements and the opportunities it offers.
We have become a trillion dollar economy, the largest
in Southeast Asia. We also have the largest middle
class in the region. The last decade has seen India
emerge as one of the fastest growing nations in the
world. During this period, our economy grew annually
at an average rate of 7.9 per cent. We are self-sufficient
in food grains production, the largest exporter of rice
and the second largest exporter of wheat. However,
achieving equitable economic growth is still a
challenge. So also is the complete elimination of
poverty, although a declining trend in the poverty rate
is clearly visible.

Rapid creation of employment opportunities is
an essential aspect of good governance. It is the
approximately 350 million middle-class Indian citizens
that have put India on the world map over the past
two decades or so. In my Address to the Indian nation
on the eve of 15th August, which marked the
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66thAnniversary of our Independence, I referred to
the need to provide our citizens entitlements backed
by legal guarantees in terms of right to employment,
education, food and information. We also need to
ensure that these entitlements lead to real
empowerment of the people. It will be essential to
develop and sustain robust delivery mechanisms to
make these legislations work.

Our trajectory of high level growth will need to
be sustained. Our continued success will need to be
earned. In spite of our achievements during these
transformational decades, there remains much work
to be done. Indeed, sustaining India’s transformation
will require the hard work and diligence of the country’s
people, and particularly, good governance that its
leaders have to steer. We will have to also strengthen
the rule of law and good governance practices. We
will have to ensure harmonious relations among our
diverse ethnic and religious groups which, in a secular
polity, is of supreme importance for nation building.

I certainly hope that with all this, in 2047—after
one hundred years of independence—my vision of an
India fully transformed into a democratically mature,
stable and peaceful nation with freedom and
opportunity for all will become a reality. It will be an
India that is economically prosperous at all levels of
society. In 1947, with an India coming into being after
two centuries of colonial rule, many would have
thought this vision as being far-fetched, but as
envisioned by our national leaders, I am proud to say
that today, this is a future well within our reach.

I am reminded of the Nobel laureate Indian poet
and philosopher, Rabindranath Tagore whose work,
Geetanjali, includes these lines which summarize my
hopes and dreams for a successful and fully developed
India ready to take its rightful place in this world:

Giant  Moon-forming  impact  blew off  Earth's
atmosphere   have  been  proposed   on  Oct
6th, 2013  scientists, including one of Indian-
origin.

The lunar body came into existence after several
planet-size space bodies smashed into the early Earth
one after the other, researchers said.

Scientists, until now, believed it was unlikely that
the early Earth could lose its atmosphere because of
a giant Moon-forming impact.

The study is based on recent research showing
that at its infancy Earth had magma oceans and was
spinning so rapidly that a day was only two or three

hours long. They also looked at elements found in
volcanoes that sample the upper mantle, such as mid-
ocean ridge basalts at the bottom of the Atlantic, the
report said.

They found that elements in the deep mantle
that retain a very ancient chemistry, from the times of
the Earth's formation, are very different from those in
the upper mantle found today.

China’s smog polluting Fuji, new  study says
“Whenever readings were high, winds were

blowing from the continent (China),” Osamu
Nagafuchi, the lead scientist on the study, said
recently.

Mount Fuji was chosen “because it’s a place
unaffected by urban pollution,” said Nagafuchi, an
environmental science professor at the University of
Shiga.

Pollution levels on Mount Fuji have been
monitored annually since 2007, he said, adding the
decision to carry out the study on the 3,776-meter peak
had nothing to do with it being designated a UNESCO
World Heritage site earlier this year.

The designation, delayed by years of efforts to
remove tons of trash from the iconic peak, which
figures heavily in Japanese art and literature, preceded
this summer’s climbing season.

Mercury levels around the top of the mountain
were up to double the levels detected in other places
free of heavy pollution, according to the survey,
conducted in August with nonprofit group Valid
Utilization of Mount Fuji Weather Station.

The mercury levels were as high as 2.8
nanograms per cu. meter of air. That exceeds the 1.0
to 1.5 nanograms normally detected in clean locations
but is well below the government’s 40-nanogram
threshold for posing risks to human health. A nanogram
is one-billionth of a gram.

The higher-than-expected readings are likely
due to Chinese factories burning coal, which releases
mercury and other toxic elements such as arsenic,
whose levels were also elevated, according to Nagafuchi.

The study comes as fast-industrializing China
wrestles with a severe urban smog problem linked to
hundreds of thousands of premature deaths. Last
month, the Chinese government vowed to reduce
levels of atmospheric pollutants in Beijing and other
major cities by as much as 25 percent to try to improve
their dire air quality.
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