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Integrity and Bioactivity of Insulin Loaded PLGA

Abstract
 Poly lactic-coglycolic acid polymer

nanoparticles of insulin were prepared by a novel
aqueous based mixed micelle (MM) method and
traditional emulsion solvent evaporation method
that use organic solvents.  The particle size and
entrapment efficiency and insulin release from
the nanoparticles were determined. The integrity
of the entrapped insulin, bioactivity and
immunogenicity were investigated using MALDI
MS, cell viability assay, and ELISA tests. The
pharmacodynamic activity of the entrapped insulin
in nanoparticles was compared with its
subcutaneous administration in diabetic rats.  The
nanoparticles released 50% of insulin immediately
at pH 7.4, followed by slow release of the
remaining entrapped insulin.  At pH 1.2, complete
release of insulin occurred within 5 minutes. At a
pH closer to PI of insulin, the burst release
decreased to 8%. The molecular mass, cell
viability and Elisa test showed that insulin retained
its integrity and activity.  The blood glucose levels
in rats showed sustained reduction following the
administration of insulin loaded nanoparticles
suggesting that insulin activity in nanoparticles
prepared by MM and ESE methods has remained
intact.

Keywords: Bioactivity, Immunogenicity, Insulin
integrity, Mixed micelle, Nanoparticles

Introduction
Recently, considerable progress has been

made in developing biodegradable nanoparticles
as effective vehicles for the delivery of proteins
and peptides (1). These polymer drug delivery
systems offer many advantages as they can carry
and deliver the drug to a target site, have the ability
to deliver proteins, peptides and genes, increase
the therapeutic benefits and minimize the side
effects of the drug (2,3). Also, they can control
the release of a pharmacologically active
component at the therapeutically optimal rate and
dose regimen and help to increase the stability of
drugs and proteins (4,5). The PLGA polymers,
being biocompatible, have been used as controlled
release delivery systems for parenteral and
implantable applications (6).  A successful PLGA
nanoparticulate system should have a high drug
loading capacity as it allows a small quantity of
the carrier during a single administration.  Insulin
is the most effective drug in the treatment of
advanced-stage diabetes. Despite the significant
advancement in the field of pharmaceutical
research, development of a proper insulin delivery
system remained a challenge (7).  The biological
half life of peptides is short and need frequent
and multiple administrations.  Their transport
across biological barriers is also poor, due to poor
diffusivity and lower partition coefficients. In this

Integrity and Bioactivity of Insulin Loaded PLGA Nanoparticles
Prepared by a Novel Aquesou Method and its Comparison to

Emulsion Solvent Evaporation Method

Mahmoud M. Ibrahim,1,2 Omaima A.Sammour,3 Mohamed Hammad,2

Nagia A. Megrab2, Xiaoling Li1 and Bhaskara Jasti1*

1Thomas J. Long School of Pharmacy and Health Sci, University of the Pacific, Stockton, CA, USA
 2Dept. of  Pharmaceutics, Faculty of Pharmacy, Zagazig University, Zagazig, Egypt

 3Dept. of Drug Technology, Faculty of Pharmacy, Ain Shams University, Cairo, Egypt

*For Correspondence -bjasti@pacific.edu



1085

Mahmoud et al

Current Trends in Biotechnology and Pharmacy
Vol. 5 (2) 1084-1097 April 2011. ISSN 0973-8916 (Print), 2230-7303 (Online)

respect, biodegradable nanoparticulate delivery
systems have been proposed for the safe and
controlled parenteral administration of peptides
(8). PLGA polymers possess various unique
properties for the design of sustained release drug
delivery application (9-11).  An aqueous dispersion
of insulin loaded PLGA nanospheres showed
complete bioactivity after pulmonary
administration in guinea pigs (12).  The bioactivity
of the entrapped protein need to be ascertained,
as high sheer force, organic solvents and
surfactants used in the nanoparticle preparation
have potential to inactivate them.  Homogenization
or sonication used to obtain a stable primary w/o
emulsion in w/o/w method can provoke cavitation
stress that may destroy proteins (13-14).  Insulin
encapsulated in various polyester and
polyanhydride nanospheres was found to retain
its bioactivity (15).  A modified o/o solvent
evaporation method used for the preparation of
insulin loaded PLGA micro-particles using
homogenous single phase in which insulin and
PLGA are dissolved (16).   This method also
depends on volatile organic solvents which have
harmful effects on both human and environment.
So, it is important to avoid the w/o interface and
organic volatile solvents during preparation of
protein loaded nanoparticles.  A novel aqueous
based method (mixed micelle method- MM
method) for the preparation of proteins
entrapment in PLGA nanoparticles was developed
in our laboratory (17).  In this method, insulin is
incorporated into mixed micelles of PEG/tween
dissolving PLGA polymer then polymer
precipitation in aqueous conditions.  This method
is similar to the nanoprecipitation technique but
without the use of organic solvents(14). It has
the advantage of avoiding organic solvents and
easy to prepare at room temperature. However,
the integrity and biological activity of protein
nanoparticles prepared by MM method is not
known. In this study, the bioactivity of insulin
PLGA nanoparticles prepared by aqueous based

MM method and other organic solvent based
methods were compared. The release profiles of
insulin nanoparticles at different pH were also
investigated. Additionally, the integrity,
immunogenicity, and biological activity of insulin
entrapped in nanoparticles prepared by different
methods were evaluated.

Material and Methods
Poly (lactic-co-glycolic acid) (PLGA),

50:50 DL2A, M.W., 10 kDa was obtained from
Alkermes, Inc. (Cincinnati, OH).  Polyvinyl
alcohol (PVA, M.W. 30-70 kDa), Bovine Insulin
(M.W. 5.7335 kDa), and sulphorhodamine B
(SRB) were purchased from Sigma-Aldrich (St.
louis, MO). Bicinchoninic acid (BCA) protein
assay kit was purchased from Pierce
Biotechnology Inc. (Rockford, IL). Dulbecco‘s
Modified Eagle‘s Medium (DMEM) was obtained
from Gibco BRL (Grand Island, NY).
Streprtozotocin purchased from Calbiochem, a
division of EMD Biosciences, Inc. (La Jolla, CA).
All other chemicals and solvents used were of
analytical grade.

Nanoparticle preparation
ESE method: To 100 µL of insulin suspension
(100 mg/mL) in distilled water, 10 mL of PLGA
solution in methylene chloride or ethyl acetate (4%
w/v) was added. The first water/oil (W/O) and
solid/oil (S/O) emulsions were generated by a
high-speed homogenizer at 22,000 rpm for 1 min
(Polytron® PT-MR 2100, Switzerland by
Kinematica AG). This primary emulsion was
added to 40 mL of ice cooled 1% w/v aqueous
PVA solution and homogenized at 22,000 rpm for
15 minutes to form the multiple emulsions (both
W1/O/W2 and S/O/W2). The emulsion was
stirred at room temperature in a hood with a
magnetic stirrer adjusted to 500 rpm overnight
(Tekstir ® 20, Tekpro/American Hospital supply
corp., Evanston, IL), to remove the organic
solvent.
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MM technique: The PLGA polymer was
dissolved into 10 mL of methoxy-PEG 350 in 4%
w/v. A stabilizer such as Tween 20 was added as
1% v/v of the final volume (50 mL). One hundred
microlitres of Insulin suspension (100 mg/mL) in
distilled water were added while stirring at 500
rpm for one minute, and then about 40 mL of
PVA solution (1% w/v) was poured while stirring
at 500 rpm. Nanoparticles were formed at once
and no further stirring was required. The
procedure was performed at ambient room
temperature.

Nanoparticles purification: The nanoparticles
were collected and purified by centrifugation and
washing by distilled water two times at 17,300 g
for 20 minutes. The purified suspension of
nanoparticles was then frozen and dried using
freeze dryer (FTS systems, Corrosion resistant
freeze dryer, Stone Ridge, New York, USA).

Protein entrapment efficiency: The amount of
insulin loaded into nanoparticles was calculated
indirectly as the difference between the total
amount of initial insulin added and the amount of
insulin determined in the supernatants obtained
during the purification step (18).  The results were
confirmed by dissolving 5 mg of the dried
nanoparticles into 3 mL of cold acetone and
centrifuged at 6,000 rpm to separate the
precipitated protein.  The precipitated protein was
dried under vacuum at room temperature for 3
hours and then dissolved into 1 mL of distilled
water.

BCA  protein assay kit was used to
determine the amount of protein entrapped and
the method termed as direct method of
determining the EE%. A standard calibration
curve was established using serial protein
concentrations from 10 to 150 µg/mL and the color
produced was estimated using UV-Visible
spectrophotometer (UV-1601 – Shimadzu) at
wave length of 562 nm. The protein entrapment
efficiency (EE %) was defined as the percentage

of protein loaded relative to the initial amount of
the insulin.

Particle size determination: Particle size was
determined using a photon correlation
spectroscopy (PCS) with a Zetasizer 3000HS
(Malvern Instruments Ltd., UK). Each blank
nanoparticle batch was appropriately diluted with
double distilled water just after production and
after freeze drying. Mean size was measured
three times for each batch.

Zeta potential determination: Zeta potential of
each nanoparticle composition was determined
by Zetasizer 3000HS (Malvern Instruments Ltd.,
UK). Zeta potential was measured by diluting a
sample of formulation 1:16, with phosphate buffer
of different pH values (6.8, 7, and 7.4). An
average of three readings was recorded.

Nanoparticle morphology: Nanoparticle shape
and morphology were analyzed by scanning
electron microscopy (SEM) (Hetachi 26100,
Japan). Freeze dried nanoparticles were placed
on a metal stub coated with gold under vacuum.
Concentrated nanoparticle dispersions prepared
by the MM method were finely spreading over
the metal stub and left to dry under vacuum then
coated with gold.

In vitro release studies: The freeze dried
nanoparticles were suspended in phosphate buffer
(pH 7.4 or 5.6) or in pH 1.2 buffer as 1mg/mL in
20 mL glass vials. The suspension was placed in
a shaking water bath at 370C in dark conditions.
From this, 1 mL samples were withdrawn at 0.08,
0.5, 1, 6, and 24 h after incubation. Samples were
centrifuged as mentioned before and supernatants
were assayed by reversed phase HPLC. The
percentage of insulin released was plotted as a
function of time (19).

Quantitative analysis of insulin: The amount
of insulin released into the medium was quantified
using an HPLC equipped with UV detector (SPD-
10A- UV-VIS- Shimadzu), waters TM 600 pump
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and WatersTM 717 plus autosampler (Millipore,
USA). The mobile phase consisted of distilled
water (70%) and acetonitril (30%) with
trifluroacetic acid (0.1%) and 0.6 mmol sodium
sulfate. Chromatography was performed using
C18 reversed phase column (Nova-Pak C18,
3.9X150 mm, WatersTM, Ireland) at a flow rate
of 1.5 mL/min and the eluent was monitored at
220 nm. The concentration of the insulin was
determined by integration of the peak area using
the external standardization method. All
measurements were conducted in triplicate.

Insulin Integrity: Insulin released from
nanoparticles was characterized using MALDI-
TOF MS to assess the molecular mass (20).
Nanoparticles were dissolved in acetone, dried
at room temperature under vacuum. These
samples containing insulin were reconstituted in
1 mL of 0.01 N HCl. Reference insulin solution
was also prepared the same way by dissolving
into 0.01 NHCl. Aliquots of 2 µL samples were
then mixed with 8 µL of the matrix (α-CHCA) in
solution (10 mg/ml in 0.1% TFA and 50%
acetonitrile solution) and 2 µL of the mix was
allowed to dry on a plate in a solid spot under
vacuum. The plate was then inserted into the
mass spectrometer.

MALDI-TOF MS experiments were
conducted on a MALDI-TOF instrument
(Shimadzu, Japan) using a 337-nm nitrogen laser.
Spectra were acquired in positive ion linear mode
(Acceleration voltage 33 kV).

Immunogenicity of insulin: The immunogenicity
of insulin was assayed by an ELISA test
(Mercodia,Uppsala, Sweden). Accurately
weighed amounts of nanoparticles were dissolved
into acetone and centrifuged to precipitate the
protein and the supernatant containing PLGA
polymer was discarded. Samples were washed
twice by acetone and centrifuged to separate the
pure insulin. Samples were then vacuum dried

and re-dissolved in distilled water in the
concentration range of (1–200 mU/L) using the
manufacture’s protocol and its relative bioactivity
was calculated by comparison with values
obtained by BCA analysis of the same aliquots
(21).

Cell viability assay: MCF-7 cells were grown
into 96 well plates in 5,000 cells per well for 24 h
at 37 °C, 5% CO2 in DMEM + 5% heat
inactivated fetal bovine serum, non-essential
amino acids, and L- glutamine (200 mM). The
cells were serum and insulin starved for another
24 h and then incubated with insulin or
nanoparticles carrying insulin in concentrations
of 7.5, 10, and 12 µg/mL for 48 hours. Control
wells were treated similarly and PBS of pH 7.4
was added instead of insulin. Cell viability was
then estimated using SRB assay (22).

In vivo effects of insulin loaded nanoparticles
Animals / Conditioning: Male Sprague–Dawley
(SD) rats, body weight ranging 160–200 g were
used in the study.   The animal protocol was
approved by the Institutional Animal Care and
Use Committee of the University of the Pacific.
The animals were grouped in standard
polypropylene cages and maintained under
controlled room temperature (22±2 °C) and
humidity (55±5% RH) with 12:12h light and dark
cycle. All the rats are provided with commercially
available rat normal pellet diet and water ad
labium. If the weight of the animals increases
beyond 250 g, they were discontinued from the
study.

Induction of Diabetes: Diabetes was induced in
male rats (250  ± 30g) by an intra-peritoneal
injection of streptozotocin (65 mg/kg) in a 10 mM
citrate buffer at pH 4.5 (23). Streptozotocin
solutions were used within 30 min. Rats were
considered diabetic when blood glucose level was
higher than 300 mg/dL, a week after
streptozotocin treatment (24).
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Blood glucose levels after subcutaneous
administration of insulin nanoparticles: Insulin
Loaded nanoparticles (10 IU/kg) prepared by the
above different methods were injected to fed
diabetic rats. Free insulin (10 IU/kg), unloaded
nanoparticles and PBS (pH 7.4) were also
administered in control animals.  Samples of 1
drop of blood were withdrawn from the tail vein
at different time intervals and evaluated for the
glucose levels using OneTouch Ultra 2 glucometer
before injection and 0.5, 1, 1.5, 2, 3, 6, 8, 10, 12,
24, 48, and 72 hour post injection. Rats were
maintained fasted during the experiment up to 12
h and fed thereafter.

Statistical analysis: The mean and the standard
errors were calculated for each group. For group
comparisons a one-way analysis of variance
followed by the least significant difference (LSD)
as a post-hoc test was applied, using SPSS
program version 9 software. When P<0.05, the
difference was considered significant.

Results
Nanoparticles size , morphology and insulin
entrapment efficiency : In the present
investigation, insulin nanoparticles were prepared
by two different methods. An aqueous solvent
based method (MM) was found to be easier and
faster method for preparing PLGA nanoparticles.

As shown in Table 1, the size of the nanoparticles
produced using MM method were smaller (247
nm) than those prepared by solvent evaporation
method using dichloromethane (DCM) solvent
(472.63 nm). ESE (Et-Ac) method produced
nanoparticles of 257.9 nm which considered close
to that produced by MM method.  Morphological
analysis of nanoparticles by SEM showed a
homogenous distribution of spheroid particles with
different particle sizes and no insulin crystals were
observed. SEM photographs (Fig. 1) are clearly
showing the difference in particle size according
to the initial solvent used (each solvent
corresponds a different method of preparation).
All methods of preparation resulted in greater than

Table 1: Size, yield, and EE% of insulin nanoparticles prepared by different methods. (n=3).

Method of preparation Before freeze Yield (%) EE (%) Zeta

drying (mean+SD) (mean+SD) potential
Particle size (µm)

(mean+SD)
ESE (DCM; PLGA 75:25) 863.90+11.50 72.93+2.80 99.22+0.10 N/A

ESE (DCM; PLGA 50:50) 472.63+22.92 67.58+3.50 87.67+8.85 -8.1+ 5.00

MM (M-PEG- 350;  PLGA 50:50) 247.00+5.30 51.23+1.20 84.75+0.75 -3.8+ 4.3
ESE (Et-Ac; PLGA 50:50) 257.90+3.20 65.67+2.75 90.95+13.57 -1.3+ 1.1

Nanoprecipitation 248.40+2.20 56.67+4.25 89.00+1.83 -9.5+ 7.4
(Acetone; PLGA 50:50)

Fig. 1. Scanning electron micrographs of PLGA nanoparticles
prepared by ESE method using DCM (A, PLGA 50:50; and
Et-Ac (B), and mixed micelle method using methoxy Peg
350 as solvent (C).
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84% entrapment efficiency (EE) as shown in
Table 1. Of the different methods of preparation,
MM method resulted in lower EE%.  However,
there was no significant difference in Insulin EE%
compared to nanoparticles prepared by ESE
methods (p>0.05). All nanoparticles prepared by
different methods showed negative zeta potential
at pH 7.4.

Insulin Release from nanoparticles prepared
by different methods : The release of insulin
from nanoparticles prepared by different methods
was found to be biphasic (Fig. 2). The initial rapid
release (burst effect) was high, where, 52%, 52.4,
and 54.2% of the entrapped insulin was released
from nanoparticles prepared by ESE (DCM),
MM, ESE (ET-AC), respectively. This burst
release in the first 5 minutes was followed by
about 8% release of insulin after 30 minutes  in
case of ESE (DCM) and MM methods. On the
other hand, about 16% of insulin was released
from nanoparticles of ESE (ET-AC) method
following the burst release.  After the first 30
minutes, very slow release of minute amounts of
insulin was observed over 24 hours.

To use nanoparticles via the oral route, it
is important to test the release of insulin at
different pH range. Insulin release from
nanoparticles of ESE (DCM) method was
selected for the test as they show no significant
differences in release compared to MM method
(P>0.05). The release of insulin was significantly

affected by the external pH. Complete release
of insulin occurred in 5 minutes at pH 1.2 as
shown in Figure 3. However, the initial burst
release was only 8% at pH 5.6 and 52% at pH
7.4. After 24 hours, only 42.5% of insulin was

Fig. 2. Insulin release (%) from nanoparticles prepared by
different methods in phosphate buffer pH 7.4 at 370 C Data
represented as the mean+SD (n=3) Fig. 3. Effect of release medium pH on insulin release from

PLGA (50:50) nanoparticles prepared using ESE (DCM)
method. Data represented as the mean+ SD. (n=3).

Fig. 4. MALDI-TOF Mass spectra of standrd insulin (a
and e), insulin extracted from nanoparticles prepared using
MM (b), ESE (ET-AC) (c), and ESE (DCM) (d) methods.
Insulin concentration used was 0.2 mg/ml.

Fig. 5. Immunogenicity of insulin, determined as the ratio
of insulin detected by ELISA test to insulin detected by
BCA protein assay kit.
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found released at pH 5.6, whereas 63.5% and
96% of insulin was released in pH 7.4 and 1.2
media, respectively.

Effect of Method of preparation on Insulin
Integrity and Bioactivity : The integrity of insulin
during the preparation of nanoparticles (organic
solvent, homogenization, surfactants, freeze drying
steps), was evaluated by extracting insulin from
nanoparticles and analyzing the molecular weight
by MALDI-TOF Mass Spectrometry. The mass
spectra showed only a molecular peak at m/z
2866.4 (doubly charged, molecular weight of
bovine insulin is 5733.5 Da) for samples prepared
by both methods as well as the insulin solution
(Fig. 4). This indicated that insulin retained its
integrity and insulin was not degraded in the
preparation process in all the methods evaluated.

The immunogenicity of insulin after
encapsulation into nanoparticles by different
methods was evaluated using ELISA test. The
data showed that the antigen activity of insulin
remained particularly unaffected by DCM

significantly reduced (P<0.05) when Tween-20
concentration was 0% suggesting the plausible
reason for the reduced antigencity of insulin
nanoparticles is MPEG-350 and not Tween-20
as shown in Table 2.

Cell viability assay showed that all insulin
carrying nanoparticles had increased the growth
of MCF-7 cells, regardless of the method of
preparation (Fig. 6). Increasing standard insulin
concentration from 7.5 to 12 µg/mL had increased
cell viability from 110% to 154.85% compared to
insulin starved cells. The nanoparticles carrying
insulin prepared by ESE (DCM) method showed

(102.46% + 19% ), or ET-AC (97.63%+ 18.18%)
in ESE method. However, only 28.18+13.38%
insulin antigenicity was retained from
nanoparticles prepared by MM method (Fig. 5).

Tween-20 and MPEG-350 were used in
the preparation of insulin nanoparticles using MM
method. To differentiate which of these two
surfactants reduced antigenicity of insulin, ELISA
assays were conducted using nanoparticles
prepared at different Tween-20 concentrations.
The antigenicity of insulin remained constant in
the Tween-20 range of 1%-4% while it is

Table 2: Effect of tween 20 concentration on
immunogenicty of insulin. Data represented as the
mean+SD. (n=3).

Tween 20
Concentration (%) 0 1 2 4

Antigenicity (%) 23.11+0.02 29.51+0.72  27.61+0.16  28.18+13.38

Fig. 6. Cell Viability (%) in the presence of insulin solution
and insulin nanoparticles. Data presented as the mean+SD.
(n=3).

Fig. 7. Blood glucose concentrations following subcutaneous
administration of insulin solution, insulin loaded nanoparticles
prepared by different methods. PBS (pH 7.4) or empty
nanoparticles of MM method (nanoparticles control). Insulin
was administered at the concentration of 10IU/kg. Before the
injection glycemia was 485.40+116.84 mg/dl. Results are ex-
pressed as means +S.D. (n=6per group).

Insulin solution ESE (DCM)  ESE (Et-Ac)  MM method

7.5 ug/ml
10 ug/ml
12 ug/ml
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increased cell viability from 148.55% to 199.61%
as the concentration of insulin increased from 7.5
to 12 µg/ml, respectively. The same behavior was
observed when preparing nanoparticles by ESE
(ET-Ac) technique. Also, Nanoparticles prepared
by MM method increased cell viability from
168.56% to 191.4% as insulin content increased
from 7.5 to 12 ìg/ml, respectively.

In vivo effects of nanoparticles loaded with
insulin on diabetic rats

In contrast to the in vitro release results,
where about 60% to 70% of insulin was released
in the first 30 minutes, insulin nanoparticles have
prolonged the hypoglycemic effect of the drug
more than 24 hours compared to control insulin
solution of the same dose (Figure 7).  This clearly
showed lack of  in vitro/in vivo correlation for
insulin containing nanoparticles .  After the
subcutaneous administration of 10 IU of insulin
into diabetic rats as solution (in PBS, pH 7.4) and
encapsulated in nanoparticles prepared by ESE
(DCM), ESE (Et-Ac), and MM methods, the
blood glucose levels decreased by 14.44%,
35.50%, 19.70% and 22.12%, respectively after
30 minutes. However, only nanoparticles of ESE
(DCM) showed significantly lower blood levels
compared to the remaining formulations and the
controls (p<0.05) except nanoparticles of MM
method (p>0.05). At 3 hours, blood glucose levels
decreased by 69.30%, 63.81%, 56.33%, and
77.54% using insulin solution, nanoparticles of
ESE (DCM), ESE (Et-Ac), and MM methods,
respectively, and the differences between the
groups are not statistically significant (P>0.05).
Blood glucose levels were significantly lower
(p<0.05) in rats injected with insulin containing
preparations when compared to control
preparations 6 hours post-administration. On the
other hand, only insulin nanoparticles prepared
by MM method provided of significantly lower
blood glucose levels than insulin solution (P<0.05).
After 8 hours, all the insulin nanoparticle (except

ET-AC- ESE) exhibited significanlyt lower blood
glucose levels when compared to insulin solution
in rats (P<0.05). All insulin loaded nanoparticles
were effective in reducing the blood glucose levels
even after 12 hours of administration when
compared to insulin solution (P<0.05). Insulin
nanoparticles prepared by MM method resulted
in significantly lower blood glucose levels (P<0.05)
compared to all insulin formulations and the
controls except nanoparticles of ESE (DCM)
method (P>0.05). During the 12 hours post-
administration, nanoparticles of ESE (DCM), ESE
(ET-AC), and MM methods showed a plateau
phase where blood glucose levels were constant
(Figure 7). Statistical analysis showed a significant
difference between insulin nanoparticles and
solution forms 24 hours after administration
(P<0.05). After 48 and 72 hours of administration,
the rats recovered completely from the insulin
effect and there was no difference in blood
glucose levels between the control and test groups
(P>0.05). The effect of insulin on the reduction
of blood glucose levels lasted between 12-25 hours
from nanoparticles preparation. However, only
insulin nanoparticles prepared by MM method
could keep blood glucose levels at < 50% of
control group over the 24 hours.

Discussion
The data showed that the method of

preparation affected both size and EE% for insulin
(25-27). The ESE (DCM) method resulted in
largest particle size nanoparticles due to water
immiscibility of DCM and formation of larger
emulsion globules. The partial water miscibility
of Et-Ac and the complete water miscibility of
MPEG-350 lead to the formation of much smaller
nanopaticles. The thermodynamic parameters,
such as diffusion coefficients (D

sw
, D

ws
),

exchange ratio (R = D
sw

/D
ws

), and solvent–
polymer interaction parameter (χ) were studied
from PLGA nanomparticles prepared by
emulsification-diffusion method. They have found
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that R was proportional to the size of the PLGA
nanoparticles, while χ was inversely proportional
to it (28). The size distributions of the PLGA
nanospheres prepared with different water
immiscible, water miscible and partially water
miscible solvents when PVA (1%) was used as
the stabilizer were also studied (29).   There was
no significant difference in particle size between
partially water soluble like ET-AC or fully water
soluble solvent like acetone. Also, the study
concluded that the larger particle size of
nanoparticles prepared using DCM was due to
its immiscibility with water causing significant
aggregation of emulsion droplets.

The zeta potential results showed that
insulin nanoparticles were negatively charged. It
is well known that insulin above its PI (5.5)
acquires a partial negative charge and because
insulin’s relatively smaller molecular size (6 kDa)
when compared to other peptides, it might diffuse
to the nanoparticle surface and impart negative
charge to nanoparticles at the pH of 7.4 (30,31).

The drug present on the surface of the
nanoparticles gets released quickly upon exposure
to media, resulting in the initial burst of insulin
(32). Previous studies have shown that the particle
size of microparticle did not significantly affect
the drug in-vitro release profiles (33). Hence, the
variability in the release profiles may not be due
to variability in the nanoparticle size.

The release of insulin was found to be
similar from nanoparticles prepared by aqueous
MM method and by ESE (DCM) method. Both
methods showed lower burst release of insulin
compared to ESE (ET-AC) method. A plausible
explanation is that an increase in the hydrophilicity
of ET-Ac enhanced the migration of insulin
molecules to the surface of nanoparticles and
insulin subsequently adsorbs to the nanoparticles
surface after the evaporation of the solvent
(34,35). On the other hand, higher viscosity of

MPEG, resulted in the accumulation of smaller
insulin molecules on the nanoparticle surface by
MM method. Thus, the drug release is largely
controlled by the weak affinity between the insulin
and the polymer, which resulted in a higher burst
release (36).

The solubility of insulin varies at different
pH conditions: >10 mg/ml, <1mg/mL, and about
5 mg/mL at pH 1.2, 5.6 (close to IP of insulin),
and 7.4 (37).  Insulin  release  from  the
nanoparticles was found to depend on the pH of
the release media as insulin partitioning into the
aqueous release depended on its solubility (38).
This result suggested the nanoparticles are not
useful for oral delivery.

Insulin fragments could be detected using
MALDI TOF MS as a stability indicating assay
(25). The mass spectra of insulin showed in Figure
4, exhibited only one identical monoisotropic peak
corresponding to its molecular ion. No evidence
of covalent aggregation or degradation peaks of
disamido, dimmers, trimers or single chains insulin
was noticed by MALDI TOF MS. The MALDI
TOF MS analysis can prove unfolding of the C-
terminal region of the á subunit in the folding
intermediate (39). Also, this analysis was
effectively used to prove the signal of insulin PEG
conjugates and detect insulin degradation
fragments. The resulting degradation products
must exhibit two molecular weight distributions
showing a shift in the MW distribution due to á
and â chains of insulin (40). Figure 4 showed only
a peak of 100% intensity which correspond insulin
extracted from nanoparticles with no differences
compared to ideal insulin solution. The result
suggested extreme integrity of insulin molecule
entrapped in nanoparticles by MM method and
solvent evaporation technique.

ELISA method has very high sensitivity
and specificity as the assay depends on the
reaction of antigen with antibody. The method
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was considered an appropriate means for
detection of potential changes of the antigenic
activity. It can confirm that the receptor binding
epitopes on insulin were maintained after
encapsulation (16). This could be true whenever
the antiginicity is close to 100 %, however, in this
study, reduction in antiginicity as tested by ELISA
was not detrimental on receptor binding epitopes.
Results showed that nanoparticles prepared by
ESE method had 100% immunogenicity, whereas,
nanoparticles prepared by MM method showed
only 28.18% insulin immunogenicity based on
ELISA testing.  As shown in Table 2, the presence
of minute amounts of methoxy PEG 350 after
purification of nanoparticles was responsible for
the reduced immunogenicity, while Tween-20 did
not show any such effect. It is commonly known
that PEGs could interfere with antibody antigen
interaction. This effect is presumably the result
of reduced exposure of hydrophobic parts of the
protein in the presence of PEG (41). Low PEG
residues on the nanoparticle surface, being more
hydrophilic, decreased their opsonization, and
reduced immune system recognition (42). This
implied that the organic solvent/water interfaces,
surfactants (PVA and Tween 20) and
homogenization steps used in the preparation of
nanoparticles did not alter insulin integrity.
However, low immunogenicity did not result lower
bioactivity obtained from cell viability assay.

The insulin present in the supplemented
serum free medium seemed to be responsible for
the enhanced cell growth (43). Insulin has
potentiated lysophosphatidic acid to stimulate
MCF-7cell cycle progression and DNA synthesis
(44). Hence, cell viability assay performed to
elucidate the insulin bioactivity on growth of MCF-
7 cells was studied using nanoparticles prepared
by ESE and novel MM methods. Higher cell
viability was evident from nanoparticles when
compared to standard insulin solution at the same
concentrations. The intimate contact of

nanoparticles to cells increased the concentration
of insulin closure to cellular membranes enhancing
cell viability.  Since, the nanoparticles prepared
by MM method exhibited good bioactivity while
reducing the immunogenicity, this method of
nanoparticle preparation seems to have
advantages.

The biological effects of insulin
encapsulated into nanoparticles were also proved
by the in vivo studies. Nanoparticles preparation
methods that involved organic solvents and
surfactants showed prolonged reduction in blood
glucose levels of diabetes induced rats, further
suggesting that the biological activity of insulin is
not affected by preparation methods. The blood
glucose profiles of insulin nanoparticles showed
4 phases as shown in Figure 7. In the first phase
a rapid reduction in blood glucose levels was
observed that peaked at 3 hours, which correlated
with insulin absorbed from the burst effect in vitro
release media. In the second phase, blood glucose
levels have increased as the absorbed insulin
rapidly cleared from the rats between 3rd and
6th hours. The third plateau phase after 12 hours
could be due to slow release of insulin from
nanoparticles. A fourth phase of blood glucose
levels recovery back to 100% and continued at
that level at 48 and 72 hours revealed complete
clearance of insulin from the rats. The reduced
blood levels observed between 12 and 24 hours
might from the insulin release due to the
degradation of the polymer (19). On the other
hand, insulin solution showed only first 2 phases
shown by nanoparticles. This data clearly showed
the unique advantages of nanoparticulate delivery
systems, which include offering protection from
degradation by enzymes in the body (44). A similar
study showed lowered blood glucose levels in
diabetic rats over 24 hours following
intraperitoneal injection of PLGA nanoparicles
(45).  In that study, blood glucose level showed a
minimum of 10 mmol/L at 1 hour after nanoparticle



1094

Integrity and Bioactivity of Insulin Loaded PLGA

Current Trends in Biotechnology and Pharmacy
Vol. 5 (2) 1084-1097 April 2011. ISSN 0973-8916 (Print), 2230-7303 (Online)

administration which might be due to burst release
of insulin, and a later prolonged hypoglycemic
effect due to insulin continuous release from
nanoparticles. In another study, the aqueous
dispersion of PLGA nanospheres prepared by
organic solvent based method and administered
pulmonary route to guinea pig via nebulization have
reduced the blood glucose level significantly for
over 48 hours when compared to nebulized
aqueous solution of insulin as a control (46). About
85% of insulin release from nanospheres was
found to occur during the initial burst, followed
by a prolonged release of the remaining drug in
saline solution at 37 °C. Current study clearly
indicated that encapsulation of insulin into
biodegradable nanoparticles preserved its
biological activity and prolonged its
pharmacological activity over extended period of
time. This might help to reduce the frequent
multiple injections required to maintain blood
glucose level at normal concentration and inhibit
hyperglycemic side effects.

Conclusion
MM method is a promising technique for

preparing PLGA nanoparticles of good
physicochemical properties compared to
conventional methods. MM method has better
potential than existent methods as PLGA
nanoparticles can be prepared using aqueous
based solvent with low sheer stress or energy at
room temperature resulting in the retention of
biological activity with lower immunogenicity.
Finally, in vivo study results showed prolonged
blood glucose reduction in diabetes induced rats
suggesting that insulin bioactivity was retained.
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Isolation of Alternaric acid

Abstract
Alternaric acid is the major toxin of

Alternaria solani, the causative agent of early
blight of tomato. A simple and rapid method has
been developed for the isolation of alternaric acid
in crystalline form from the fungal culture filtrate
(FCF) with ethanol and carbon tetrachloride. The
crystalline form of alternaric acid obtained was
subjected to High Performance Thin Layer
Chromatography (HPTLC), spectrophotometric
analysis and detached leaf assay to confirm the
purity and biological activity of alternaric acid.
This one step protocol is superior to earlier
reported methods and also gives higher yield.

Keywords: Acid, Blight, Tomato, Toxin, TLC

Introduction
Tomato (Lycopersicon esculentum

Mill.) belongs to the family Solanaceae.
Worldwide, it is the second most consumed
vegetable after potato (1). Early blight of tomato
caused by the necrotrophic fungus Alternaria
solani Sorauer is perhaps the most common foliar
disease of tomatoes. In USA, Australia, Israel,
UK, and India, significant reductions in yield (35
up to 78%) due to early blight (EB) have been
observed (2, 3, 4). The symptoms occur on the
leaves where circular and concentric lesions are
produced. Early blight reduces the photosynthetic
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area and, in severe cases, can defoliate plants.
The fungus survives between crops as mycelia
or conidia in soil, plant debris and seed (5). The
spores are transported by water, wind, insects,
other animals including man, and machinery.
Eleven toxins have been identified in culture
filtrates of A. solani (6). Among these, alternaric
acid and solanapyrone A, B, and C are able to
induce necrotic symptoms similar to EB symptoms
(6). Out of these, alternaric acid is one of the
major toxins found in the filtrates (7) which causes
chlorosis and necrosis and therefore plays a major
role in early blight symptoms and defoliation (8).
Alternaric acid does not cause phytotoxicity when
sprayed alone on tomato leaves, but it enhances
the infection process and the development of
necrotic symptoms when added to A. solani spore
suspensions. Alternaric acid was previously
crystallized  by  Brian  et al. (9).  Stoessl  and
Stothers  (10) developed a method for extraction
of alternaric acid from fungal culture filtrate.

Previously, Matern et al.  (11) tried to
isolate alternaric acid from crude FCF. The
procedure is time consuming and the results were
not reliable. Maiero et al.  (12) made an attempt
to isolate alternaric acid in bulk quantities for
screening of resistant varieties, but were
unsuccessful. Standard alternaric acid or alternaric
acid in pure form are difficult to obtain
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commercially. Isolation of alternaric acid by
following the method proposed in this report offers
better yield than the previous methods. Moreover,
the time required for the process of isolation is
less and there is a significant increase in the yield.
By following this method a good quantity of
purified form of alternaric acid can be obtained.
The aim of this study is to develop a simple and
rapid method which facilitates isolation of
alternaric acid for use in various aspects of plant
pathology.

Materials and methods
Fungal culture and its maintenance:
Alternaria solani isolate was grown on potato-
dextrose agar (PDA) plates and these plates were
incubated at 25º C ± 1º C. After sporulation these
plates were maintained at 4ºC until use.

Fungal Culture Filtrate (FCF) production and
its analysis: An 8 mm mycelial mat was cut with
a sterile cork borer from 1 month old A. solani,
grown on a PDA plate and transferred into a 250
mL Erlenmeyer flask containing 100 mL of
autoclaved potato-dextrose broth (PDB). Flasks
were incubated from 21 days at 25º C ±1ºC in
static submerged condition. Thereafter, the broth
was filtered using Whatman filter paper No. 1.
Fungal culture filtrate from 7th to 21st days was
collected and subjected for HPTLC analysis.

Isolation of Alternaric acid : For development
of crystals an 8mm mycelial mat was cut with a
sterile cork borer from 1 month old A. solani,
grown on a PDA plate and transferred into a
250mL Erlenmeyer flask containing 100mL of
PDB. Flasks were incubated for 18 days at
25ºC±1ºC in static submerged condition. Mycelial
mat from 18 days old culture grown on PDB was
removed and the broth was filtered using
Whatman filter paper No. 1. The pH of the filtrate
was adjusted between 3.0-3.5 by 1N HCl and
extracted with equal volume of ethanol. The
colorless solution obtained was dissolved by

adding drop by drop boiling carbon tetrachloride
(2mL) using a glass dropper. Residual ethanol was
removed by evaporation and crystalline alternaric
acid appeared on cooling.

Characterization of alternaric acid: The
isolated compound is alternaric acid was
confirmed by the following analytical techniques
and assay.

i. Microscopic analysis: A small drop of
crystalline alternaric acid was taken on a clean
concavity glass slide. Cover slip was gently put
onto the drop and the slide was observed under
microscope (Axioplan, Image Analyzer) at 10X
and 40X magnifications.

ii. HPTLC (High Performance Thin Layer
Chromatography): Purification of alternaric acid
was carried out by HPTLC technique. Aluminum-
backed silica gel 60 F

254
 TLC foils (10X10cm) of

0.25mm thickness (Merck, Dramstadt, Germany)
were run with methanol as the mobile phase and
then dried in an oven at 120°C for 15-20 minutes
before sample loading. Sample loading onto TLC
foils were performed with a Linomat 5 applicator
(CAMAG, Muttenz, Germany) using a 100ìl
Hamilton syringe. The TLC foils were developed
in a solvent system of isopropanol:ammonia:water
(5:1:5). After running the foils were dried in an
oven at 120°C for 5mins and the developed plates
were observed under a UV source at 254 and
366nm. Rf values were calculated for the
observed metabolite. The presence of alternaric
acid was further confirmed by scanning the
developed TLC foils. The scanning of foils in
which crystalline alternaric acid was separated
were scanned in Scanner 3 at 254 and 366nm
and observed for the presence of peak.

iii. Spectrophotometric analysis: The observed
band was scraped and subjected to spectral
scanning (Unicam Alpha) from 190 to 400nm to
find out its absorbance maxima. The scanning of
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undiluted and diluted samples was done. Dilutions
were carried out using ethanol. The sample was
diluted with ethanol. Thus, 50ìl of sample and
2ml of ethanol was taken in a quartz cuvette. 3
ml of ethanol was taken as a blank.

iv. Detached leaf bioassay: Tomato leaves were
washed in tap water. The leaves were surface
sterilized with a cotton swab dipped in 4% Sodium
hypochlorite solution for 10-15 seconds. They
were then washed thoroughly in sterile water and
placed in sterile Petri plates containing Whatman
No. 1 paper. 100ìl of crystals along with water
was applied gently on leaf surface using a
micropipette and 100ìl of water was applied on
control leaves. These plates were allowed to
incubate at 25°C±1°C for 1 to 2 days and the
moisture in dishes was maintained throughout the
experiment. The results were recorded after 24
hours. The experiment was carried out in
triplicates.

v. Comparison of bands and Rf values:
Aluminum-backed silica gel 60 F

254
 TLC foils

(10X20cm) of 0.25mm thickness (Merck,
Dramstadt, Germany) were run with methanol
as the mobile phase  and then dried in an oven at
120°C for 15-20 mins before sample loading.
HPTLC of FCF from 7th to 21st days was carried
out using Linomat 5 applicator (CAMAG, Muttenz,
Germany) using a 100ìl Hamilton syringe. The
TLC foils were developed in a solvent system of
chloroform:ethanol (93:7). After running the foils
were dried in an oven at 120°C for 5 mins and
the developed plates were observed under a UV
source at 254 and 366nm. The Rf value of bands
observed was compared with the Rf value of the
observed band of crystalline alternaric acid.

vi. In vivo bioassay: Tomato seeds were
soaked in sterile water. The seeds were allowed
to germinate in autoclaved Petri plates lined with
Whatman No. 1 paper. After the seedlings
reached two leaf stages, they were transferred

in pots. Tomato plants were grown for about 4
weeks and were used in in vivo bioassay. 0.5 ml
of crystal solution along with water was taken in
an injection syringe and this was injected in the
petiole region of the plant. Sterile water was used
in the control plants. The surface of the leaf was
slightly pricked with sterilized syringe in order to
enhance the rate of infection. The plants were
monitored regularly for the development of visible
symptoms.

Results
The crystals of alternaric acid were

observed under 10Xand 40X magnifications
(Fig.1).The yield of alternaric acid obtained by
this method is 0.05 g per100 ml. This isolate
produced maximum toxin from 18th day onwards
and the Rf value was 0.5. (Fig. 2a). The toxins
appear as blue fluorescing spots when placed
under a short  wavelength  UV  lamp (366nm)
(Fig. 2b). The Rf value of crystalline alternaric
acid and that of alternaric acid separated from
crude FCF by HPTLC was 0.5. TLC foil of
10X10 dimensions was scanned under Scanner 3
at 254 and 366nm. A distinct peak of separated
crystalline alternaric acid was observed at 366nm
(Fig. 3). Symptoms appeared on the treated leaves
after 24 hours from inoculation (Fig. 4). More
than one peak was observed in the undiluted
samples (Fig. 5a). By UV- spectrophotometric
scanning the absorption maxima of the alternaric
acid was 254 nm (Fig. 5b). Necrosis on the leaf
was clearly visible on the Tomato plant treated
with crystals whereas on the control plant there
were no symptoms observed (Fig. 6).

Discussion
Early blight, caused by the deuteromycete

fungus A. solani is a destructive disease of tomato
world-wide. Alternaric acid, a phytotoxic
metabolite of A. solani, (13) is a highly crystalline,
colorless and an optically inactive unsaturated
dibasic acid. It contains no methoxyl groups and
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Fig. 1. Shows crystals of alternaric acid observed
under 10X magnification and crystals  observed un-
der 40X magnification (inset)

Fig. 2(a). Band of crude FCF (from 7th to 21st days)
seen clearly at 366nm on 18th day on TLC  foil (10X20)
showing the presence of alternaric acid HPTLC analy-
sis of purified alternaric acid and figure 2 (b) shows
band of alternaric acid on TLC foil (10X10)    observed
at 366nm wavelength

Fig. 3. Shows scanning of HPTLC foil in Scanner 3
at 366 nm Fig. 4. Shows detached leaf bioassay

Fig. 5 (a).  Shows UV-spectroscopic scan of undi-
luted alternaric acid from 190-400nm

Fig. 5 (b). Shows UV-spectroscopic scan of diluted
alternaric acid from 190-400nm
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is shown to be 12-(5, 6-dihydro-4-hydroxy-6-
methyl-2-oxopyran-3-yl)-4, 5-dihydroxy-3-methyl-
9 - m e t h y l e n e - 1 2 - o x o d o d e c - 6 - e n e - 5 -
carboxylicacid. (14).

Increase in alternaric acid yield was
measured by weighing dried crystals of alternaric
acid. The yield obtained was five times higher by
this method than by the previous methods
reported. The presence of colorless alternaric acid
in crystalline form could be visualized
microscopically under 10X and 40X magnifications
and also through naked eyes. HPTLC is a fast
and reliable technique. The advantage of HPTLC
is that quantities of substances too small to be
detected by chemical methods could be separated
and thereafter their biological activity can be
measured by performing bioassay. The presence
of alternaric acid in crude FCF was confirmed
by comparing both the Rf values of crude FCF
and that of crystalline alternaric acid. Scanning
of HPTLC foils showed a distinct peak which
proves the presence and purity of alternaric acid.

The detached leaf assay is a simple
method which allows controlled inoculation with
specific isolates, without destroying the whole
plant. The result of detached leaf bioassay showed
similar symptoms as shown by the A. solani
infected leaves in field. The symptoms appeared
very fast and were distinct. Further virulence of
crystals was checked and confirmed by in vivo
bioassay. Thus the presence of alternaric acid

can be proved biologically. Spectrophotometric
scanning of crystalline alternaric acid showed a
distinct peak in diluted samples whereas; in
undiluted sample many peaks were seen. Thus,
the presence of alternaric acid was confirmed by
this simple analytical technique.
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Tool development for Prediction of pIC
50

 values

Abstract
Half maximal inhibitory concentration

(IC
50

) value measures the effectiveness of com-
pound inhibition towards biological or biochemi-
cal utility. Quantitative measure indicates the quan-
tity required for particular inhibitor to inhibit a given
biological process (i.e. an enzyme, cell, cell re-
ceptor or microorganism) by half. Occasionally,
it is also converted to the pIC

50
 scale (-log IC

50
),

in which higher values indicate exponentially
greater potency. These are the experimental
values which are predicted and coded in
Nanomolar (nM-10-9) and micromolar (µM-
10-6 ). These IC

50
 values differs in wide range

of molecules. So, there are Varity of ranges of
applications in molecular modeling techniques
especially 3D-QSAR, CoMFA, CoMSIA,
Pharmacophore Mapping and many more ap-
plications. So, to predict the narrow value from
the experimental value, the successful formula
is described here to calculate the pIC

50
 value.

As of now, no tool available as open source
software to provide the value of pIC

50
 from

IC
50

 values as pIC
50 

calculator. In this work
we developed the tool for the prediction of
pIC

50
 values from the IC

50
 in nanomolar and

micromolar using the JavaScript programming
language, which is available at the Sanjeevslab
webpage: http://www.skysanjeev.110mb.com/
index.php?p=1_7_Tools

Keywords: pIC
50

, IC
50

, QSAR, Nanomolar,
Micromolar

Introduction
In a current scenario experimental and

theoretical activity is very important in understand-
ing the effectiveness of particular compounds
while developing QSAR (Quantitative Structure
Activity Relationship) model in computer aided
drug designing methods. QSAR modeling has
been conventionally applied as an evaluative ap-
proach, i.e., with the focus on developing retro-
spective and explanatory models of existing data
(1, 2). Here, in this paper we have developed one
tool for generating the pIC

50
 values from IC

50

values. Half maximal (50%) inhibitory concen-
tration of a substance (IC

50
) commonly used for

measuring the antagonist drug potency in phar-
macological research. Synthesis of new mol-
ecules with bioassay of respective protein
evaluates the inhibitory capacity of the par-
ticular molecule response towards the protein,
in terms of micromolar and nanomolar called
as IC

50
 values. The potential effectiveness of

drug IC
50

, in particular concentration of com-
plex substance to provide 50% inhibition to
certain reaction (3, 4) and is universally used
to symbolize the inhibitory effect of com-
pounds on competitive binding assays with
functional antagonist assays and even though
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the chemical assay is prepared and evaluated.
Both nanomolar and micromolar describes the
same value but different due to the power of
conic (5). It exhibits how much of a meticu-
lous substance/molecule is desirable to inhibit
some biological progression by 50% (6), and
also the quantitative measure indicate how
much, a specific drug or other core is needed
to hinder a given biological process (7). It is
universally used to calculate a antagonist drug
potency in pharmacological study (8). It is also
converted to the pIC

50
 scale (-log IC

50
) (13),

in which higher values indicate exponentially
greater potency (9, 10). The IC

50
 values are

having variant values, which differ from one
ligand to another (11), it depends on minimum
effective concentration of the drug towards the
diseased protein (12). These values are broad
in range, for molecular modeling and phar-
macological field the IC

50
 values are converted

in to pIC
50

 values (13). For this purpose there
is formula to convert the IC

50
 value to pIC

50

value with representing the logarithmic val-
ues.

pIC
50

 = log1/IC
50

          (1)
   pIC

50
 = -log IC

50
    (2)

The above formula can change the
IC

50 
values into wide range to pIC

50 
narrow

range. But the IC
50

 values are given in
nanomolar and micromolar scale (14-15) so,
again the nanomolar values also should in-
cluded in the pIC

50.
 So the formula again

changes according to nanomolar value, this is
the formula for nanomolar conversion of IC

50

values to pIC
50 

values (16).

pIC
50

 = -log IC
50

*10-9  (3)

These 1, 2 and 3 are basic formula for the con-
version of the IC

50
 into pIC

50 
value in

nanomolar. The bioassay values are interpreted
as different numbers, which differ from one
compound to another compound even in same

assay. pIC
50

 values is changing the IC
50

 val-
ues towards  interpretation for all QSAR and
Pharmacophore analysis. Till date there is no
software or tool is available to convert IC

50 
to

pIC
50 

values. Here we have generated the
script and formula to create an algorithm for
pIC

50 
as web based tool, for the molecular

modeling and pharmacological calculation. As
of now, this is first report on conversion of
IC

50
 value to pIC

50
 value as a web tool. Possi-

bilities of generating the range of pIC
50 

values
playing the theoretical role, which  distinguish
this from IC

50
 values.

Materials and methods
JavaScript : JavaScript allows website design-
ers with moderate programming skills to add ca-
pabilities to their web pages, including instant user
feedback, advanced form processing, pop-up win-
dows, advanced frame applications and much
more. The basic elements of JavaScript language
and several techniques to take web pages to the
next level, reliable coding accuracy is required in
WebPages. Here we code an algorithm based on
JavaScript, which are embedded with functional
values, and additionally this tool will work both
online and offline. <head> <body> <script> script
algorithm place here </script> </body> </html>
(17, 18).

Algorithm Coding : The algorithm has been gen-
erated using the JavaScript, with mathmatical
functions, using 3 formulas as nanomolar (nM)
function as describe above. According to this al-
gorithm development the input value will be ac-
cepted in nanomolar and another for micromolar
only.

Implementation of the Algorithm : The algo-
rithm developed as base of JavaScript, the above
mentioned formula is detail source for develop-
ing the tool for pIC

50
 calculator based on pro-
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gramming script. Here, the function ctxt() calls
the starting of program and the function codes
for xslt register all functions.

ctxt: the XPath context

Apart from that call for getting the ele-
ment, the input box for the entering the IC

50
 val-

ues, and the document of web pages for getting
the input element, are as follows.

document.getElementById(‘ic’).value = “”;

document.getElementById(‘pic’).value = “”;

If there is no element with the given id,
this function will return null value. Note, that DOM
implementation must have information that says
about attribute of type ID. Attributes with the
name ‘id’ are not type ID, unless defined in the
document’s DTD. The ‘id’ attribute is defined to
be ID type in the common cases of XHTML,
XUL, etc. Implementation do not know whether
attributes are of type ID or not, are expected to
return as null value. Simply creating an element
and assigning an ID, which will not make the el-
ement accessible by ‘getElementById’. One
needs to insert the element first into the docu-
ment tree with insert before or a similar method,
probably into a hidden div. Here its getting input
as a IC

50
 value and finally getting the output value

from the programming end, i.e., pIC
50

 value. So
the input is given by the user and the output is
getting from the programming index.

 As input and output environment is set
down, to call for function for output, functions
are first-class objects, that means they can be
created dynamically and stored, passed and re-
turned just like any other value, and declaring the
mathematical function math, which corresponds
to a, (i.e., equal to formula calculation.)

a = Math.log(a)/Math.log(10);
a = 9 - a;

It determines the mathematical functions
logarithmic value, which is divided by the base 10
for checking the nanomolar value. The result of

‘a’ is again equal to 9-a, which explicit the value
of nanomolar and closing the algorithm using the
language JavaScript and HTML coding. For de-
tail of algorithm development see Fig.1 which
represents the flowchart for conversion of IC

50

value to pIC
50

 value in nanomolar.

Fig.1. Representing the flowchart for conversion of
IC

50
 value to pIC

50
 value in nanomolar.

Getting the value from user, the algorithm
considers the values as X (unknown values in
decimal event), then accessing the value of X=A,
here the A is consider the decimal event IC

50
.

Backend of algorithm accessed with (a=-logA),
here the conversion of A value to logarithmic value
of decimal event take place with the base value
of log10. The power of conic set with negative
value of 9 for nanomolar and negative value of 6
for micromolar, so that power of conic, subtracted
with value displayed as value of pIC

50
. This algo-

rithm is kept in web based 110mb server  in
Sanjeevslab domain namely  and the webpage
are constructed with the PHP coding.

Results and Discussion
At some stage in molecular modeling

studies (e.g. ligand based drug design) there are
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much use of IC
50 

to pIC
50 

value conversion. We
can convert IC

50 
value to pIC

50 
value which is

developed by using JavaScript and HTML, and
is placed in website of Sanjeevslab. The script
for the pIC

50
 calculator has been developed for

prediction of pIC
50

 value with IC
50

 value units of
nanomolar and micromolar. Here (Fig. 2) the
background information of the program showing
the mathematical calculation of pIC

50 
value. The

IC
50

 value of compound staurosporine, which is
known to have anti-fungal activity of 2.7nM (16),
is given in pIC

50
 calculator. Here, the 2.7 as input

value is get through the ‘document.
getElementById (‘ic’).value = “”;’ declaring this
input value as var a for the calculation of  pIC

50

value. During this calculation the log value of 2.7
to the base10 is calculated as 0.431363764, but
the IC

50
 value is in nanomolar. There is again

need of conversion with respect to the nanomolar,
so it is subtracted with 9. Finally the logarithmic
value is converted in nanomolar and finally the
pIC

50
 value is calculated as 8.56863 (Fig. 2). In

this algorithm development of pIC
50

 calculator
with combined approach of JavaScript and HTML
having a potential to find out accurate pIC

50
 value.

This pIC
50

 value calculator will be helpful for
quick validation of next generation drug discovery
and development against drug target. The in vitro

Fig.2 Representing the output IC
50 

value to pIC
50 

val-
ues through pIC

50
 Calculator.

biological activity data reported in form of IC
50

value for inhibition of CDK2 by two series of
aminothiazole derivatives was used for this
validation. According to work by Singh et al.,(19)
pIC

50
 values of Aminothiazole Derivatives from

IC
50

 values was manually calculated and in this
paper initial IC

50
 data obtained from the

synthesized Aminothiazole Derivatives by Misra
et al. (20) (Table 1. & Fig 3).
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These values are analyzed for calculation
and accuracy of the algorithm are tabulated. The
values published as pIC

50
 value are accurate and

clear decimal values are obtained; both the values
are differentiated in bar diagram, which shows
that developed algorithm is accurate. (Table 1)
and contains 17 synthesized ligand compound,
represented in Singh et al. The bar diagram
enclosed, represents the correctness and
similarities in values which is predicted by the
pIC50 calculator and manually. Here the values
are more accurate due to the programming
algorithm and gives the value up to 10 decimal
points. Bar diagram shows correlation with
available values without much deviations, which
shows predicted pIC

50
 values are accurate and

can be used further for other calculation and
prediction in computer aided drug designing. Thus,
the algorithm is much useful for drug designing
community and user can minimize their time for
calculations, especially those who are working
with large data set related to pharmacoinformatics
and chemoinformatics.
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Abstract
The present study involves the formulation

and evaluation of oral o/w nanoemulsions (NE)
with two simple edible oils, avoiding the large
quantities of surfactants and co-surfactants which
were prepared by high energy emulsification
technique. The particle size, polydispersity index
(PDI), and zeta potential of prepared nano
emulsions were determined by using zeta sizer
and were found to be in the range of 33.4±3.9
nm, to 183.56±1.78nm, 0.051±0.04 to 0.38±0.06
and   -2.87±0.65 to -14.2±0.72 mv respectively.
Centrifugation, freeze-thaw cycling, storage at
4°C for 60days, X-ray diffraction (XRD) and
Transmission electron microscopy (TEM) studies
revealed the physical and chemical stability of
the NEs. Entrapment efficiency and in-vitro
release studies showed successful incorporation
of carvedilol into NE with high drug loading
efficiency and good stability. Comparative
pharmacokinetic studies of NE and marketed
dosage form in male SD rats revealed a significant
increase in oral bio availability in NEs.

Key words: Nano emulsions, Sesame oil, Olive
oil, Carvedilol, Sonication, LC-MS/MS

Introduction
Nano technology has emerged as one of

the very promising fields of biomedical research
in the last few decades. Nano technology based

health care products will expected to reach 2
trillion dollars target by the year 2015(1). Nano
emulsion technology is one of the segments of
nano technology market and can be defined as
thermodynamically stable, transparent or
translucent dispersions of oil and water having a
size range of 50-200 nm (2).

Different types of oils and components can
be used for the preparation of NEs to impart
specific properties such as crossing different types
of biological barriers like blood brain barrier upon
administration (3). NEs can also be used as
excellent vehicles in pharmaceutical field for the
parenteral, oral and ocular or transdermal delivery
of poorly permeable lipophilic drugs. Because of
these unique properties, nano emulsions are
gaining more importance as potential vehicles for
the efficient delivery of lipophilic drug molecules
(3, 4, 5).

      Cardiovascular diseases including
hypertension are one of the major causes of
mortality in the world. Delivery of therapeutic
agents to cardiac organelles has the potential to
increase the efficiency of treatment protocols for
heart failure. However, cardiac cells present
special problems to the delivery of drugs, and the
number of papers reported in this area is also a
very few (6).  Carvedilol was selected for the
present study. It is a non selective beta adrenergic
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blocking agent and widely used in the treatment
of mild to moderate hypertension and angina
pectoris. It has antioxidant and anti proliferative
properties which makes it suitable to combat the
deleterious effects of sympathetic nervous system
activation in heart failure. It undergoes extensive
first pass metabolism and its systemic bio
availability is only 25 to 35% (7). As per
Biopharmaceutical classification it belongs to
class II compound and therefore it is insoluble in
aqueous medium (8). Certain strategies such as
fast dissolving tablets (9), muco adhesive drug
delivery systems (10), self emulsifying drug
delivery systems (11) and other controlled release
systems (12, 13) were reported to improve the
aqueous solubility, to overcome first pass
metabolism and thereby increase the systemic
bioavailability. But these technologies require
unique production processes and also have certain
disadvantages like limited formulation flexibility
and complexity in manufacturing, high production
costs, low stability, low drug loading and few
choices of dosage forms.           

      The objectives of present study are to
investigate the feasibility of development of o/w
NEs loaded with carvedilol using sesame oil or
olive oil by high energy homogenization technique,
to study the effect of oil phase volume on the
drug loading efficiency, particle size and zeta
potential, to study the effect of concentration and
type of surfactants on the globule size, zeta
potential and in-vitro drug release characteristics
and to carry out the comparative pharmacokinetic
study of optimized nano emulsion with marketed
tablet dosage-form in rats.

Materials and Methods

Materials: Carvedilol was a gift sample from
Orchid Pharmaceuticals, India. Brij-97, Tween-
80, dialysis tubing cellulose membrane (size: 43
mm × 27 mm) were purchased from Sigma

Aldrich, USA. Sesame oil was purchased from
Thiagarajan Agro Products Pvt Ltd., Chennai,
India. Olive oil was purchased from Figaro, Sri
Roda Foods Pvt Ltd., New Delhi India. All other
chemicals, water and  solvents  are of  HPLC
grade and purchased from S.D. Fine Chemicals,
India.

Preparation of carvedilol nano emulsion :
Various Carvedilol NEs were prepared by using
high energy emulsification technique. Prior to
emulsification the oil phase and aqueous phase
were prepared separately.

A specified quantity of oil was taken in a
beaker and 6.3 mg of drug was added and the
total weight of the oil phase was determined. To
this 200 µl of chloroform was added to dissolve
the drug in oil. Then nitrogen gas was purged to
evaporate the chloroform. This was confirmed
by reweighing oil phase.

Aqueous phase was prepared by dissolving
the non-ionic surfactant in HPLC grade water
pH- 6.8±0.2.  A  volume  of  this  surfactant solution
was added and a coarse emulsion was prepared
by using a high shear stirrer (RQ-127A, Remi
Motors, India) for 25 min at 6000 rpm. Then the
coarse emulsion was subjected to high energy
emulsification using a probe  sonicator (Bandelin
Sonoplus, Heinrichstrab 3-4 D-12207, Berlin,
Germany) in a continuous mode at 37 to 40 HZ.

NEs were prepared using 100 µl of sesame
oil and non-ionic surfactants Brij-97 or tween-
80.Then various formulation parameters such as
oil phase volume (100, 150 and 200 µl) and
concentration of each surfactant (1.25, 1.5 and
1.75) were optimized for particle size, zeta
potential and drug loading efficiency. The
procedure was repeated for the preparation and
optimization of carvedilol loaded olive oil
nanoemulsions. 
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Preparation of Carvedilol tablet suspension :
The various pharmaco kinetic parameters of
carvedilol NE formulation were compared with
carvedilol extended release oral tablet (Cardivas,
Sun Pharma, India) suspension in order to compare
the oral bioavailability of carvedilol by NE
formulation with tablet suspension. One tablet
containing 10mg of carvedilol was taken and
crushed into powder in a mortar and pestle. To
this 19.2 ml of 1 % tween-80 solution was added
and triturated to prepare a fine suspension with
strength of about 0.52mg/ml. 

Characterization of Nanoemulsions 

Measurement of particle size and zeta
potential:  The average particle size, poly
dispersity index (PDI), and Zeta potential were
measured by photon correlation spectroscopy
(PCI) using a Malvern zeta sizer (Nano ZS
Malvern Instruments Ltd., UK). The PDI
represents the uniformity of the globule size and
size distribution of the NE. The prepared
formulations were diluted with HPLC grade
water pH-6.8±0.2.The diluted NEs were kept in
the cuvette with an attached dip cell. The cuvette
was placed inside the instrument and the
observations were recorded at 90° light scattering
angle and temperature was maintained at 25 °C.
During the measurement, average particle count
rate was maintained between 50 to 500kcps. The
zeta potential was also measured by using the
same instrument with inbuilt software based on
the electrophoretic mobility of globules and the
Helmholtz-Smoluchowski equation (14, 15, and
16).

Helmholtz-Smoluchowski equation (Zeta
potential (Zp) = 6πυη/εχ) Where Zp is in volts,
υ = migration velocity cm/sec, η = viscosity of
the medium in poise, ε = dielectric constant of
the external  medium,  and χ = potential gradient
in volts. Average size, poly dispersity index (PDI)
and zeta potential were measured for all samples

using particle sizer Nano ZS (Malvern
Instruments, UK).

HPLC analysis: A simple HPLC method was
developed in the laboratory with a Phenomenex
P/N0-00G-4274-EO C-18, Luna 5µ , Size column
on liquid chromatograph (Shimadzu-10ATVP) and
a UV/visible detector (SPD-10ATVP).The mobile
phase was Acetonitrile:0.01M phsosphate
buffer(pH-5.2±0.02) in the ratio of 69:31, at a
flow rate of 1ml/min and the effluent was
monitored at 242nm.

Solubility studies: Solubility studies of carvedilol
were carried out in water, phosphate buffer saline
pH 7.4 and Phosphate buffer saline containing
1% tween 80 in order to select the diffusion
medium to perform in-vitro release studies. A
volume of water or phosphate buffer saline pH
7.4 or Phosphate buffer saline containing 1%
tween 80 was taken in to a conical flask. Excess
quantity of carvedilol was added and shaken for
2 hrs on a mechanical shaker and kept aside for
overnight. Then the solution was centrifuged. The
supernatant liquid was taken, filtered, sonicated
and appropriate dilutions were made and 20µl
quantities were injected into HPLC. 

Determination of carvedilol content in the
formulations: A volume of formulation was taken
from the bulk and made up to 5ml with methanol.
From this appropriate dilutions were made with
phosphate buffer saline pH 7.4. Then filtered,
degassed and 20 µl was injected in to HPLC.
The analysis was carried out by the above
described HPLC method. The total drug content
was calculated from the calibration curve y =
83.106+0.9715(R2 = 0.9993).

In vitro drug release studies: The in vitro drug
release studies of carvedilol were carried out
using dialysis bag diffusion technique (43mm x
27mm size, mol. wt. cutoff 12000 or greater,
Sigma-Aldrich, USA). The bag containing 2ml of
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NE was placed and immersed in a 50 ml beaker
containing 25ml of phosphate buffer saline pH
7.4 containing 1% tween 80. The entire system
was kept at 37°C±0.5°C with continuous magnetic
stirring. The samples were withdrawn at periodical
time intervals (0min, 15min, 30min, 1, 2, 4, 6, 8
and 24 hrs) and replaced with equal volume of
fresh medium to maintain sink conditions. The
samples were filtered through 0.22 µ membrane
filter, degassed in a bath sonicator (Spincotech,
India) and injected in to HPLC column. HPLC
analysis was carried out by the above mentioned
method. All experiments were performed in
triplicate (17).

X-ray diffraction: X-ray diffraction studies were
carried out for the formulations that were stable
in thermodynamic stability studies (C4, C7, C14
and C17) by using Siemens D-5000 (Germany).
XRD studies performed on the samples by
exposing them to CuKα radiation (40Kv, 30mA)
and scanned from 100 to 800, 2θ at a speed of 20

per minute.

Transmission electron microscopy (TEM):
Transmission electron microscopic studies were
conducted for the formulation C14. The globule
size and morphology were observed with TEM
analysis. The samples were placed on Formvar-
coated copper grid. Then the samples were
negatively stained with 50µl of 2% phospho
tungustic acid for one minute and air dried. Excess
liquid was blotted with whatman filter paper. Then
the samples were observed under Philips
TECNAI – FE12 Transmission Electron
Microscope (120 kV) (18).

In-vivo Pharmacokinetic analysis: Based on
physicochemical properties (Table 2) and in-vitro
release studies (Fig 2A and 2B) C14 was selected
and comparative pharmacokinetic studies were
carried out with marketed carvedilol tablet
(Cardivas, Sun Pharma, India). The experimental
protocol was approved by Institutional Animal

Ethics Committee (Vimta Labs, Hyderabad).
Study number: VLL/0510/NG/D017. Male
Sprague Dawly rats of approximately 6-8 weeks
of age weighing between 200 and 240gms were
purchased from, National Institution of Nutrition
(NIN), Hyderabad, India. The animals were
acclimatized for a period of 5 days. All the rats
had free access to reverse osmosis generated
potable water and standard animal diet.
Throughout the study period, room temperature
and relative humidity were maintained at 20° C±2°
C and 30% to70% RH respectively. Illumination
was controlled to give 12 hrs dark cycles during
the 24hrs period.

      Overnight fasted rats were used for the
study. Prior to the initiation of the study rats were
weighed for the body weights. Twelve rats were
randomized based on their body weights and
distributed equally into 2 groups. One group of
rats received carvedilol tablet suspension and
another group of rats received carvedilol nano
emulsion. Both the formulations were
administered by oral gavage at the dose equivalent
to 2.5mg/Kg of carvedilol. The dose volume
administered was 4.8ml/kg body weight. Following
oral administration approximately 0.3ml of blood
samples were collected after anaesthetizing with
isolurane from a group of 3 animals per time point
from respective group at respective time intervals
that is pre-dose (0), 5min, 0.25,0.5, 1, 2, 4, 6, 8
and 24hrs post dosing from retro-orbital plexus in
pre-labelled eppendorf tubes containing 20µl of
10% K2EDTA. The blood samples collected as
pre-dose at (0) time were taken as control.

Analysis of blood samples: A volume of study
sample and calibration curve samples and quality
control samples were transferred to the pre-
labeled ria vials, add 10µl of ISTD (4µg/ml
felodipine) and vortex, 2.5 ml of Tertiary Butyl
Methyl Ether (TBME) was added to all the
samples. These vials were placed on a shaker
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for 10 minutes and centrifuged for 10 minutes at
4000 rpm at 20°C and supernatant was
transferred in to pre-labeled ria vial and
evaporated under a stream of nitrogen at 35°C
until dryness, reconstituted the dried residue with
400µl of mobile phase and vortexed. Samples were
loaded in to pre-labeled auto-injector vials and 10
µl of samples were injected onto LC-MS/MS
system containing HPLC (AGILENT 1200 series
(VLS-UTL/HPLC/01) and Mass
spectrophotometer (AB MDS Sciex 4000,VLS-
UTL/MASS/01) with a Column of Hypurity
Advance, 100 X 4.6mm, 5µ.The column oven
temperature was maintained at 40°C and the
mobile phase was 0.1% Formic acid: Acetonitrile
(25:75 v/v) with a flow rate of 0.6ml/min and an
injection volume of 10µl. The separation was
conducted under isocratic conditions, and the total
run time was within 4minutes. The electron spray
ionization was performed in the selected ion
monitoring mode. The detection ions were at
mass-to-charge ratios m/z of 407.3 amu (parent)
to 222.1 amu (product) and 384.1 amu (parent)
to 338.1 amu (product) for carvedilol and internal
standard felodipine respectively. The
chromatograms were evaluated by analyst 1.4.2
version software and the concentration of
carvedilol was calculated. Then the pharmaco
kinetic parameters were calculated by non-
compartmental analysis by winn online (R) 5.2 soft
ware. 

Statistical analysis: The pharmacokinetic
parameters of the olive oil nano emulsion and
marketed tablet suspension were compared by
the student t-test. A p-value of less than 0.05 was
considered as statistically significant. 

Results
Nano emulsions loaded with carvedilol

were successfully prepared by using high energy
emulsification technique.

Optimization of oil phase volume and
surfactant concentration: Based on literature
survey and oil water partition coefficient studies
sesame oil and olive oil were selected as sole
lipid phase. To determine the optimum content of
oil for the preparation of stable and high drug
loaded NEs, different volumes of (100,150 and
200 µl) sesame or olive oil with 6.3 mg of
carvedilol were taken. Brij 97 and Tween 80 were
used as surfactants. In order to determine the
optimum surfactant type and concentration NEs
were prepared with 1, 1.25, 1.5 and 1.75% w/v
of each surfactant. Globule size, ZP and PDI
were measured for all the NEs as described
above. The composition of all the NEs was given
in the Table 1.

Characterization of carvedilol nano emulsions:
The physical properties such as globule size, PDI
and zeta potential are essential parameters in
predicting the physical stability of nano emulsions.
The mean globule sizes of nano emulsions were
in the range of 33.4±3.9to 183.56±1.78nm and
the PDI of nano emulsions were in the range of
0.07±0.08to 0.35±0.026 which shows a narrow
globule size range and size distribution in all
formulations. All the carvedilol loaded nano
emulsion formulations had zeta potentials between
-2.87±0.65 to-14.18±0.72mv. These results were
lower than the reported value of above 30 mV in
stable parenteral emulsions, which suggests that
the prepared formulations were more stable. All
the characterization parameters were shown in
the Table 2 and the effect of oil phase volume
was shown in Fig.1.

Determination of drug content and In-vitro
drug release studies: Drug content was
determined in the formulations which showed
narrow particle size and polydispersity and found
to be in the range of 43.81±2.68 to 98.93±1.31.
In - vitro drug release studies were carried out in
phosphate buffer saline pH 7.4 (PBS) containing
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1% tween 80 for the formulations (C14, C4, C7
and C17) that showed maximum drug loading  and
narrow globule size and narrow PDI . The in-
vitro drug release profiles for the formulations
C14, C4, C7 and C17 were shown in Fig-2A and
2B. The cumulative amount released was
63.68±0.8%, 31.8±3.0%, 27.56±9.2%, and
38.04±5.9% in formulations C14, C4, C7 and C17
respectively. Plots of log % drug remaining against
time were linear which indicates that the rate of
drug release follows first order kinetics.  

X-ray diffraction studies: X-ray diffraction
studies were carried out to reveal the crystalline
modification of the drug during preparation of nano

Fig.1. Effect of oil phase volume on particle size of
nano emulsions a   C, S, O, B and T represents the
carvedilol, Sesame oil, Olive oil, Brij 97 and  Tween 80
respectively.

Table 1. Composition of Carvedilol loaded nano emulsions.

Volume of oil phase (ml) Quantity of Volume of
Code surfactant (mg) aqueous phase (ml)

Sesame oil Olive oil Brij 97 Tween 80

C1 100 - 150 - 10
C2 150 - 150 - 10
C3 200 - 150 - 10
C4 150 - 125 - 10
C5 150 - 175 - 10
C6 100 - - 150 10
C7 150 - 150 10
C8 200 - - 150 10
C9 150 - - 125 10
C10 150 - - 175 10
C11 - 100 150 - 10
C12 - 150 150 - 10
C13 - 200 150 - 10
C14 - 150 125 - 10
C15 - 150 175 - 10
C16 - 100 - 150 10
C17 - 150 - 150 10
C18 - 200 - 150 10
C19 - 150 - 125 10
C20 - 150 - 175 10

volume of oil phase
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Table 2. Particle size, zeta potential, polydispersity index and % drug content
              measurements of optimized carvedilol  nano emulsions.

Code Particle size Polydispersity Zeta potential         %drug content
(nm) (mv)

C1 33.4±3.9 0.248±0.05 -7.45±0.56 50.07±0.8

C2 75.74±0.92 0.07±0.08 -6.6±0.54 89.27±0.72

C3 169.63±1.4 0.285±0.04 -6.8±0.27 91.22±0.46

C4 97.77±0.9 0.116±0.07 -6.45±0.46 91.92±0.9

C5 67.75±1.58 0.37±0.02 -6.67±0.68 85.89±1.32

C6 63.09±1.19 0.176±0.02 -2.87±0.65 30.19±0.43

C7 66.58±1.54 0.188±0.06 -4.09±0.78 87.63±1.14

C8 175.29±6.9 0.31±0.029 -7.04±0.29 87.94±0.68

C9 69.45±9.42 0.28±0.063 -6.04±0.42 89.16±0.74

C10 75.54±1.07 0.051±0.04 -9.04±0.16 87.72±1.7

C11 34.45±1.167 0.31±0.01 -4.53±0.3 51.1±1.56

C12 45.49±0.73 0.326±0.04 -6.84±0.41 77.91±1.58

C13 153.76±2.72 0.33±0.02 -10.37±1.69 88.69±2.04

C14 54.18±0.37 0.12±0.04 -14.18±0.72 98.93±1.31

C15 38.81±1.32 0.36±0.03 -13.26±0.34 98.20±0.6

C16 47.38±1.61 0.26±0.02 -6.35±0.6 43.81±2.68

C17 75.21±1.8 0.38±0.06 -5.7±0.36 89.47±1.15

C18 183.56±1.78 0.35±0.026 -7.78±0.44 89.94±1.38

C19 61.47±4.21 0.31±0.025 -4.49±1.62 87.25±1.69

C20 60.73±0.54 0.251±0.04 -5.69±1.62 88.47±0.57
Data represents mean ± standard deviation (n=3)

2 (a)

 Fig. 2A and 2B. In-vitro drug release profiles
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emulsions. The formulations C4, C14 and C17
did not show any kind of crystallinity which
suggests that the drug molecules were in
amorphous state. But in case of formulation C7
two peaks appeared in right angles. This may be
due to the re-crystallization of the drug. The
results were shown in Fig.3. 

Transmission electron microscopy:
Transmission electron microscopic studies were
carried out for the formulation C14 to observe
the physical properties of NE droplets.
Transmission electron micrographs revealed that
the droplets were spherical, homogeneous and
no signs of precipitation. The droplet size was
correlated with the results from particle size
analysis using zeta sizer. All these results were
presented in Fig.4.

Pharmacokinetic studies: The plasma
concentration vs time profiles of the carvedilol
NE and carvedilol tablet suspension after
administration of a single dose of 2.5mg/kg body
weight were shown in Fig.5. The pharmaco
kinetic parameters were computed by non
compartmental analysis using winN online
software and the results were summarized in the
Table 3. The NE was more effective in enhancing
oral absorption and availability of carvedilol in the
plasma. The average plasma concentrations of
carvedilol were 70.07±8.90 and 39.59±5.78 after
1 hour following oral administration of NE and
tablet suspension respectively. Plasma
concentration of carvedilol when administered
with the NE remained higher than with the tablet
suspension for up to 6hrs. Significantly higher
C

max
, AUC and AUMC values were observed in

case of NE compared to tablet suspension. MRT,
T

max
 and t

1/2
 values of carvedilol with NE were

comparable with that of oral tablet suspension.
Mean T

max
 values were 0.5 hours in case of NE

and 0.67±0.29 hours in case of tablet. There was
no significant difference in t

1/2. 
 All these results

Fig.3. X-ray diffraction reports of standard drug
Carvedilol and the nano emulsions (C4, C7, C14
           and C17) loaded with carvedilol.

revealed that the extent of oral absorption and
bioavailability of carvedilol was significantly
increased from oral nano emulsion compared with
the tablets. 

Discussion 
Several drugs and dosage forms available

for the treatment of hypertension, the mortality

Fig.4. Transmission electron micrographs of the for-
mulation C14 blank (A) and carvedilol loaded (B) nano
emulsions. The scale bar represents a distance of 500nm
in Picture (A), 1000 nm in picture (B).
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rate is high in the world and over one million people
per year suffer adverse reactions from doctor
prescribed drugs. Carvedilol is a α

1
, β

1
 and β

2

adrenergic receptor antagonist. It is indicated for
the management of mild to moderate essential
hypertension. In addition carvedilol is proven, with
chronic treatment, to reduce cardiovascular
mortality and improve survival in patients with
systolic dysfunction after myocardial infarction.
However, because of its poor aqueous solubility
and extensive first pass metabolism many of the
current dosage forms do not provide adequate
drug concentration in the blood. As such there is
a critical need to develop a novel drug delivery

Fig. 5. Plasma concentration of carvedilol after oral
administration of nano emulsion and oral tablet sus-
pension (n=3).

Table 3. Pharmacokinetic parameters after oral administration of carvedilol nano emulsion
              (Formulation C14) and carvedilol oral tablet suspension

Parameter Nano emulsion Oral tablet suspension

Mean±SEM Mean±SEM

C max  (ng/ml) 90.99±17.06 58.57±5.59

T max  (hrs) 0.5±0.00 0.67±0.17

K e l  (hrs) 0.17±0.02 0.11±0.05

T1/2 (hrs) 4.2±0.54 4.46±0

AUC0-t (ng*hr/ml) 291.76±18.99 190.13±9.07

AUMC 907.48±36.50 649.61±76.31

MRT 3.12±0.08 3.4±0.26

 Each value represents mean±SD, n=3

system of carvedilol to enhance solubility,
permeability and oral bioavailability. Lymphatic
delivery is an alternate choice to avoid first pass
metabolism in drug delivery and improves bio-
availability, because intestinal lymph vessels drain
directly into thoracic duct, further in to the venous
blood, thus by passing the portal circulation. Main
function of lymphatic system is to facilitate

absorption of long chain fatty acids via
chylomicron formation. Lipid based formulations
such as nano emulsion may enhance oral drug
absorption by lymphatic transport via transcellular
path way, by increasing gastrointestinal membrane
permeability or transit time or by modifying the
metabolism of drug.  In this study the potential of
oral carvedilol administration using oil in water
nanoemulsion systems was examined.



1119Current Trends in Biotechnology and Pharmacy
Vol. 5 (2) 1110-1122  April 2011. ISSN 0973-8916 (Print), 2230-7303 (Online)

Koteswari Poluri et al

In the present study the influence of oil
type, quantity of oil, type and concentration of
surfactant on particle size, zeta potential and
loading efficiency were studied by using photon
correlation spectroscopy, HPLC with UV
detector.  An essential component of the emulsion
is the internal lipid core which constitutes the drug
dissolved in oil and is surrounded by a thin layer
of non-ionic surfactant. Sesame and olive oils are
of vegetarian origin, bio-compatible and being used
as edible oils from ancient times (19, 20).
Moreover they are easily available and to our
knowledge carvedilol loaded nano emulsions
were not reported with these oils. Both the oils
were stable at room temperature and they do not
become rancid like other oils due to the presence
of natural antioxidants. All these reasons motivate
to select the sesame and olive oils for the present
study. They have blood pressure reducing
properties therefore their quantity was limited to
200µl (19). In all the formulations with 100µl of
either sesame oil or olive oil the drug was deposited
at the bottom of the beaker and the drug content
was found to be less than 50%. This indicated
that the volume of the oil was not sufficient to
hold the entire drug inside. Hence the volume of
oil was increased to 150 µl. In this case no drug
was seen at the bottom of beaker and the drug
content was drastically increased to 98.93±1.31%
which revealed that 150µl of oil was sufficient to
hold 6.3mg of carvedilol. With increasing oil phase
volume from 100µl to 200µl, a significant increase
in globule size was observed in both the oils and
the results were shown in Fig.1.

      Surfactants play a major role in the
preparation and stability of NEs. Surfactants form
a monomolecular film around the dispersed
droplets and there by reduces the interfacial
tension and prevent the droplet coalescence. Brij-
97 and tween-80 were used as surfactants for
the present study.  Though they are non-natural
surfactants, they do not produce any toxic effects

when administered orally. The amount of
surfactant is also important to form rigid film
around dispersed globules. However use of excess
amount of emulsifier can cause decrease in
entrapment efficiency, burst release and formation
of other colloidal species like liposomes and
micelles and may even cause toxic effects (20).
From the table it was evident that with increasing
concentration of surfactant the globule size was
decreased but the drug content was decreased
and the optimum concentration of surfactant was
found to be 1.25% in case of brij 97 and 1.5% in
case of tween 80.

      All the nanoemulsion compositions posses’
negative zeta potential, this may be due to the
negative charge of fatty acids. The zeta potential
is a measure of the surface charge and is
important in keeping the droplets in dispersed
state. The particle interactions are also controlled
by the magnitude of the apparent surface charge
of the dispersed globules. Torrey et al (2006)
reported that, the ZP of particle formulations is a
value of greater than +30mv or lower than -30mv
for ensuring electrostatic stability. However, this
suggested zeta potential cut off point is an
experience based value and cannot be reliably
used to predict the stability of NEs because a
wide range of absolute zeta potential values (i.e.,
1.5, 12.5, 45.5mv) have been reported for SNEDS
and  NEs (21,22).  The zeta potential depends on
the pH of the nanoemulsion. At lower PH values
the zeta potential will be positive and at higher
pH values it will be negative. The pH of all NEs
was in the range of 6.5±0.03 to 6.8±0.03 and was
also responsible for negative zeta potentials of
NEs.

Carvedilol was a poorly soluble and poorly
permeable drug and its Pka at pH 7.4 was 8.8.
At this pH the degree of ionization will be almost
100% and it is assumed that the rate of solubility
and hence the rate of drug release will be
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enhanced. In-order to evaluate this parameter
Phosphate buffer saline pH 7.4 was selected as
the diffusion medium to carry out in-vitro drug
release characteristics. The rate of drug release
also depends on the solubility and partitioning
characteristics of the drug in diffusion medium
(23). The solubility studies of carvedilol revealed
that the presence of tween 80 in PBS enhance
its solubility in PBS. Therefore PBS containing
1% tween 80 was used as the diffusion medium.
The in-vitro drug release follows first order
kinetics. The rate and cumulative amount of drug
release was highest in formulations C14 which
contains olive oil as the lipid phase. This may be
due to its high drug content, low surfactant
concentration and narrow globule size. Drug
release from the nano emulsions is also related to
the partition coefficient of the drug in oil/ water
system. More specifically for efficient transport
of the drug from the formulation in to the systemic
circulation, the drug must first pass from the lipid
phase to the aqueous phase and then in to the
gastro intestinal tract (GIT) lumen. The oil water
partition coefficient studies of carvedilol revealed
that the logP values of carvedilol in olive oil was
higher than that in the sesame oil (23). This
property of olive oil may cause the more amount
of drug release from the nano emulsions (C14) in
which olive oil was used as the oil phase. In X-
ray diffraction studies formulation C7 showed two
peaks at right angles. This may be due to the re-
crystallization of the drug (13). Transmission
electron micrographs revealed that the dispersed
globules were spherical and show no signs of
coalescence of the droplets and precipitation of
the drug in oil phase or in continuous phase.

The in-vivo pharmacokinetic studies
were performed for the formulation C14 which
showed maximum in-vitro drug release.
Pharmacokinetic parameters revealed that the
extent of oral absorption and hence oral
bioavailability of carvedilol was enhanced with

NE compared with that of marketed tablet
suspension. AUC is expected as an indicator of
the extent of absorption, where as Cmax and Tmax
are considered as estimates of the absorption rate
(24).This may be explained by the fact that the
presence of omega-6 and omega-3 PUFA (poly
unsaturated fatty acids) in olive oil which are
essential fatty acids and are not produced by the
human body may enhance the rate of oral
absorption (25). The small droplet size, and hence
the large surface area, lymphatic transport through
the transcellular pathway (26) may also contribute
to the increased bio availability. 

Conclusion
Carvedilol loaded Nano emulsions were

successfully prepared by high energy
emulsification method using sesame oil or olive
oil and non ionic-surfactants Brij 97 and and
tween-80.  The resultant Nano emulsions possess
high drug loading efficiency. The in-vitro rate of
drug release followed first order kinetics. In-vivo
pharmaco kinetic studies revealed that the rate
and extent of absorption of carvedilol was higher
with oral NE compared with that of oral tablet
suspension. Brij 97 was found to be effective non
ionic surfactant for the preparation of stable NEs
and co-surfactants are not required along with
this.  
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Abstract
The purpose of the study was to establish

whether or not C. abortus is shed through the
reproductive tract following infection under
natural conditions. Two farms where enzootic
abortion was endemic were investigated by
sequential collection of vaginal secretions, faeces
and serum samples from ewes which had
chlamydial abortion six months earlier.PCR was
used as a confirmatory tool after extracting DNA
from faeces and vaginal secretions‘ using primers
specific to the MOMP gene .None of the samples
tested were positive, suggesting that either there
were no EBs of C. abortus in the samples or
there were non infectious forms (RBs) which
could not be detected by DNA amplification.
Real-time PCR analysis of placental samples
identified very few or no chlamydial genomes,
which contrasted significantly with samples taken
at the time of abortion. The C. abortus was
detected by PCR for the first time in milk samples
collected from ewes with EAE history using the
IMS technique.  The serum samples from these
ewes showed significantly higher chlamydia-
specific IgG titre during the period of peri-
ovulation. In terms of flock management, the
products of abortion should be considered the
major and principal source of infection for
transmission to naïve ewes.

Introduction
Ovine Enzootic Abortion (OEA) is one of

the most common contagious disease affecting
sheep and goats due to Chlamydophila abortus
(C. abortus). Unlike other bacteria, the
chlamydial development life cycle is characterized
by two distinct developmental forms, elementary
bodies (EBs) and reticulate bodies (RBs)
respectively. The Elementary body is infectious,
with rigid cell wall, which contains the major outer
membrane protein (MOMP) and other proteins.
The reticulate bodies are non-infectious,
metabolically active forms of chlamydiae capable
of Synthesizing DNA, RNA and proteins. Enzootic
abortion in sheep (EAE) causes a major financial
loss worldwide and represents a significant
zoonotic risk. It is clinically characterized by
abortion and weak neonates in small ruminants.
Pregnant sheep initially infected with C. abortus
either abort late in gestation or give birth to weak
or stillborn lambs as a result of placental pathology
associated with infection (14).  Using specific
real-time PCR assay, few chlamydial genomes
could be detected in vaginal swabs taken from
post-abortion ewes at oestrus. Few genomes could
also be detected from vaginal, cervical tissue
samples and lymph nodes taken post-mortem (8).

Because parturition or abortion in C.
abortus infected ewes is usually accompanied
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by the passage of an infected placenta and or
foetal tissues, the main concern of transmission
of the infection to susceptible ewes in the peri-
parturient period when the lambing environment
may become contaminated with diseased tissues
(18).  Chlamydia-induced abortion in sheep was
recognized to stimulate an immune response that
protected against subsequent abortion (9).  Ewes
that experienced abortion as a result of
experimental infection with C. abortus
maintained an elevated systemic antibody
response to the organism and this was associated
with a chronic reproductive tract infection (13)

Since future fertility was apparently not
compromised, ewes that aborted are usually
retained and reintroduced to the flock.
Identification of those carrier ewes could aid the
development of a management strategy to
eliminate continued disease outbreaks in flocks.
The purpose of the present study was to establish
whether or not C. abortus is shed through the
reproductive tract following infection under natural
conditions.

Material and Methods
Experimental design : Two sheep farms where
enzootic abortion was endemic were selected to
study the carrier state of Chlamydophila
abortus. Fourteen ewes confirmed to have had
aborted due to the natural infection of C. abortus
six months  earlier were randomly selected for
the study and was investigated by sequential
collection of vaginal secretions, faeces and serum
samples.

Synchronization of oestrus cycle was
carried out in all the fourteen ewes by inserting
vaginal progesterone impregnated sponges and
by parenteral administration of pregnant mare
serum gonadotrophin (PMSG). Blood and faecal
samples were collected on the day of sponge
insertion.  Thirteen days later the sponge was
removed before injecting each ewe with PMSG.

Immediately Coagulated blood, faeces and vaginal
samples were collected.   Again 2 and 4 days
later vaginal swabs were collected.  The ewes
were euthanized 33 days later and the fallopian
tube, mid uterus, and vagina were used for
chlamydial isolation.  All samples were stored at
–80 o C until further use.

Collection of samples

Faecal samples: Fresh rectal faeces collected
(0.1 to 25 g) were placed in transport medium
mixed with a rotomixer and centrifuged at 1000
xg for 10 min.  Twenty µl of the supernatant were
then used to inoculate a monolayer of McCoy
together with culture medium containing 200 µg/
ml of gentamycin   (15).

Reproductive tract samples: The sections of
the vagina distal, the mid region of the uterus and
the oviduct were obtained under aseptic conditions
and immersed into transport medium.  The
samples were cut up into smaller pieces with
scissors and broken further with mortar and
pestle.  After centrifugation at 1000 g for 10 min,
100 µl of the supernatant were used to inoculate
McCoy cells (12)

Vaginal swabs: Vaginal swabs for chlamydial
isolation and PCR were collected after gently
inserting sterile swabs into the vagina and rotating
them in both directions.  Immediately after
sampling, the tip of the vaginal swab was
immersed in transport medium, mixed with
rotomixer and centrifuged at 1000 x g for 10 min.
The supernatants were then used to inoculate
McCoy cell monolayers and for DNA extraction.
The samples were kept at –80 oC until used.

Bacterial identification and isolation
McCoy cells, grown in 24-well plate

monolayer were used for the isolation.  Inoculated
monolayers were examined for the presence of
inclusion bodies after staining cover slips with Diff
Quick stain at 48-72 hours post inoculation.  Some
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monolayers were frozen at -20 oC, then thawed
at 37oC, and the inclusions were disrupted by
shaking with glass beads for 1 min before
centrifugation at 5000x g for 10 min at 4 oC.  The
supernatant was collected and the pellets were
resuspended in sucrose phosphate glucose (SPG)
.  The suspension was centrifuged again after
brief sonication.  The supernatant was pooled and
centrifuged at 30,000 g for 30 min at 4oC (Sorvall
instrument, Dupoint, USA).  The pellet obtained
after ultracentrifugation was used to inoculate
fresh McCoy cell monolayers.  After three
inoculation cycles in fresh cells, the media and
cell pellet were tested for chlamydia-specific
lipopolysaccharide (LPS) by using the Clearview
Chlamydiae test kit (Unipath, inc., Nepean,
Ontario, Canada). Direct faecal samples smears
were examined for the presence of MZN-positive
elementary by Modified Zeihl Nelson (MZN)
stain.

Immunological Technique
Enzyme linked immunosorbent assay
(ELISA): The ELISA test was performed on
serum samples collected before insertion of
progesterone sponge insertion and 13 days later
(sponge removal and PMSG injection).

Polymers Chain Reaction  (PCR)
DNA extraction of vaginal and faecal swabs:
The swabs collected in Chlamydia transport
medium (CTM) were centrifuged at 2000 rpm
for 10 minutes.  About 400 µl of the supernatant
was then pelleted by centrifugation for 10 minute
at 1200xg.  After resuspending the pellet in 180
µl of ATL solution (supplied in the QIAamp DNA
mini kit) and adding 20 µl of proteinase K, the
samples were incubated at 65oC overnight. The
micro-centrifuge tube was centrifuged before
adding 200 µl buffer AL to the sample, then vortex
mixed for 15 sec and incubated at 70 oC for 10
min.  The tube was centrifuged and 200 µl of

ethanol (96-100%) was added and mixed.  The
mixture was then carefully poured in the QIAamp
spin column . The cap was then closed and
centrifuged at 6000 x g for 1 min.  The QIAamp
spin column was placed in a clean 2 ml collection
tube and the other tube containing the filtrate
discarded.  500 µl of buffer AW1 was added and
centrifuged at 6000 x g for 1 min and the tube
containing the filtrate was discarded. Then, 500
µl of Buffer AW2 was added and centrifuged at
20,000 x g for 3 minute and repeated as above.
200 µl of Buffer AE or distilled water was added.
After incubation at room temperature for 1-5 min,
the mixture was centrifuged at 6000 x g for 1 min
and the DNA extract was stored at -20 oC until
used.

DNA amplification: DNA was amplified as
described by Creelan and McCullough (2000),
using Clone 8 forward primer, 5’ TGG TAT TCT
TGC CGA TGA C 3’; and clone 8 reverse primer,
5’ GAT CGT AAC TGC TTA ATA AAC CG 3’
for the omp gene of Chlamydophila abortus..
3 µl of the DNA sample was added to 47 µl of a
reaction mixture containing 1xPCR super mix
(Life Technologies (20 mM Tris-HCl pH 8.4, 5
mM KCl, 1.5mM MgCl

2
), 200 µM

deoxynucleoside triphosphates, 2 Units Taq DNA
polymerase and 1 mM of each primer.   The
reaction mixture was overlaid with 30 µl of mineral
oil and initial denaturation  at 95 oC for 5 minutes
followed by 40 cycles of; 1 minute of at 94 oC,
1min of at 45 oC, 2 minutes at 72 oC and final 7
min extension at 72 oC.

The amplified product was analysed by
subjecting 5 of PCR products to electrophoresis
for 45 minute at 100 V on a 1 percent agarose
gel.  The gel was then stained with ethidium
bromide and illuminated by ultraviolet light.
Molecular weight markers X 174(Sigma) were
included in every gel.

Studies on carrier state of Chlamydophila abortus
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Statistical analysis
The antibody titres to C. abortus at two occasions
of oestrus synchronization (day 0 and 13-days
later) were compared by paired t test.

Results
Detection of chlamydiae:  At various occasions
of oestrus synchronization (Day 0 and 13-days
later) C. abortus was not isolated or specific
antigen was detected in the vaginal and faecal
samples collected on the day of progesterone
sponge insertion (Day 0) or on the day of sponge
removal (day 13).

Detection of chlamydial LPS: Chlamydia–
specific LPS were not detected by the Clearview
test in the samples collected before insertion or
in those obtained after sponge removal and PMSG
injection.  Samples continued to be negative after
the third passage on McCoy cell tissue culture.
PCR results using MOMP specific primers were
also negative.

Systematic antibody response:  Chlamydia-
specific IgG antibodies were detected in the sera
tested by ELISA.   The mean IgG antibody titre
of the serum samples obtained from the ewes on
the day of sponge insertion was 2.05 (log

10
), and

those obtained after the removal of the sponge
was 2.93 log

10
 (Table 1). The rise in antibody

titre following treatment with progesterone was
statistically significant (p<0.001)

Discussion
In the present study the possibility of a

carrier state following chlamydial abortion in two
farms where enzootic abortion was endemic has
been investigated by sequential collection of
vaginal secretions, faeces and serum samples
from ewes which had chlamydial abortion six
months earlier. C. abortus was not isolated after
three passages in any of the samples tested and
chlamydial antigens were not detected by
Clearview in the faecal samples and vaginal

Table 1. ELISA antibody titres (log 
10

)  of serum
samples obtained before and after
treatment with progesterone.

  Animal No Sponge insert-ion Sponge removal

90 0.9 3.3
120 1.2 3.6
0163 1.2 3.6
114 2.4 3
113 2.7 3.6
119 1.8 3
17 2.4 3
18 2.4 2.1
19 2.7 2.4
116 3 3
23 1.5 2.1
111 2.4 3
115 2.1 2.4

    Mean               2.05  2.93
  P (<0.05)

mucus obtained before or after insertion of the
progesterone sponges. However, significant levels
of antibodies were detected by ELISA in serum
samples obtained before and after insertion of
the sponges, with titres significantly rising after
insertion.

In earlier studies, clinical, serological and
immunological tests revealed that the lowest
number of infected sheep was registered in
animals younger than 18 and highest in animals
aged 18 to 24 months. In sheep aged more than 3
years, titre of antibodies was significantly reduced.
Furthermore, in sheep which aborted, the infection
level was 2.5-fold higher as compared to sheep
which didn’t abort. The highest prevalence of
chlamydia (66.7%) was registered in placentas
of sheep which aborted (1). These results
contradict those reported by Papp et al. (13), who
detected LPS but not live chlamydiae, after the
third passage of vaginal swabs obtained from
chronically infected ewes. The specific serum
antibodies to Chlamydophila abortus  was present

Rabia Abadía Elzlitne  et al
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in 2,360 out of 20,878 sheep sera examined
(11.7%), and in 85 out of 1,162 examined goats
(7.7%) in slovek republic (2).

The lack of detection of chlamdyial antigen
by MZN or by culture is consistent with that
reported by Clarkson and Philips, (3), who could
not detect C. abortus in the faecal samples
obtained from ewes in farms where enzootic
abortion was endemic.  However, other workers
have reported that C. abortus is occasionally
isolated from faeces (16).  It appears that C.
abortus is not excreted in the faeces of naturally
aborting ewes but further studies are needed to
examine flocks where enzootic abortion is present
and for the possible role of faeces as source of
infection, as some enteric isolates were reported
to be capable of causing abortion in pregnant ewes
after intravenous injection (15).

In the present study attempts to demonstrate
chlamydial antigens by immunohistochemical
staining of sections of the reproductive tract
obtained from ewes six months after chlamydial-
abortion were also unsuccessful.  This is also in
contradiction to the observations of Papp et al
(11), who reported the demonstration of
chlamydial antigens in vaginal and cervical
samples obtained from chronically infected ewes
using immunohistochemistry. However, their
samples were obtained from ewes that had
experienced C. abortus induced abortion 3 years
earlier.  Whereas in the present study the samples
were obtained during the second oestrus cycle,
six months after abortion due to C. abortus.

The Clearview Chlamydia test kit is reported
to provide fast and easy-to-use method for the
detection of chlamydiae.  It has high sensitivity,
which makes it a useful screening tool, but it is
not species-specific as the LPS it detects are
shared by other chlamydiae and possibly other
bacteria.

It has been reported that C.abortus persists
in subepithelial cells in the vagina, uterus, and
oviduct of chronically infected ewes. Invasion of
the chlamydiae beyond the mucosal epithelial cells
provide opportunity for persistence. So it possible
that viable C. abortus had not been excreted
secretion during the period of collection.

The Polymerase Chain Reaction (PCR),
which is easy, sensitive and quick method of
detection, is now widely used for the detection of
C  abortus.  One advantage of using PCR for
the detection of EAE is that viable EB do not
have to be present, unlike the requirements for
cell culture isolation. A PCR was used to detect
the genome of Chlamydophila abortus in
samples of uterine tissue collected from 304
sheep. The total prevalence of the chlamydial
genome was 30.9 per cent, with a significantly
higher prevalence in the pregnant animals as 46.9
per cent. (10)

In the present study PCR was used as a
confirmatory tool after extracting DNA from
faeces and vaginal secretions‘ using primers
specific to the MOMP gene as described by
Creelan and McCullaugh (4).  The use of ovine
abortificient strain-specific primers for the
detection of DNA from placental tissues was
reported to be a sensitive and specific.  The
specificity of clone 8 primers for C. abortus
avoids the potential detection of C. pecorum,
which is known to infect sheep (6). None of the
samples tested were positive, suggesting that
either there were no EBs ofC. abortus in the
samples or there were non infectious forms (RBs)
which could not be detected by DNA
amplification.  It has been reported that
chlamydiae can be detected at early stage by
ribosomal RNA (rRNA).

A variety of sample preparation methods
such as immunomagnetic separation (IMS) have
successfully been applied to improve the

Studies on carrier state of Chlamydophila abortus
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sensitivity of PCR assays (5). Real-time PCR
analysis of placental samples identified very few
or no chlamydial genomes, which contrasted
significantly with samples taken at the time of
abortion. The results suggested that the low levels
of chlamydial DNA detected during the
periovulation period and at lambing do not
significantly impact on the epidemiology of EAE.
In terms of flock management, the products of
abortion should be considered the major and
principal source of infection for transmission to
naïve ewes. (8)

The C. abortus was detected by PCR for
the first time in milk samples collected from ewes
with EAE history using the IMS technique.
However, the absence of a C. abortus using PCR
and IMS in some animals with EAE history does
not necessarily mean that they were free from
the disease, as the possibility of excretion in milk
is considered to be rather low (17).  Chlamydiae
may be present in low numbers in ewes and shed
only intermittently or that other animals could act
as reservoirs of infection (3).  It is possible that
the organism did not persist in the aborting ewes
or the concentration of C. abortus DNA in the
reproductive tract of persistently infected ewes
so low, that it cannot be detected by PCR.

The peri-glandular region of basal zone of
endometrium is an area where infiltrating
macrophages reside (7).  Infiltration of
macrophages in peri glandular cells may help
presentation of chlamydial antigen to be presented
to MHC Class II and to stimulate the production
of systemic antibodies.  The serum samples from
these ewes showed significantly higher
chlamydia-specific IgG titre during the period of
peri-ovulation. This finding is in close agreement
with that of Papp et al. (11).  There was also an
increase in antibody reactivity during the
periovulation period in 3 of the 8 sheep examined,
with a slight increase in IgM and IgG antibodies.

Specific antichlamydial antibodies can neutralize
chlamydial infectivity in vitro by preventing
attachment to target cells or facilitating
intracellular destruction. In terms of flock
management, as suggested earlier by many
researchers (8), the products of abortion should
be considered the major and principal source of
infection for transmission to naïve ewes
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Automated Synchronization of P. falciparum

Abstract
As malaria keeps affecting millions of lives

every year, research based in culture of
Plasmodium falciparum in vitro needs to be
efficient and accurate. The development of better
techniques and methodologies for the growth and
maintenance of the parasites can save money,
time, and lead to more trustable results. It has
been observed, first in patients and then in the
laboratory, that the malaria falciparum parasites
growth is affected by high temperatures. This trait
can be used with laboratory cultures to
synchronize and maintain the parasites in the same
stage of their cell cycle. This harmony of stages
is very desirable for the purpose of conducting
metabolomic, proteomic and transcriptome
analysis as well as for drug screening. Most
scientists in the field of malaria use chemicals
(usually sorbitol) that kill certain stages of the
parasite to obtain synchronization, but this latter
method does not last long and the parasites thus
treated should not be used for assays immediately
after the treatment, due to the toxic effects that
might have been infringed in the culture. A
temperature cycling incubator (TCI) was acquired
in our laboratory and it was used to test the
synchronization of the multidrug resistant W2 and
chloroquine resistant 7G8 strains, commonly used
in our bioassays where they and their
synchronization constitute essential tools for our

drug discovery program. We followed the protocol
designed by Haynes and Moch in 2002 and we
made a comparison of the effectiveness of each
of the two methods, chemical and temperature
based. Our results show W2 synchronization by
temperature cycling, with the help of an initial
use of 0.3 M alanine, to last more than two months
while a tight synchronization with the use of 5%
sorbitol was lost as rapidly as in one week. Sorbitol
could also be used with the TCI for
synchronization with good results. However, 7G8
could not be efficiently synchronized with
temperature cycling using the same program as
that of W2.

Key Words: P. falciparum, Culture,
Synchronization, High temperature, TCI.

Introduction

It has been described that in vitro growth
of Plasmodium falciparum is inhibited by high
temperatures (1-5) and there have been
relationships drawn from these findings on how
fever in malaria patients may influence parasite
growth, coordination of cyclic stages, and
parasitemia.

In 2002, Haynes and Moch published a
method for using these observations to
synchronize P. falciparum cultures for laboratory
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use (6). For almost every in vitro experiment with
this parasite there is a need for a synchronized
culture. Traditionally, a chemical like sorbitol has
been used to kill the mid to late stages of P.
falciparum, leaving only rings alive and thus
synchronizing the culture. The method optimized
by Haynes and Moch saved the parasite from
constant exposure to a foreign chemical and made
maintenance of culture more amenable to the
labor hours of technicians and scientists. The
method used an exact cycle of 48 hours for the
completion of the cell cycle. They used the FVO,
Dd2, and 3D7 strains to test their system and
gave suggestions on other strains that could be
synchronized through temperature (FCR-3,
CAMP, and FCB-2). We incorporated their
temperature cycling methodology to try to
synchronize the 7G8 (7) strain and the chloroquine
resistant strain, W2 (8) used in our bioassays for
drug screens; here we report the conditions used
and the outcome of our test.

Material and Methods
Culture: We cultured strains 7G8 and W2 using
the conventional method of Trager & Jensen (9)
with some modifications, that include the use of
RPMI 1640 medium modified (Sigma-Aldrich),
25 mM HEPES, 15 µM hipoxanthine, 50 mg/mL
gentamicine sulfate, and 200 mM L-Glutamine,
supplemented with 10% human serum, 2%
sodium bicarbonate and a balanced mix of gases
(90% N

2
, 5% O

2 
and 5% CO

2
). Cultures were

checked every day for optimal development and
health by making thin film slides stained with
Giemsa and having their parasitemia assessed by
light microscopy for up to 70 days.

Synchronization of parasites: Cultures of 7G8
and W2 were incubated in parallel in a temperature
cycling incubator (TCI) (Cooled Incubator, Sanyo,
Model MIR-154) and a static temperature
incubator set at 37°C (Lab-Line Instruments Inc.
Imperial III Incubator). The TCI temperature

fluctuations and their exposition times are as
following: (i19:30), 22°C (2:22), 37°C (13:42),
39.8°C (9:30), 37.2°C (21:26), 38.2°C (1:00)
(same as Haynes´conditions for FVO); making
the parasite cycle last exactly 48 hours. We used
0.3 M alanine (Sigma-Aldrich) as first treatment
for synchronization of cultures in TCI (5) and 5%
sorbitol for cultures in a 37°C incubator, as
described (10). We made a comparison between
the collected data from the W

2
 and 7G8 strain

culture of P. falciparum exposed to the febrile
temperatures of the TCI and those set at 37°C in
a normal incubator.

Results and Discussion
The TCI method synchronized our culture

obtaining values between 85% and 100%
synchrony during a 70 day period (Figure 1). At
this point we stopped counting. It is worth noting
that with this method we can also obtain  high
parasitemias if needed.  In the cultures kept at
37°C and treated with sorbitol, as used to maintain

Fig. 1. Synchronization of P. falciparum by alanine
and incubation in a TCI. To asses synchronization the
percentage of each of the stages of the cell cycle of
the parasite was determined in Giemsa stained smears
taken from the culture on the days depicted in the
graph. Parasites were treated one time with 0.3M
alanine at the beginning of the culture and then they
were placed on a temperature cycling incubator (TCI).
R (rings), T (trophozoites), S (schizonts).
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our parasites, we only got synchronization for a
little over a week (Figure 2), and almost never
observed 100% synchronization. While at the first
day after treatment there were 93.8% of rings,
by day 9 there was already a mix of 43.3% rings,
36.7% trophozoites, and 20% schizonts.

For the purpose of comparing if the choice
of chemical used at the beginning of the
synchronization period was responsible for the
success of the method, we placed a culture
synchronized with sorbitol into the TCI. Although
alanine proved to be slightly superior, excellent
synchronization results were again obtained with
sorbitol, which points out to the great advantage
of using a TCI over a 37°C incubator, and that
this is the major factor responsible for the good
outcome of synchronization numbers. One thing
to note, though, is that at constant 37°C we always
got higher parasitemias than in the TCI incubator,
but the culture was less synchronized.

As for the 7G8 strain, with the alanine
treatment and incubation in the TCI, we could
not obtain the synchronization last for more than
a week with the temperature program we used
for the W2 strain (data not shown). After their
publication in 2002 where they reported problems
synchronizing 7G8 with their TCI method, Moch
and Haynes have been able to put 7G8 in
synchrony using this methodology, with a different
temperature program (personal communication).
For a malaria research laboratory, if it is possible
to acquire more than one temperature cycling
incubator, it is worth the investment. Together with
the alanine treatment which seems to be less toxic
on the parasites than the sorbitol one (11), the
time shifts of technicians are perfectly adjusted
to when they receive samples for the bioassays,
making the method highly efficient and work
amenable.

Conclusions
The repetitive automated synchronization

cycle achieved with TCI makes availability of
parasites within work hour schedules, at the same
time that it helps satisfying  specific aims of our
research that require high synchronization.
Through adjustments in programming of the TCI,
different strains of P. falciparum can be highly
synchronized, considering that each one has

Fig. 2. Synchronization of P. falciparum by sorbitol and use
of a 37°C incubator.  To asses synchronization the percent-
age of each of the stages of the cell cycle of the parasite was
determined in Giemsa stained smears taken from the culture
on the days depicted in the graph. Parasites were treated
one time with 5% sorbitol at the beginning of the culture and
then they were placed on a 37°C constant temperature incu-
bator. R (rings), T (trophozoites), S (schizonts).

Fig. 3. Synchronization of P. falciparum by sorbitol and
use of a TCI. To asses synchronization the percentage of
each of the stages of the cell cycle of the parasite was deter-
mined in Giemsa stained smears taken from the culture on
the days depicted in the graph. Parasites were treated one
time with 5% sorbitol at the beginning of the culture and
then they were placed on a temperature cycling incubator
(TCI). R (rings), T (trophozoites), S (schizonts).
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different cycles of temperatures and times of
exposure. In our case, the W2, a highly valuable
strain for drug screening, can be satisfactorily
synchronized with this methodology while
retaining great viability and making the results of
bioassays more accurate.
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Genome analysis of selected foodborne pathogens

Abstract
As the bacterial pathogens are showing

growing resistance against existing antibiotics,
there is an urgent requirement of pharmaceutical
companies for designing new and effective drugs
against these pathogens causing common
foodborne diseases. We have performed in-silico
genomic analysis of two virulent foodborne
pathogens Listeria monocytogenes and Bacillus
cereus for identification of potential drug targets
for novel drug discovery. Our prediction found
small number of genes of each pathogen to be
targeted for drug designing. The gene products
are found to be involved in various important
regulatory proteins, membrane proteins and
hypothetical proteins of unknown function of
bacterial species. Further using KEGG pathway
prediction various enzyme proteins were found
which have active role in biosynthetic and
metabolic pathways. The primary goal of this
study was to provide a valuable resource of drug
targets to the scientific community. The current
data is included in “Drug Targets Protein
Database” developed by our group.

Key word: Antimicrobial drugs; Essential
proteins; Drug targets.

Introduction
Burden of microbial diseases and

simultaneously more antibiotic resistance shown

by bacteria on existing antibiotic drugs needs a
different approach to find drug targets for
destroying bacteria more effectively. The
development of effective antimicrobial drugs is
the major challenge in field of pharmacogenomics.
Growing number of microbial genome sequencing
projects have generated large number of
sequences. Recently, a number of computational
tools have been developed for in silico analysis
of gene sequence information (1). The genome
information is also useful to identify potential and
essential candidate of the microbial systems (2).
A good target is a gene essential for bacteria to
survive, yet cannot be found in the mammalian
host (3). An ideal drug target should provide
adequate selectivity yielding a drug which is
specific or highlys elective against the pathogen
with respect to the human host. Moreover, the
target should be involved in viability, growth and
other essential metabolic processes of the
pathogen at least under the condition of infection
(4). Most of the previous research is revealed
with identification of essential gene on the basis
of experimental data acquired from gene
disruption and systematic mutagenesis studies on
the bacterium (5). There is huge chance of lethal
action on bacteria by inactivation of essential
genes. Targeting non human homologous genes
are much important to avoid possibilities of
unacceptable crossreactivity that might causes
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side effect to the host (6). We have performed
in-silico genomic analysis of virulent foodborne
pathogens Listeria monocytogenes and Bacillus
cereus for identification of potential drug targets
for novel drug discovery.  Listeria
monocytogenes causes Listeriosis a virulent
foodborne clinical infection. Similarly, Bacillus
cereus  a, Gram-positive, rod-shaped, beta
hemolytic bacterium causing causing severe
nausea, vomiting and diarrhoea. These data could
be used for the identification of conserved protein
sequences which are essential for bacterial
survival (7). These conserved proteins are very
important in finding drug targets in pathogens, ideal
antimicrobial targets should be highly conserved
among as well as essential for the pathogenic
bacteria (8).

Methods
The BLAST executable of protein

sequences for these two bacterial species were
downloaded from NCBI  By using CD-HIT
paralog sequences at 60% identity were excluded
from further study as earliesr described (9, 10).
The essential gene sequences were taken form
from the Database of Essential Gene (DEG). Non
human homologous sequences were identified by
BLASTP analysis of non redundant sequences
at E-value cut-off of 10-3 against human protein
sequences (9, 10).  Non human homologous
sequences were aligned with sequences
downloaded from DEG database using BLASTP
at an E-value cut-off of 10-10 and 30% identity.
The resultant protein sequences were considered
as essential drug target proteins. Further using

KEGG (http://www.genome.jp/kegg.html.)
pathway prediction these essential drug target
proteins were analyzed whether these are active
role in various metabolic and cellular pathways.

Results and Discussion
Bacteria are the greatest threat to food

safety and may cause food poisoning. Listeria
monocytogenes is a causative agent of Listeriosis,
a most virulent foodborne clinical infection and
leading cause of death among foodborne bacterial
pathogens (11).  The majority of human listeriosis
cases occur in neonates, immunosupressed,
pregnant women and old people. This is a major
threat to human health (12). The recent study
describes the way Listeria grabs onto molecular
handles on cells in the small intestine and then
switches on those cells’ own uptake systems to
hitch a ride inside (13). Similarly, Bacillus cereus
is a, Gram-positive, rod-shaped, beta hemolytic
bacterium causing nausea, vomiting and diarrhea.
Generally speaking, Bacillus foodborne illnesses
occur due to survival of the bacterial endospores
when food is improperly cooked.

The computational analysis of full
genome sequences for identification of  probable
antimicrobial drug targets has become a new trend
in pharmacogenomics. Two bacterial pathogens
causing foodborn human disease (Table1) were
covered for genome analysis and summary of the
results are listed in Table 1. The current study
has been included in our database (14).

List of all drug targets for each pathogen
is listed in Tables 2 & 3. We got adequate number

Table 1. Summary of genome analysis of selected bacterial species

Species Discase caused
Total No. of Non-paralogs Non human Number of
protein coding homologous proteins with
sequence proteins matches

in DEG
(Essential
protiens)

Bacillus cereus B. cereus food poisoning 5754 5486 4256 99
Listeria maonocytogenes Listeriosis, perinatal septicemia, meningitis, 2846 2814 1973 82

encepthalitis, intrauterine infections
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of promising drug target protein in each species.
Finally 82 genes in Listeria monocytogenes and
99 genes in Bacillus cereus were found which
can be used as promising drug targets. The targets
genes identified are involved in regulator protein,
membrane proteins and hypothetical proteins of
unknown function of bacterial species. No similar
protein is functional in human. Further KEGG
pathway prediction shows that 20 proteins in
Bacillus cereus and 9 proteins in Listeria
monocytogenes were found to have active role
in biosynthetic and metabolic pathways (Table 4
and Table 5). The data for total number of gene
sequence following non human homologous
sequences and essential genes  are shown in Table 1.

 Recent publication of genome sequences
of many organisms and several new
bioinformatics tools have facilitated identification
of antimicrobial drug targets in pharmacoge-
nomics. In recent study, RecA was found an
important factor in DNA repair and the activator
of the SOS response that contributes to the
resistance against acid and bile and to the ability
of L. monocytogenes to adhere and invade human
intestine epithelial cells (15). Present study reveals

Genome analysis of selected foodborne pathogens
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Table 5. List of protiens (manily enzymes) having active role in biosynthetic and metabolic pathways of Bacillus cereus
S.No.    Gene ID Protein name Role                               EC Number

with in silico analysis of essential genes as a
preliminary step to screen through genome of
these pathogens. We found some enzyme proteins
actively involved in various processes like DNA
replication, recombination, repairing etc. thus
these enzyme/proteins can be used to deactivate
RecA  to  inhibit  further  growth  of L.
monocytogenes. On average very less number
of genes was annoted as essential genes so to
allow for experimental analysis, leading to a
systematic strategy in designing novel
antimicrobial active compounds. These genes are
of interest for further characterization to
understand role of these gene in survival of
species, as multi-drug target as they are involved
in regulator protein, membrane proteins involved
in biosynthetic and metabolic pathways and
hypothetical proteins of unknown function of
bacterial species. The compounds active on these
genes are expected to be more effective for lethal
action on bacteria without affecting host body.
The long term goal of the study is to analyse several
pathogens genome and prepare an extensive
database of essential drug target proteins databse
as scientific resource.
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Bt gene targeting in Brinjal

Abstract
Gene integration in plants by homologous

recombination eliminates variation in transgene
expression and gives a predictable plant
phenotype. Present study demonstrates
homologous recombination-mediated integration
of Bacillus thuringenisis cry1Fa1 gene at
Flavonoid-3-glucosyltransferase (anthocyanin
biosynthesis pathway) locus in Brinjal (Solanum
melongena L.), for introduction of resistance
against its major insect pest ‘Brinjal Fruit and
Shoot Borer’ (BFSB) (Leucinodes orbonalis).
The transgenic lines showed complete protection
against BFSB. These results provide a novel
perspective on development of genetically
modified crops with stable and predictable
transgene expression, and the possibility of the
utilization of such promising technology in future
crop improvement programmes.

Key words: Anthocyanin, Bt transgenic, Gene
targeting, Homologous recombination, cry1F,
Leucinodes orbonalis.

Introduction
Technological developments in the field of

plant molecular biology and biotechnology have
revolutionized crop improvement (1). Available
gene pool of all the living organisms makes it
possible to introduce beneficial genes from any

species to the desired crop varieties (2). Standard
plant genetic transformation techniques are
Agrobacterium-mediated transformation and
particle bombardment (3). In both of these
approaches random transgene integration by
illegitimate recombination in the genome results
in considerable variation in transgene expression
across different integration events and variation
in transgene copy number (4). In addition, random
T-DNA integration induces undesirable mutations
in the host genome with unpredictable phenotypes
(5). Gene targeting is a potential technology that
can be used for making transgenic plants with
predictable transgene expression and changes in
host plant genome (6). It is based on homologous
recombination, which allows the integration of
DNA at predetermined positions, and therefore
facilitates precision genome manipulation (7, 8).

Gene targeting has been efficiently applied
to modify the genomes of bacteria (9), fungi (10)
and eukaryotes (11), especially mammals where
the targeting frequencies of 10-2 have been
reported (12, 13).  In  plants a gene  targeting
frequency of only 10-6 to 10-3 have been reported.
(14, 15,16,).  Different strategies that include
extending the homology length in targeting vectors
(17) and using strong positive-negative selection to
enrich the targeted events had been tested (18,
19). Shukla et al. (21) and Townsend et al. (20)
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described modification of maize gene IPKI and
tobacco gene SuRB gene respectively (20, 21).
Shukla et al. (21) introduced an herbicide
resistance gene into the IPKI locus and found
that 3-20 percent of the resistant samples had
IPKI targeted integration. Townsend et al. (20)
used homologous recombination to target small
change in the SuRB gene that resulted in achieving
gene-targeting rates of four percent.

Since the first report on transgene integration
by HR in plants (22), with the exception of a recent
report by Shukla et al. (21), all attempts were
limited to the demonstration of either integration
of an exogenous gene at a predefined locus with
increased frequency or screening rare HR events
from random integration events (23). The present
study was carried out carried out to harness the
benefit of gene targeting by developing insect
resistant Bt transgenic brinjal (Solanum
melongena).

Brinjal (Solanum melongena L), an
important vegetable crop is severely infested by
Brinjal Fruit and Shoot Borer (BFSB)
(Leucinodes orbonalis) (Lepidoptera: Pyralidae)
(24). The B. thuringenisis cry1F gene has been
found to be very effective against BFSB (Kumar
et al. unpublished) and hence was selected for
introduction in brinjal. For screening out the
random T-DNA integration events at early stages
of transgenic plant development, GUS reporter
gene was used as a negative screening marker.
Two targeted gene integration events were
recovered out of 954 random gene integration
events. The present study successfully
demonstrated genetic modification of a crop plant
for insect resistance by gene targeting.

Materials and Methods
Vector construction for homologous
recombination :Brinjal cv. Pusa Purple Long was
used as the host plant for carrying out the gene

targeting experiments. Flavonoid-3-
glucosyltransferase (F3G) gene from
anthocyanin synthesis pathway, which catalyzes
the conversion of flavonoids into glycosides, was
selected as a target locus. The target gene F3G
was PCR amplified from brinjal genomic DNA
using gene specific primers based on the published
sequence (GenBank accession no. E12713). The
PCR amplicon (1.3 kb) was cloned into
pGEMTeasy vector (Promega) and referred as
pF3G-TA. To develop HR mediated gene
integration vector, F3G gene from pF3G-TA
vector was sub-cloned in pCAMBIA1304 using
XbaI (vector)-XhoI (insert) blunt at 5’end and
SalI site at 3’end.   pBI121∆GUS vector was
generated by deleting GUS gene from pBI121
vector. In the next step, nptII expression cassette
and CaMV35S promoter with NOS terminator
from pBI121∆GUS were excised out with EcoRI
and PmeI, end-filled and cloned at end-filled
BamHI site (640 bp) of F3G and the construct
was refered as pF3GT (Fig. 1). The synthetic
codon modified cry1F gene was cloned in XbaI-
BamHI sites present between CaMV35S
promoter and NOS terminatior, downstream to
nptII expression casette. This final construct
named as pF3GT-F, was used as the gene targeting
construct.

Genetic transformation of brinjal : Binary
vector pF3GT-F was mobilized in Agrobacterium
tumefaciens strain EHA-105 by freeze-thaw
method (25). Brinjal was genetically transformed
by using cotyledon leaf explants (26). The rooted
kanamycin resistant plants were transplanted to
pots, acclimatized and maintained in a glass
house.

Histochemical GUS assay : Third leaf from
putative transformants was analyzed for GUS
activity (27), for screening the T-DNA
integration events.  Leaf tissues were immersed
in 0.5 ml GUS assay buffer (0.5M EDTA,
Triton X-100, 0.1M Sodium phosphate buffer
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(pH 8) and X-Gluc (52.0 gm/ml) in 24 well
plates and incubated overnight at 37°C,
followed by incubation in 70% ethanol for four
hours to remove chlorophyll.

Molecular Analysis   : Plant genomic DNA was
isolated from T-0 plants (28), and screened for
GUS, nptII and cry1F gene using a modified PCR
protocol for testing Agrobacterium contaminated
transgenic plants (29).   Following gene specific
primer sequences were used - nptII forward
primer (5’-CAA TCG GCT CTG ATG CCG-3’)
reverse primer (5’-AGG CGA TAG AAG GCG
ATG CGC-3’), GUS forward primer (5’-GAC
TGT AAC CAC GCG TCT GTT GAC-3’)
reverse primer (5’-AGC CAT GCA CAC TGA
TAC TCT TCAC-3’), cry1F forward primer (5’-
GGA GTG GGA GTG GCG TTT GGC CTG-3’)
reverse primer (5’-CCA GTT TGT TGG AAG
GCA ACT CCC-3’). These primer sets were
designed for the amplification of 0.74 kb, 1.2 kb
and 1.0 kb fragments of nptII, GUS and cry1F
genes, respectively. The PCR conditions were

as follows: Initial denaturation at 94°C for 4 min;
followed by 33 cycles of 94°C (1 min), 55°C (1
min), and 72°C (1 min) and final extension at
72°C for 5 min.

Results and Discussion
Target site selection : Large variations in
expression and stability among different random
integration events of transgenic plants developed
by T-DNA integration are caused by genomic
context in which the transgenes have integrated
(6). Genes integrated in heterochromatin generally
get silenced due to methylation of promoter region
or packing of DNA into chromatin (6), making
the promoter inaccessible to RNA polymerases
and transcription factors. Targeted gene
integration at a predetermined location in the plant
genome by homologous recombination provides
a mechanism to develop transgenics with
predictable expression. However, expression of
the transgene depends on the selection of targeting
site used for HR based heterologous gene

Fig. 1 Strategy of gene targeting through homologous recombination in brinjal (S. melongena L.).  A. Vector
construct (pF3GT-F) for targeted integration of nptII and cry1F gene at F3G locus by homologous recombina-
tion, GUS expression cassette lies out of homologous recombination cassette (region between two X), B.
showing homologous recombination between T-DNA and F3G locus in brinjal genome, homologous recombi-
nation events will not have GUS gene integration in plant genome, C. F3G locus after homologous recombina-
tion mediated integration of nptII and cry1F genes.

Bt gene targeting in Brinjal
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integration. To develop transgenic brinjal for insect
resistance, Bt gene driven by strong CaMV35S
promoter must express in leaf, young stem and
fruits at considerably higher level. It is possible
only when the gene locus selected for targeted
integration of Bt gene is under favorable chromatin
structure or context for transcription in all the
target tissues.

In the present study, F3G gene, a key
enzyme in anthocyanin biosynthesis pathway was
selected as a locus for gene targeting.
Anthocyanin pigment is present in leaf vein, young
stem, flower and fruit (Fig. 2A-B). RT-PCR
analysis also confirmed that F3G gene is expressed

in leaves, young stems, flowers (petal) and fruit
epidermis (Fig. 2C). So, F3G locus can be a
suitable genomic context for expression of cry1F
gene, driven by a constitutive promoter. F3G is
encoded by an intron-less gene of 1.3 kb length
and there are 3 copies of F3G in S. melongena
genome (Fig. 2D). Hence, disruption of single
copy of F3G gene may not have pleiotropic effects
on the plant. The active transcription of F3G in
all the desired tissues was presumed to provide a
favorable genomic context for expression of
cry1F gene and presence of two functional F3G
copies after loss of one copy of F3G by targeted
gene integration may not have any significant
effect on anthocyanin synthesis. This strategy

Fig. 2   Analysis of F3G expression and gene copy number in brinjal. A-B. anthocyanin pigmentation in   leaf
vein (LV), flower (F) and B. fruits, C. RT PCR for F3G transcript in 1. leaf, 2-3. stem and fruit epidermal tissues
and 4. petal, showing expression of F3G gene in these tissues, D. Southern analysis indicating three copies
of F3G gene  in  brinjal genome.

Dipty Shrivastava et al
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may over come two limitations of current
transgenic technology i.e., unpredictable
transgene expression and effect of the mutation
induced by transgene integration. Selection of
multiple copy gene as targeted site for HR based
integration may result in multicopy transgenics.
However, this is a rare possibility, when chances
of getting one HR event is in an order of 10-4

chances of getting two integration events in a
single cell will be in an order of 10-8.

Identification of gene targeted events
Low frequency of homologous

recombination in comparison to random T-DNA
integration is a major limitation to find a rare gene-
targeted transgenic event. Earlier Terada et al.,
has used a positive-negative selection for
identification of six gene targeting events in rice
(30). However, use of negative selection such as
diphtheria toxin (DT) has a disadvantage because
the presence of even single toxin molecule
produced by transient expression is sufficient to
kill a cell. Losing any cell having gene integration
by HR, because of transiently expressed DT will
be counterproductive when GT frequency is in
an order of 10-4. To overcome this problem a
negative screening strategy in combination with

a positive selection marker nptII was employed
in the present study. The T-DNA carries GUS
gene expression cassette, which is placed out of
F3F gene sequence used for homologous
recombination (Fig. 1). Thus the random
integration transgenic events will have a functional
GUS expression cassette while transgenic
developed by homologous recombination will be
devoid of GUS gene (Fig. 1, 3). Random
integration events were screened out by GUS
assay at an early stage of plant regeneration.
However, with this approach non-transgenic and
partial T-DNA integration (without GUS) events
also show GUS-negative results. Hence, putative
transgenic plants need further molecular analysis.
This limitation was overcome by employing a PCR
screening method earlier developed in our
laboratory (29) that overcomes the limitation of
false positive amplification arising from
contaminating Agrobacterium. Combination of
negative screening with modified PCR protocol
greatly simplified the identification of rare HR
events. Use of negative screening methodology
may prove useful in plants that have long callus
phase during regeneration. Random integration
events can be screened out during early callus
phase.

Fig. 3 GUS assay of leaf from putative transgenic brinjal plants. A. Transgenic plants developed through
random T-DNA integration (GUS positive), B. Transgenic plants developed through targeted gene integration
(GUS negative).

Bt gene targeting in Brinjal
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At the first step of screening, out of 956
kanamycin resistant shoots obtained through
Agrobacterium-mediated genetic transformation,
189 were found GUS negative. The GUS positive
shoots were eliminated from the study and GUS
negative shoots were further analyzed for HR
based gene targeting events. At the second step
of screening, integration of nptII and cry1F
without GUS gene was confirmed by PCR (Fig.
3). Out of the 189 shoots screened by PCR, 75
shoots showed integration of all the three genes
(possibly low expressing lines) while 112 shoots
showed integration of none or only nptII (possible
escapes or truncated T-DNA integration). Two
transgenic lines were found positive for nptII and
cry1F integration but without GUS gene (putative
GT events) (Fig. 4).

HR based gene targeting in plants has been
used only to demonstrate either induction of
mutation or replacement of endogenous DNA
fragment (23). Development of GT rice cell lines
tolerant to the acetolactate synthase (ALS)
inhibiting herbicide bipyribac (BS) have been

reported (31). Terada et al. (2007) Improved GT
procedure to obtain nine independent transformed
calli in rice having Alcohol dehydrogenase2 (Adh2)
gene modified with the frequency of 2% per
surviving callus. Shukla et al.  (2009) used ZFNs
to modify endogenous loci in maize. Insertional
disruption of one target locus, IPK1, resulted in
both herbicide tolerance and the expected
alteration of the inositol phosphate profile in
developing seeds. Herbicide-resistance mutations
were introduced into SuR loci by ZFN-mediated
gene targeting at frequencies exceeding 2% of
transformed cells for mutations as far as
1.3 kilobases from the ZFN cleavage site. More
than 40% of recombinant plants had modifications
in multiple SuR alleles (20, 21)

In this report, an important vegetable crop
has been transformed by targeted gene integration
and the heterologous gene introduced (synthetic
cry1F) to provides protection against its major
insect pest BFSB (L. orbonalis).  The present
study provides   initial leads   in  the development

Fig. 4: PCR amplification of cry1F, nptII and GUS gene for confirmation of putative transgenic brinjal for
homologous recombination mediated gene integration. M. Marker 1 kb DNA ladder, Lane 1, 3, 4, 8 and 10
putative transgenic brinjal obtained through random integration, lane 6 and 9 putative GT events and lane 2, 5
and 7 escapes.
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of Bt transgenic lines by gene targeting using a
short length (643 bp) homologous sequences and
without help of any recombinase genes. This will
prove useful for application of HR based gene
targeting in other crop species for genetic
improvement as well as in functional genomics.
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 Effect of glycine on growth of Bombyx mori

 Abstract
The effect of dietary L-glycine (gly) on

the growth and production of pupa and cocoon of
the Nistari variety of silk worm Bombyx mori
was investigated. Different treatment schedules
(2% and 3% gly smeared on the mulberry leaves
with once and twice supplementation from 1st and
2nd day of Vth instar larvae) were performed with
suitable controls. The growth of the larvae and
silk gland weight were significantly increased with
gly supplementation. L-gly supplementation also
enhanced the cocoon and pupa production.
However, gly was found to have specific effects
on the growth and  production of  pupa and cocoon
of Bombyx mori.

Key words: L-glycine,  Larvae, Dietary
management, Silk gland, Growth, Bombyx mori.

Introduction
Nutrient supplements have been studied

over decades to improve the production of
economically important species of insects. In case
of arthropods, especially in lepidoptera, many
reports are there regarding improvement of their
growth and production of pupa and cocoon of
Bombyx mori and reproduction with better
dietary supplement (1; 2; 3). Etebari et al. (4)
reported that glutamic acid and urea
supplementation to silk worm Bombyx mori, has
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a remarkable effect on its larval growth and body
glucose level. Therefore, improving the quality of
mulberry leaves by supplying bacterial and fungal
biofertilizers with an aim to produce better quality
and quantity cocoons has been studied (5).
Hydrolyzed soybean protein, P-soyatose which
contains high amount of leucine has also been
used to get an augmentation of silk proteins in
silk glands (6). Further, the dose dependant vitamin
supplementation with both positive and negative
impact on the growth of B. mori larvae has been
reported. However, Ito (7) described that
carbohydrate, protein and other nutritional
supplementation with artificial feeds can positively
influence the larval growth, survival and cocoon
production in silk worm B. mori. Nutrient
supplementation also has multifarious effects
including increase in hemolymph protein
concentration (8, 9) and weight of body, silk gland
and cocoon weight (10, 11) in silk worms. But
nutritional over supplement may create the
disease epizoitics which finally may reduce silk
production.

 Apart from sericulture values, Hu et al.
(12) reported that amino acids from silk worm
pupa have medicinal values as it increases
intracellular reactive oxygen species in human
hepatoma cells and acts as carcinostatic agent
by inducing apoptosis. Improved and qualitative
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silk worm pupa has also human nutritional values
(13, 14). In this regard, Babu et al. (2) tried to
enhance spinning rate in Mysore and NB

4
D

2

varieties of silk worm B. Mori. However,
information on the effect of dietary gly
supplementation on cocoon and pupa production
is seldom available. It is note worthy to mention
here that glycine has the principal function as a
precursor to proteins. Synthesis of the central
C

2
N subunit of all purines needs glycine as

precursor. D-aminolevulinic acid, the key
precursor of porphyrins, is biosynthesized from
glycine and succinyl-CoA in higher eukaryotes.
This amino acid is also acts as a building block to
numerous natural products. On the other hand,
gly supplementation found to have organ specific
roles in animals (15, 16). The organ specific role
of dietary gly is also found to be functionally
related with age or different life stages of the
animals. Kanafi et al. (17) summarized that
additional dietary supplementation of vitamins and
other biological nutrients influence the growth of
the silk worms. They found that the dietary
supplementations of the above nutrients cause
better cocoon production in the silk worms as a
function of weather, larval condition, variety of
worms etc. Therefore, it was hypothesized that
dietary L-glycine may have specific role on the
silk gland growth and cocoon production in B.
mori. To answer this hypothesis, this study was
intended to find out the role of dietary alpha gly
supplementation on pupa and cocoon production
of the Nistari variety of the silk moth Bombyx
mori. Additionally, the effect was also checked
with larvae and silk gland growth of the worm.

Materials and Methods

Chemicals and feeds: Fresh mulberry leaves
were supplied by Department of Sericulture,
Sikharchandi Mulberry Centre, Bhubaneswar,
India. Double distilled (DW) water was used for
all treatment purposes. Nistari variety of B. mori

seeds were collected from Eri Seed Station,
Khurda of Odisha, India. L- gly was procured
from Sigma chemicals, USA.

Experimental protocol: The eggs were
maintained in the laboratory condition and allowed
to hatch on sterilized plastic trays. The larvae
were then transferred carefully with fine brush
onto the tender mulberry leaves kept on sterilized
bamboo baskets which were covered with
mosquito net (1 mm pore size). Larvae were
supplied with tender leaves twice a day. No
treatment was imposed up to IVth instar. The
larvae from the above stock were divided into
nine groups with 25 healthy, equal weighed (0.2
± 0.02 g) larvae in each. The treatment schedule
is given in Table 1.

In each basket, three equal weighed
fresh mulberry leaves (~12.5 g) were smeared
with 2.5 ml of 2% or 3% gly solution (dissolved in
DW) in both dorsal and ventral surfaces of the
leaves and dried under shade to remove moister
and then fed to the larvae.  In control groups, 2.5

Table 1. Treatment schedule for the experiment. Group
name symbol- percent (0, 1, 2) of gly (G) once
(1) or twice (2) treatment from the 1st (I) or 2nd

(II) day of Vth instar.

SN Group Glycine No. of Starting day
name (%)  feeding/day of treatment

1 0G1I 0 once 1st

2 0G2I 0 twice 1st

3 0G2II 0 twice 2nd

4 2G1I 2 once 1st

5 2G2I 2 twice 1st

6 2G1II 2 once 2nd

7 2G2II 2 twice 2nd

8 3G1I 3 once 1st

9 3G2I 3 twice 1st

10 3G1II 3 once 2nd

11 3G2II 3 twice 2nd
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ml of only distilled water was smeared on the
leaves. For once a day treatment group, first feed
in morning was preferred and in twice a day
treatment group two consecutive feeds were
preferred only to ensure that the whole treated
leaves are consumed by the worms. Rest of the
feedings was given with untreated leaves (each
of 9.5 ± 0.50 g) leaves each time. All groups were
fed four times per day up to spinning started by
the worms. Before spinning 10 larvae were
sacrificed and their silk glands were excised and
weighted. Out of the rest larvae, another 10 larvae
were used to measure mature larval weight,
cocoon weight (after 72 hr of cocoon formation)
and shell weight (after the insect emerged out).
Weighing was performed with the help of an
electronic balance (Afcoset, India, model - ER-
200 A) with 0.1 mg resolution.

Statistical analysis: All results were expressed
as mean ± SD of 10 samples. Statistical
significance was evaluated within the groups by

two way ANOVA analysis followed by Duncan’s
new multiple range test. Mean values between
two groups were considered as significance at P
= 0.05 levels.

Results
The present study clearly indicated that

gly supplementation with the diets has a
remarkable effect on the metabolism of silk worm
B. mori. Both 2% and 3% gly supplementation
was found to enhance the growth of the worm
having highest in 3% gly once treated group and
was lowest in 2% gly once a day group. It was
further noticed that growth of the worms
increases from gly treatment in the order of C <
2% once a day < 2% twice a day < 3% once a
day < 3% twice a day group irrespective of the
treatment started from 1st day or 2nd day of Vth

instar (Table 2).

Growth of the silk gland has also been
found to be influenced by dietary gly

 Table 2. Effect of gly on the larval, silk gland and pupal growth and cocoon production of the
               silk worm Bombyx mori.

Group Mature larval Mature silk Cocoon wt. (g) Shell wt. (g) Shell ratio
wt. (g) gland wt. (g)

0G1I 1.68 ± 0.26 0.18 ± 0.03 0.49 ± 0.09 0.09 ± 0.03 0.19 ± 0.06

0G2I 1.7 ± 0.26 0.17 ± 0.02 0.48 ± 0.04 0.09 ± 0.01 0.19 ± 0.03

0G2II 1.62 ± 0.15 0.16 ± 0.02 0.46 ± 0.02 0.09 ± 0.01 0.20 ± 0.03

2G1I 1.99 ± 0.16 0.18 ± 0.01 0.71 ± 0.07 0.14 ± 0.01 0.20 ± 0.02

2G2I 2.08 ± 0.23 0.33 ± 0.02 0.42 ± 0.12 0.15 ± 0.12 0.21 ± 0.04

2G1II 1.97 ± 0.30 0.25 ± 0.07 0.66 ± 0.06 0.15 ± 0.02 0.22 ± 0.03
  2G2II 2.01 ± 0.23 0.35 ± 0.02 0.35 ± 0.02 0.51 ± 0.07 0.29 ± 0.03

3G1I 2.09 ± 0.21 0.29 ± 0.02 0.63 ± 0.04 0.16 ± 0.02 0.25 ± 0.02

3G2I 2.41 ± 0.02 0.33 ± 0.02 0.63 ± 0.03 0.17 ± 0.01 0.26 ± 0.03

3G1II 2.21 ± 0.19 0.29 ± 0.02 0.66 ± 0.06 0.17 ± 0.01 0.25 ± 0.03

3G2II 2.407 ± 0.15 0.30 ± 0.02 0.62 ± 0.05 0.19 ± 0.03 0.31 ± 0.03

 Effect of glycine on growth of Bombyx mori
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supplementation in the worms in all treated groups
with respect to controls except 2% gly treatment
from the 1st day group. Maximum silk gland weight
was observed in 2% gly twice a day treatment
from the 2nd day of 5th instar group in comparison
to other groups. The order of increased silk gland
growth was 0G1I = 0G2I = 0G2II = 2G1I < 2G1II
< 3G1I = 3G1I < 3G2II < 3G2I < 2G2I < 2G2II.

Like growth parameters, cocoon weight
was also increased in almost all treated groups
except 2G2I group in which it decreased from
the control group. The order of the cocoon weight
remained as 2G2I < 0G1I = 0G2I = 0G2II < 2G2II
< 3G2II ~3G2I ~ 3G1I < 2G1II ~ 3G1II < 2G1I.

The shell weight have shown a different
pattern than the above three parameters. 3% gly
was found to have magnificent role on increased
shell production than 2% gly treatment. However,
2% gly had enhanced cocoon weight in
comparison to control group. The order of shell
weight was 0G1I = 0G2I = 0G2II < 2G1I < 2G1II
< 2G2I ~ 2G2II < 3G1I < 3G2I < 3G1II < 3G 2II
(Table 2).

The statistical differences between the
groups are given in Table 3.

Discussion
Diet management in silk worms can

improve their trait which has application not only
in sericulture but also in nutritional and medicinal
values for human beings (12, 17). One of the
important fields in this context is supplementation
of amino acids via the mulberry leaves to the silk
worm larvae. Results of the present study indicate
that supplementation of L- gly via the smeared
mulberry leaves improves the growth of the larvae,
silk gland as well as cocoon of Nistari variety of
Bombyx mori. Our results are in good agreement
with Babu et al. (2) who observed enhanced
growth and spinning in the Mysore and NB

4
D

2

variety of Bombyx mori with 3% gly
supplementation.

The present results indicate that 3% gly
treatment once or twice a day from the 1st day of
Vth instar larvae has the highest effect on the
augmentation of growth rate than 2% treatments.
It indicates the growth enhancing effects of more
supplementation of gly in the larvae which is in
good agreement with Babu et al. (2). Therefore,
2% gly treatment irrespective of the starting day
of treatment with the leaves was not sufficient to
enhance the growth of the larvae. But the matured
gland weight does not corresponded with the

Table 3. Statistical significance between the groups. Only one control group was taken into account as the
mean values of all three controls groups were almost same. PR-parameters, LW- larval weight, GW- gland
weight, CW-cocoon weight, SW-shell weight and SR- shell ratio. A-2 % Gly once from 1st day, B-2 % Gly twice
from 1st day, C-2 % Gly once from 2nd day, D-2 % Gly twice  from 2nd day, E-3 % Gly once from 1st day, F-3 % Gly
twice from 1st day, G-3 % Gly once from 2nd day, H-3 % Gly twice  from 2nd day and I-Control. Two letters in the
1st row (expect PR) indicate the group names between which the P values of the parameters were given below
the group names. P is taken as statistically significant = 0.05.  P< 0.05 (e), P=0.05 (a), P=0.01 (b), P=0.001 (c),
P=0.0001 (d).

PR AB AC AD AE AF AG AH AI BC BD BE BF BG BH BI CD CE CF CG CH CI DE DF DG DH DI EF EG EH EI FG FH FI GH GI HI

LW e e e e c a c b e e e b e b b e e d a c b e c e c b b e b c a e d e d d

GW d c d d d d d e d e b e b c d d a d a e d d e d d d b e a d b d d a d d

CW e e d a a e a d e d a a e a d d e e e e d c c d c e e e e d e e d e d d

SW e e e a b b d c e e e a e d d e e a e d d e a e d d e e c d e b d b d d

SR e e d c d b d e e d a b a d e d a b e d e a e a e d e e c c e b c c c d
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growth of the larvae. 2% gly twice a day treatment
started from the 2nd day of Vth instar larvae has
found to have maximum silk gland growth. On
the other hand, high growth of the larvae was
found to have higher cocoon weight as found in
case of 2% gly once a day treatment from the 1st

day treatment of the Vth instar larvae. However,
the higher silk gland growth with 2% gly twice a
day has found to have maximum shell weight.
Therefore, it contributes to the low pupa growth.
In contrast, maximum pupa growth was observed
with minimal larvae and gland growth with 2%
gly once a day treatment of the 1st day of Vth

instars larvae. But in such case maximum cocoon
weight was noticed. Therefore, it is clear that
silk gland and larval growth has not positive
relation with pupa weight and shell weight. It is
here to mention that both the pupa and shell on
the raw products of the sericulture have different
applications. Therefore, the exact biochemical or
physiological role for the L-gly supplementation
with different concentrations from the day 1 or 2
of the Vth instar of B. mori larvae is a matter of
future investigation.

Conclusion
It can be concluded form the present

study that the maximum silk gland protein or
cocoon or shell production with 2% gly smeared
mulberry leaves with twice a day supplementation
from the 2nd day or 2% gly once a day or 2% gly
twice a day from the 2nd day of the Vth instar,
respectively, are required. The above
phenomenon clearly indicates that gly have
specific effect on the growth of the larvae, gland,
pupa and cocoon production in the Nistari variety
of the silk worm B. Mori.
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Abstract
Coscinium fenestratum Gaertn.

(Menispermaceae),  commonly known as ‘tree
turmeric’, is an endangered plant species used in
Traditional Systems of Medicine in Asia to treat
diabetes, hypercholesterolemia, tetany etc. Market
survey in India indicates Berberis aristata, B.
asiatica, B. lycium of family Berberidaceae and
Morinda umbellata (Rubiaceae) are traded as
substitutes or adulterants of C. fenestratum. To
strengthen the pharmacognosy parameters,
molecular identification of C. fenestratum was
performed based on the nuclear DNA ITS
(internal transcribed spacer) sequence.
Subsequently, a species-specific DNA marker
was developed for easy identification of C.
fenestratum. The marker developed can be used
as a molecular pharmacognosy tool in quality
control of herbal raw drugs.

Key words: Coscinium fenestratum, ITS
sequence, Adulterants, DNA marker,
Pharmacognosy, Quality Control

Introduction
Coscinium fenestratum (Gaertn.) is a seed

propagated dioecious, large, woody climber with
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cylindrical stem. It is commonly called as ‘Tree
Turmeric’ and belongs to the family
Menispermaceae. This plant is indigenous to the
Indo-Malayan region. In India, it is restricted to
Western Ghats at 500 – 750 m altitude (1).  IUCN
Red list of threatened plants indicates that C.
fenestratum as endangered in India, vulnerable
in Vietnam, rare in Singapore and intermediate in
Sri Lanka (2).

For centuries the stems of Coscinium
fenestratum is used in the Traditional System of
Medicine in Asia. It is called as ‘Kaliyaka’ in
Ayurveda and is used for treating diabetes (3), in
Sri Lanka as an anti-dote for tetanus (4, 5). C.
fenestratum  is called ‘Hamm’ in Thai language,
the stem is very popularly used for balancing blood
pressure, being a detoxifying and anti-diabetic
agent and for treatment of hypercholesterolemia
(6).

Pharmacological studies have shown that
C. fenestratum has anti-fungal, anti-yeast, anti-
bacterial, hypotensive and antiproliferative
activities (1). The major components in wood and
root of C. fenestratum are isoquinoline alkaloids
such as berberine, palmatine, tetrahydropalmatine,
crebanine and jatrorhizine, while berberine is found
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to be the major and active constituent. It has been
shown to bind to DNA and inhibit its cleavage
(7). Antibacterial, antileishmanial, antiplatelet, anti-
diarrhoeal, anti-protozoan, cardioprotective, anti-
cancer, anti-inflammatory, anti-hepatotoxic,
immunostimulatory and anti HIV properties have
been reported with berberine (7).

In India, market survey indicates that
Berberis  aristata DC,  B. asiatica Roxb., B.
lycium Royle,  and Morinda umbellata L. are
traded as adulterants or substitutes of C.
fenestratum (1, 8).  The annual trade combining
all the five species is estimated to be 500 – 1000
MT (8). Morphologically intact C. fenestratum
stems can be distinguished from the other ‘Tree
Turmeric’ candidates using the radical array in
the transverse section (3). However, when traded
as chips or in powder form it is not distinguishable.

Biotechnology-driven applications play an
important role in modern pharmacognosy analysis
for herbal drug development and discovery.
Current focus on chemotype-driven fingerprinting
and related techniques requires integration with
genotype-driven molecular techniques so that an
optimal characterization of botanical materials is
possible (9). Chinese researchers have applied
DNA markers extensively for characterization of
botanicals from the Chinese materia medica.
These markers have shown remarkable utility in
quality control of commercially important
botanicals like Ginseng, Echinacea, Atractylodes
etc (10).

DNA markers to distinguish some of the
authentic and the adulterant medicinal plants used
in Indian System of medicine have also been
reported from our lab (11 – 13). ITS (Internal
Transcribed Spacer) sequences have been shown
to be a valuable source of evidence to resolve
phylogenetic relationships in many angiosperm
groups (14). ITS1 separates 18S and 5.8S, while
ITS2 separates 5.8S and 26S rRNA genes.

Because of their different rates of evolution, ITS
regions have become the favored markers in
evolutionary studies at different taxonomic levels
(15). In recent times, these sequence variations
are used to develop species-specific markers for
identification and authentication of raw drugs and
herbal formulations (16 – 18).

The objective of the present study was to
identify C. fenestratum at molecular level and to
develop a species-specific marker based on ITS
region to distinguish from its adulterants.

Materials and Methods
Plant material: Field and market samples of
Berberis aristata, Berberis asiatica, Berberis
lycium, Coscinium fenestratum and Morinda
umbellata, were collected from different
geographical locations of India. The authenticity
of the samples was confirmed by Dr. K.
Ravikumar, botanist at FRLHT, Bangalore. Each
sample was assigned with a specific laboratory
identification number as indicated in Table 1.
Voucher specimens were deposited in the
Herbarium and Raw Drug Repository (FRLH),
Bangalore, India.

Chemicals: Tris-HCl, EDTA, NaCl, CTAB
(Cethyltrimethylammonium bromide), LiCl, PVP
(Polyvinyl pyrrolidone),   Beta mercaptoethanol,
isopropanol, agarose, boric acid and ethanol were
purchased from Sigma Chemicals (USA).
Enzymes (Taq Polymerase and RNase A), buffer,
MgCl

2
 and dNTP’s for PCR amplification were

purchased from Bangalore Genei (Bangalore,
India).

Genomic DNA Extraction: Dried stem samples
of C.  fenestratum, B. aristata, B. asiatica, B.
lycium and M. umbellata were surface sterilized
and cut in small pieces. The pieces were ground
into coarse powder in a domestic blender. The
protocol described by Milligan (19) was used for
DNA extraction with modifications.
Approximately, 100 mg of the coarse powder was
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ground with liquid nitrogen to fine powder.
Extraction buffer containing CTAB 2% (w/v),
NaCl 1.4 M, EDTA 20mM, Tris-HCl (pH 8)
100mM, PVP 1% (w/v) and  beta
mercaptoethanol 0.2% (v/v) (pH 7.5 to 8.0) was
added to the powder. The slurry was incubated
at 60°C in a water bath for 60 – 90 min followed
by extraction using chloroform: isoamyl alcohol
(24:1) (v/v) and centrifugated at 9000 rpm for 10
min at 4°C. The chloroform: isomyl alcohol
extraction was repeated twice with the aqueous
phase. Finally, the aqueous phase was separated
and DNA was precipitated with ice cold ethanol.
Nucleic acid was recovered by centrifugation at
8,000 rpm for 15 min at 4°C and the pellet was
dissolved in TE buffer (Tris-HCl 10 mM, EDTA
1mM; pH 8). The contaminating RNA was
removed by treating with RNase A (20 µg/µL)
for 30 min at 37°C. The quantity and purity of
DNA was checked using UV spectrophotometer
by calculating the A

260
/A

280
 ratio (20) (Shimadzu,

Tokyo, Japan). The DNA stock was maintained
at a concentration of 30 – 50 ng / µL.

Amplification of C. fenestratum ITS region:
ITS1 and ITS2 regions of C. fenestratum were
amplified using the universal primers (21). Details
of the primers and the region amplified are given
in Table 2.  PCR reaction contained approximately
60 ng genomic DNA,   2.5 µL 10X Taq buffer,
1.5 mM MgCl

2
, 0.4 mM dNTP mixture, 30 pM of

each primer, 1U Taq DNA polymerase and made
up to 25 µL with sterile distilled water.
Amplification reaction was optimized at 95°C for
3 min followed by 35 cycles of 95°C for 35sec,
60°C for 30 sec, 72°C for 45sec with a final
extension step at 72°C for 3min. PCR products
were resolved in 1.2% agarose, 0.5X TBE gels
prestained with ethidium bromide (0.5 µg/ml).
Simultaneously, 100 bp DNA ladder or Lambda
DNA EcoRI/HindIII double digest  (Fermentas,
Burlington, Canada) was loaded to confirm the
size of the amplicon. The gel was visualized under

UV radiation on a transilluminator (Reprostar,
CAMAG, Muttenz, Switzerland) and digital
photographed (Canon, Tokyo, Japan). Each
experiment was repeated at least three times with
all available accessions of each species to confirm
its reproducibility and repeatability.

Direct sequencing of C. fenestratum ITS1 and
ITS2 region: PCR product of C. fenestratum
ITS1 and ITS2 amplification was purified from
agarose gel using QIAquick gel extraction kit
(Qiagen, Hilden, Germany) following
manufacturer’s instruction. Sequencing was
performed in an automated ABI 3100 Genetic
Analyser (Applied Biosystems, CF, USA) by
Bangalore Genei (Bangalore, India). Forward and
reverse sequencing were done individually with
primers ITS1and ITS2 respectively. Sequence
results were submitted to GenBank, National
Centre for Biotechnology Information (NCBI),
Bethesda MD, USA

Homology analysis: Sequence of ITS1 and ITS2
region for B. aristata, B. asiatica, B. lycium and
M. umbellata was adopted from NCBI
nucleotide sequence database, GenBank (http://
www.ncbi.nlm.nih.gov/nucleotide/). The details of
the accession numbers used in this study are given
in the Table 3. Homology analysis was performed
by employing CLUSTALW (www.ebi.
ac.uk.clustalw/). The homology percentage in the
ITS regions of C. fenestratum with its substitute
species was calculated.

Development of species-specific marker for
C. fenestratum: Variation in the ITS1 and ITS2
sequences of C. fenestratum, B. aristata, B.
asiatica, B. lycium, and M. umbellata was used
for developing species-specific marker for C.
fenestratum. DNA primers capable of giving
specific amplification with C. fenestratum ITS1
region was developed using NCBI primer blast
tool (http://www.ncbi.nlm.nih.gov/tools/primer-
blast/). The oligonucleotides were custom-

Molecular Marker to distinguish Coscinium fenestratum
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synthesized by Bioserve biotechnologies
(Hyderabad, India).  PCR reaction with the
species specific primer set (CF1F and CF1R)
contained 30 ng of genomic DNA, 2.5 µl of 10x
assay buffer, 1.5 mM MgCl

2
,
 
0.3mM dNTP mix,

30pM of each primer, 1U of Taq DNA
polymerase (Bangalore Genei, India) and the
volume was made up to 25 µl with sterile distilled
water. PCR programme conditions optimized for
the species-specific primer set was as follows:
94°C for 4 min, followed by 35 cycles of 30 sec
at 94°C, 30 sec at 60°C and 40 sec at 72°C with
a final extension step for 2 min at 72°C.

Results

DNA extraction and Quality checking: The
protocol described in the Materials and Methods
yielded a good quality and quantity of high
molecular weight genomic DNA from dried stem
samples of the test species studied. The yield was
about 400-600 ng of DNA per 100 mg of tissue.
An absorbance (A

260
/A

280
) ratio of 1.6-1.8

indicated insignificant levels of contaminating
proteins and polysaccharides.

Amplification and Sequencing of C.
fenestratum ITS1 and ITS2 region: Primers
ITS1 and ITS2 amplified a 245 bp (Figure 1)
sequence of the ITS1 region while a 386 bp ITS2
region (Figure 2) was amplified with the primers
ITS3 and ITS4 for the C. fenestratum samples
(Table 2). Homology searches were performed
within GenBank’s non-redundant database using
the BLAST (Basic Local Alignment Search Tool)
algorithm at http://www.ncbi.nlm.nih.gov/
BLAST/ of the National Center for Biotechnology
Information (NCBI), with the program BLASTN.
BLAST results revealed that the sequence did
not show complete similarity with any known
nucleotide sequences. The sequences were
submitted to GenBank (Accession numbers:
GQ496588 for ITS1 and GQ496589 for ITS2)
(Figure 3).

Fig.  1. PCR amplification of the C. fenestratum ITS1
sequence (245 bp)  Lane M- 100 bp ladder; Lanes 1 to
5- different C. fenestratum accessions used in this
study

Fig.  2. PCR amplification of C. fenestratum ITS2 se-
quence (386 bp) Lane 1 – 100 bp ladder; Lane 2 – C.
fenestratum L/06/09/031; Lane 3 – C. fenestratum L/
07/02/033; Lane 4 – C. fenestratum L/07/08/010; Lane
5 – Lambda DNA EcoRI/HindIII double digest

Sequence analysis : Homology analysis of the
C. fenestratum ITS1 and ITS2 regions was
performed with the corresponding regions of the
substitute plant species B. aristata, B. asiatica,
B. lycium and M. umbellata. Details of the ITS
sequence employed for each adulterant species

Balasubramani and Venkatasubramanian
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and their homology percentage with the respective
ITS region of C. fenestratum is given in the Table
3. Variations in the ITS sequences was observed
among the different species studied.

Development and Validation of Species-
specific marker for C. fenestratum: NCBI
primer blast tool was used to develop and validate
the species-specific markers for C. fenestratum.
On in silico analysis, a primer set (CF1F and
CF1R) indicated a high specificity for
amplification of 196 bp only from the ITS1
sequence of C. fenestratum (Table 4).  The
synthesized oligos were incorporated in a PCR

reaction individually with the genomic DNA of
C. fenestratum and its adulterant species.
Electrophoretic separation of the amplicon
indicated 196 bp product only with the C.
fenestratum samples and it did not give any non-
specific amplification with the other test species
under study (Figure 4).

Discussion
Herbal medicinal products may vary in

composition and properties, unlike conventional
pharmaceutical products prepared from synthetic,
chemically pure materials by means of

Fig.  3. a) GQ496588. Coscinium fenestratum internal transcribed spacer 1, complete sequence; and 5.8S
ribosomal RNA gene, partial sequence b) GQ496589.Coscinium fenestratum 5.8S ribosomal RNA gene, par-
tial sequence; and internal transcribed spacer 2, complete sequence

Fig. 4.  PCR amplification with CF1F and CF1R using the genomic DNA of C. fenestratum and its adulterant species  Lane
M – 100 bp ladder; 1 to 5 – C. fenestratum accessions; Lane 6 to 8 – B. aristata; Lane 9 to 11 – B. asiatica; Lane 12 to 14
– B. lycium; Lane 15 to 17 – M. umbellata

Molecular Marker to distinguish Coscinium fenestratum
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S No. Name of the species Place of collection Accession No.

1 C. fenestratum Bangalore market, KA L/06/09/031
2 Kanyakumari, TN L/06/12/015
3 Pune, MH L/07/02/033
4 Bangalore market, KA L/07/04/015
5 Nadavayal forest, Wayanad, KL L/07/08/010

6 B. aristata Potter’s hill, Shimla, HP L/08/09/012
7 Shillaru, Shimla, HP L/08/10/008
8 Potter’s Hills, Shimla, HP L/08/10/011

9 B.asiatica Mulshi, Mussoorie, HP L/07/12/001
10 Saharan-Nahar Road, HP L/08/09/013
11 Saharan-Nahar road, HP L/08/09/016
12 B.lycium Karol, Manikaran, HP L/06/06/037
13 Shillaru, Kangra, HP L/08/10/009
14 Chail, Solan, HP L/08/10/010

15 M. umbellata Kannimarsholai, Tiruchi, TN L/07/04/001
16 Sirumalai hills, Dindigul, TN L/07/07/053
17 Mavanatham, Erode, TN L/09/03/009

Primer details
Region Direction   Name of     Primer sequence (5’     3’) Size of the GenBank

the primer amplicon accession No.

ITS1 Forward ITS 1 TCCGTAGGTGAACCTGCGG 245 bp GQ496588
Reverse ITS 2 GCTGCGTTCTTCATCGATGC

ITS2 Forward ITS 3 GCATCGATGAAGAACGCAGC 386  bp GQ496589
Reverse ITS 4 TCCTCCGCTTATTGATATGC

Table 3. The homology score in the ITS regions of C.  fenestratum with its adulterant species

Adulterant Species   GenBank            Homology %
accession no. ITS1 ITS2

B. aristata GQ259132 43.87 37.03
B. asiatica GQ259133 52.55 34.44
B. lycium GQ259134 51.53 35.18
M. umbellata AY514063 52.04 56.66

Balasubramani and Venkatasubramanian

Table 1. Details of the plant samples used in the study.

Table 2. Details of the primers used for amplifying the ITS1 and ITS2 regions of C. fenestratum



1169Current Trends in Biotechnology and Pharmacy
Vol. 5 (2) 1163-1172  April 2011. ISSN 0973-8916 (Print), 2230-7303 (Online)

reproducible manufacturing techniques and
procedures. Correct identification and quality
assurance of the starting material is an essential
prerequisite to ensure reproducible quality of
herbal medicine, which contributes to its safety
and efficacy. According to WHO general
guidelines for methodologies on research and
evaluation of traditional medicines, first step in
assuring quality, safety and efficacy of traditional
medicines is correct identification (22).

Most of the cases of accidental herbal
medicine misuse start with wrong identification
of a medicinal plant prescribed (23). Many of the
traditional systems have records where one
common vernacular name is applied to two or
more entirely different species or genus. For eg.,
Ginseng has almost become a generic name with
13 different species traded in the world market
(23). For example Chinese or Asiatic ginseng
(Panax ginseng), American ginseng (Panax
quinquefolius), Siberian ginseng
(Eleutherococcus senticosus), Ayurvedic
ginseng (Withania somnifera) and Russian
ginseng (Acanthopanax senticosus), to name a
few. Such names could create confusion over
prescription, which may eventually lead to serious
consequences.

WHO has developed several guidelines for
carrying out standardization procedures of raw
herbal products, which basically include
pharmacognostical, physico-chemical,
pharmacological and toxicological methods (22).

Microscopic and macroscopic standards could be
drawn out, where a plant can be differentiated
from another entirely different plant which may
look similar in external appearance. Currently,
genetic fingerprinting and the use of analytical
quality-control equipments like HPLC and
HPTLC are performed on a large scale for
standardization and identification of herbal drugs.
Each technique has its limitations (14). DNA level
identification is gaining popularity as an effective,
reliable and simple pharmacognostic tool to resolve
the confusion in taxonomic identification of herbal
raw drugs. Because genetic composition is unique
for each species irrespective of the physical form
and is less affected by age, physiological condition,
environmental factors, harvest, storage and
processing. DNA extracted from leaves, stems
or roots of an herb all carry the same genetic
information and extracted DNA can be stored
for longer duration as they are stable (10).

Panax (ginseng) is a representative genus
of medicinal herbs which was subjected to several
methods of DNA analysis by Chinese including
PCR-RFLP, AFLP, RAPD, SSR, sequencing of
rDNA-ITS region and DNA barcoding (10, 24).
Universal PCR primers designed from highly
conserved regions flanking the ITS region,
relatively small size (600–700 bp) of the ITS
region and high copy number (>100 per cell)
enable easy amplification of the ITS region (10,
14). ITS sequence has reduced variability within
the species (25). These advantages have made
ITS region and ribosomal RNA gene sequence

Plant species Name of the  Sequence of the DNA marker (5 - 3 )          Product
marker size

C. fenestratum CF1F AGCCTGCACAGCAGAGAGAC 196 bp
CF1R CGTTGCCGAGAGTCGTTC

Molecular Marker to distinguish Coscinium fenestratum

Table 4. Details of the C. fenestratum species-specific markers designed using the ITS1
             sequence.
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as preferred choice for molecular typing. RFLP
fingerprints based on 18S rRNA and ITS
sequence to distinguish C. fenestratum from its
adulterants Arcangelisia flava and Fibruarea
tinctoria in the Thai herbal market (26).

DNA information may not be directly
correlated with the amounts of the active
ingredients. However, genetic data has its own
advantages over other methods of authentication.
Molecular markers are least affected by age,
environmental factors and physiological conditions
of the plant samples they are not tissue specific
and thus can be detected at any stage of
development, with a small amount of sample, in
any physical form (14). DNA based methods have
been successfully used to even authenticate
herbal constituents in commercial herbal
preparations in which the components have been
ground, boiled,  concentrated, dried and blended
(10). DNA markers can increase industrial
application of the molecular techniques (27).

The DNA markers described in this study
will be useful in quality control of herbal raw drugs
and also in selecting genuine C. fenestratum for
research. However, DNA markers together with
the chemical fingerprint would improve quality of
herbal medicines.
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Abstract
Transdermal patches were developed for

a low oral bioavailable drug, lacidipine (LCDP)
employing ethyl cellulose/Eudragit RL100 and
polyvinyl pyrollidone (PVP) as polymeric
matrices. The effect of binary mixtures of
polymers on physicochemical properties such as
thickness, moisture absorption and moisture
content; in vitro release, ex vivo permeation and
mechanical properties was evaluated. Ex vivo
permeation studies across rat abdominal skin were
conducted using Franz diffusion cells. Binary
mixture of polymer, ethyl cellulose-PVP and
Eudragit RL100-PVP at 2.5:7.5 (LE4) and 5:5
(LP3) showed maximum amount of drug release
and ex vivo permeation (LE4, 2282.3 µg; LP3,
2765.7 µg). Different kinetic models used to
interpret the release kinetics and mechanism
indicated that release from all formulations
followed zero order release kinetics with fickian
diffusion pattern. The flux of LE4 and LP3
formulations showed a flux of 17 and 21.1 µg cm-

2 h-1, which could meet the target flux. The tensile
strength of LE4 and LP3 were found to be 0.6
and 1.1 Kg mm-2. Matrix type transdermal patches
having suitable mechanical properties for LCDP
were developed and evaluated.

Keywords: Lacidipine, Transdermal, Drug
release, Skin permeation, Matrix patches,
Mechanical properties
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Introduction
The transdermal route of administration is

recognized as one of the potential route for the
local and systemic delivery of drugs. This route
offers many advantages over the oral dosage
form, such as improving patient compliance in
long-term therapy, bypassing first-pass
metabolism, sustaining drug delivery, maintaining
a constant and prolonged drug level in plasma,
minimizing inter- and intra-patient variability, and
making it possible to interrupt or terminate
treatment when necessary (1). However, the
highly organized structure of stratum corneum
forms an effective barrier to the permeation of
drugs, which must be modified if poorly
penetrating drugs are to be administered. The use
of chemical penetration enhancers would
significantly increase the number of drug
molecules suitable for transdermal delivery (2).

LCDP is a calcium channel blocker used in
the treatment of hypertension and atherosclerosis
cardiovascular disorders. It also possess
antioxidant effect and is one of the most vascular
selective drugs of the dihydropyridines (3, 4).
LCDP undergoes extensive first-pass hepatic
metabolism and has a mean absolute bioavailability
of about 10 % (4–52 %). LCDP is completely
metabolized in the liver by cytochrome P450 3A4
to pharmacologically inactive metabolites (4). The
low oral bioavailability restricts its use, therefore
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alternative mode of delivery system is desirable,
to deliver the drug at effective concentrations to
treat hypertension. LCDP was selected as a
model drug because; its oral dose is low (2-8 mg),
low molecular mass 455.5 g mol-1 and low oral
bioavailability.

The system designs for transdermal patches
include matrix, microreservoir, reservoir, adhesive
and membrane moderated matrix hybrid. Matrix
type transdermal patches remain the most popular
as they are easy to manufacture (5).
Microemulsion based reservoir system was
developed with the enhancement of bioavailability
from our laboratory (6). The developed system
suffers from poor mechanical properties.
Transdermal system with suitable mechanical
properties would be desired to withstand during
wear and tear. Therefore a matrix type system
for prolonged release of LCDP having suitable
mechanical properties to withstand wear and tear
is developed.

The present paper describes the
development of matrix type patches for LCDP.
The developed patches were also evaluated for
physicochemical, in vitro, ex vivo and mechanical
properties.

Materials and Methods

Materials: Lacidipine, Eudragit RL100, ethyl
cellulose and poly vinyl pyorrolidone 30 K were
obtained as gift samples from Dr Reddy’s
Laboratories, Hyderabad, India. All other
chemicals and solvents used were of analytical
reagent grade.

Preparation of patches: Matrix type transdermal
patches containing LCDP were prepared by film
casting technique using different ratios of ethyl
cellulose/Eudragit RL 100 and poly vinyl
pyrrolidone (Table 1). Weighed quantity of
polymers was dissolved in 20 mL of solvent
mixture consisting of 1:1 ratio of dichloromethane

and methanol. Weighed quantity of LCDP was
dissolved in 5 mL of solvent system. The
polymeric solution is kept for swelling for 6 hr.
Then drug solution, d-limonene as permeation
enhancer and dibutyl pthalate as plasticizer are
added to the polymeric solution and vortexed for
5 min then transferred into Anumbra petri plate.
Drying of these patches is carried out at room
temperature for overnight and then in vacuum
oven at room temperature for 8 to 12 hrs. The
prepared patches were removed, cut to size each
having 3.56 cm2 and stored in desiccator.

Weight and thickness variation test: Each
formulated film was prepared in triplicate and ten
circular films having an area of 3.56 cm2 were
cut from each plate. Their weight was measured
using digital balance (Shimadzu, Japan). The
thickness of films was measured using digital
screw gauge (Digimatic micrometer, Mitutoyo,
Japan).

Estimation of LCDP in polymeric films: The
formulated polymeric films were assayed for drug
content. Three patches from each formulation
series were taken, cut into small pieces and was
allowed to dissolve in a 100 mL of 0.5% of w/v
Tween 80 solution. The solution was diluted
suitably filtered through membrane filter (0.45 µ)
and LCDP content was measured using HPLC
(7).

In vitro release studies: Drug release from the
transdermal patch was studied using dissolution
apparatus (Disso 2000, Labindia, India) equipped
with an auto sampler and fraction collector for
collection and replenishment of samples and
dissolution medium respectively. Water
impermeable back up membrane was placed on
one side of the patch and further was adhered to
USP-V (Paddle over disc). It was placed in
dissolution vessel containing 500 mL of 0.5 % w/
v Tween 80 solution as in vitro release medium.
The study was conducted at 50 rpm as stirring
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speed and temperature of 32o C. Samples were
collected at preset time intervals and analyzed
using UV-Vis spectrophotometer (Elico, India) at
282 nm.

Release kinetics and mechanisms of drug
release: Different kinetic models, zero order, first
order (8), Higuchi and Korsmeyer expressions
(8, 9) were applied to interpret the drug release
kinetics to know the mechanism of drug release
from these matrix systems with the help of
equations 1-4.
M

t
=M

0
+K

0
t—————————(1)

LnM
t
=LnM

0
+K

1
t—————(2)

M
t
=KHt1/2——————————(3)

M
t
/M  =K

k
tn————————(4)

M
t
  cumulative amount of drug release at time t;

M
0
, is the initial amount of drug K

0
,K

1
,K

H
 and

K
K
 are rate constants for zero order, first order,

Higuchi and Korsemeyer model respectively; M
t
/

M  is the fraction of drug release at time t  n,
release exponent indicative of the operating
release mechanism. The correlation coefficient
values (r2) presented in table 2

Moisture absorption studies: The films were
weighed accurately and placed in a dessicator
containing 100 mL of saturated solution of
aluminium chloride (79.5 % RH). After 3 days,
the films were taken out and weighed, the
percentage of moisture uptake was calculated as
the difference between final and initial weight with
respect to initial weight (10).

Moisture content: The patches were weighed
and kept in a desiccator containing calcium chloride
at 40o C for 24 hr. The final weight was noted
when there was no further change in the weight
of patch. The percentage of moisture content was
calculated as a difference between initial and final
weight with respect to initial weight (11).

Measurement of mechanical properties:
Mechanical properties, elongation at break (E.B)
and tensile strength (T.S) of the films were
evaluated using a microprocessor based advanced
force gauze equipped with a motorized test stand
(Ultra Test, Mecmesin, West Sussex, UK),
equipped with 25 kg load cell. Film strip (60x10

Table 1. Composition of LCDP transdermal patches

Formulation                       Ingredient (mg)

LCDP EC20 ERL100 PVP

LE1 (10:0) 90  - 2500 -

LE2 (7.5:2.5) 90  - 1875 625

LE3 (5.0:5.0) 90  - 1250 1250

LE4 (2.5:7.5) 90  - 625 1875

LP1 (10:0) 90 2500  - -

LP2 (7.5:2.5) 90 1875  - 625

LP3 (5.0:5.0) 90 1250  - 1250

LP4 (2.5:7.5) 90 625  - 1875

Development of matrix type transdermal patches of lacidipine

8

8

LCDP, Lacidipine; EC20, Ethyl cellulose 20, ERL 100, Eudrgait RL 100; PVP, Polyvinyl pyrrolidone
Solvent system used is 25 mL of 50:50 of dichloromethane and methanol
Plasticizer 20 % w/v of dibutylphathalate

d-limonene 8 % w/v was incorporated
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mm) free from air bubbles or physical
imperfections, was held between two clamps
positioned at a distance of 3 cm. A card board
was attached on the surface of the clamp to
prevent the film from being cut by the grooves of
the clamp. During measurement, the top clamp
at a rate of 2 mm s-1 pulled the strips to a distance
till the film broke. The force and elongation were
measured when the films were broken. Results
from film samples, which were broken at end were
not included in observations. The mechanical
properties are calculated using equation 5 and 6.

Preparation of rat abdominal skin: The animal
study was conducted in accordance with the
approval of the animal ethical committee,
Kakatiya University, India. Wistar rats weighing
150–200 g were sacrificed using anaesthetic
ether. The hair of test animals was carefully
trimmed with electrical clippers and the full
thickness skin was removed from the abdominal
region. The epidermis was prepared surgically
by heat separation technique (12), which involved
soaking the entire abdominal skin in water at 60o

C for 45 s, followed by careful removal of the
epidermis. The epidermis was washed with water
and used for ex vivo permeability studies.

Ex vivo permeation studies: Franz diffusion cell
with a surface area of 3.56 cm2 was used for ex
vivo permeation studies. The rat skin was
mounted between donor and receptor
compartments of the diffusion cell with stratum
corneum facing the donor compartment. The
transdermal patch was placed over the skin and
a dialysis membrane (Hi-Media, Mumbai, India)
was placed over the patch so as to secure the
patch tightly from getting dislodged from the skin
(the transdermal patch was sandwiched between
the skin and dialysis membrane). The receiver

Development of matrix type transdermal patches of lacidipine

T.S.(Kg mm-2) = [Force at break (Kg) / Initial cross
sectional area of the patch (mm-2)].............(5)
E.B (%mm-2) =  [Increase in length (mm) / Original
length x 100 / Cross sectional area (mm2)]........(6)

compartment of the diffusion cell was filled with
12 mL of phosphate buffer pH 7.4 containing 40
% v/v polyethylene glycol (PEG) 400 and the setup
was placed over a magnetic stirrer with
temperature maintained at 37° C. PEG 400 was
incorporated to maintain sink conditions and the
contents of receptor compartment were agitated
at 400 rpm and was placed over a multi-magnetic
stirrer (Cintex, Mumbai, India). The study was
conducted at 37o C and samples of 1 mL were
collected at preset time points and replenished
with PBS (pH 7.4) containing 40 % v/v PEG 400.
The cumulative amount of LCDP permeated was
determined using HPLC (7) and concentration
was corrected for sampling effects according to
the equation 7 (13).

    C1
n=Cn[VT/VT-Vs][C

1
n-1/Cn-1]....(7)

where C1
n
 is the corrected concentration

of the nth sample, C
n
 is the measured

concentration of LCDP in the nth sample, C1
 n-1

 is
the corrected concentration in the (n-1)th sample.
C

n-1
 is the measured concentration of LCDP in

the (n-1)th sample, V
T
 is the total volume of the

receiver fluid and V
S
 is the volume of the sample

drawn.

The steady state flux was calculated from
the slope of steady state portion of the line in the
plot of drug amount permeated Vs time.
Permeability coefficient (Kp) was calculated by
dividing the flux with dose. The lag time was
calculated from the intercept on the time axis in
the plot of cumulative amount permeated Vs time.
The target flux was calculated using equation 8.

    Target flux = (Css x CLt x BW)/A.........(8)

Css, the LCDP concentration at therapeutic
level (8.6 µg L-1) and CLt the total body clearance,
83.9 mL h-1 (calculated from volume of
distribution, 2300 mL kg-1and half life 19 h) (14),
BW the standard human body weight of 60 kg, A
represents the surface area of the diffusion cell
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(i.e. 3.56 cm2). The calculated target flux value
for LCDP was 12.16 µg cm-2 h-1.

FTIR studies: LCDP, ethyl cellulose, Eudragit
RL100, PVP, polymer mixture and physical
mixture of polymers and LCDP were placed in
clear glass containers and exposed to 40oC/75 %
RH for 4 weeks. After 4 weeks, the samples were
subjected to FTIR studies by making pellets with
KBr.

Stability studies: The stability study for optimized
formulations (LE4 and LP3) was conducted
according to the International Conference on
Harmonisation (ICH) guidelines (15). Sufficient
samples of the formulations were wrapped in
aluminium foil and stored in a petri dish at a
temperature of 40 ± 2o C/75 ± 5 % R.H (Skylab
Instruments & Engineering Pvt Ltd, Thane, India)
for 6 months. Samples were withdrawn at intervals
of 1, 2, 3, and 6 months and analyzed for drug
content using the HPLC (7).

Statistical analysis: Statistical comparisons were
made using Student’s t-test using Sigmastat
software (Jandel Corp., CA, USA). Results were
considered significant at 95 % confidence interval
(p < 0.05) and results were expressed as mean ±
SD.

Results and Discussion
Formulation of transdermal patches of LCDP:
Polymer films were formulated with varying
concentrations of ethyl cellulose or ERL 100 and
PVP. The experiment was initiated by taking 2
gm of polymer and 90 mg of drug. As the polymer
concentration increased the films could
accommodate more amount of LCDP.
Precipitation of the drug was noticed with 2 g of
polymer and when the polymer was increased,
the precipitation was decreased. No precipitation
was observed with 2.5 g and above of the polymer.
Therefore the amount of polymer selected was
2.5 gm and in order to improve drug release PVP

at different ratios was incorporated. The physical
appearance of the films was transparent
suggesting that the drug was completely solubilized
in the polymeric matrix. Based on preliminary
experiments, d-limonene at a concentration of 8
% v/w (showed maximum permeation of LCDP
across rat skin) was incorporated as penetration
enhancer.

The results of weight variation test for
various transdermal films are shown in Table 2.
Results of weight variation test indicated
uniformity in weight of the patches, as evidenced
by RSD values, which were less than 6.

Thickness of films varied from 201.3
(LE1) to 210.4 µm (LE4); 185.6 (LP1) to 193.2
µm (LP4) in respective series. The results (Table
2) suggest that the change in polymer composition
did not produce any significant effect (p>0.05)
on the thickness. The thickness was found to be
uniform as it was evidenced from RSD values,
which were less than 6.

The results of content uniformity are
shown in table 1 and indicate good uniformity in
drug content. The drug content was from 97.1 to
101.5 % in formulation LE2 and LP3 respectively.

In vitro drug release studies: The release
profiles of LCDP from transdermal patches were

Fig 1. In vitro release profiles of LCDP transdermal patches
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Table 3. In vitro release kinetics of LCDP transdermal patches

Formu           Zero order                           First order                              Higuchi   Peppas-
lation  Korsemeyer

r2 K r2 K r2 K n
LE1 0.974 56.6 0.633 0.069 0.981 822.7 0.38
LE2 0.964 63.2 0.604 0.062 0.975 879.0 0.37
LE3 0.958 61.4 0.581 0.054 0.961 1052.0 0.33
LE4 0.941 60.7 0.559 0.045 0.979 1684.4 0.33
LP1 0.940 37.4 0.536 0.043 0.981 761.2 0.16
LP2 0.937 59.5 0.575 0.050 0.981 1704.6 0.35
LP3 0.937 75.2 0.565 0.046 0.974 1799.3 0.39
LP4 0.904 60.3 0.537 0.338 0.899 1206.3 0.37

shown in Fig 1. Formulations LE4 (6892.1 µg)
and LP3 (8014.6 µg) showed maximum amount
of release among their series with zero order
(r2>0.9) release kinetics as it was evidenced from
correlation coefficients. It was apparent from the
release profiles of formulations, that the drug
release was governed by polymer composition.
As the concentration of hydrophilic polymer
(PVP) increased in the formulations, the drug
release rate increased substantially. There
appeared a significant difference (p<0.05) in the
final amount of drug release, which might be due
to the fact that the amount of water soluble
polymer influences the drug release from the
patches. For all formulations the first order, zero
order and higuchi correlation coefficients were
calculated and shown in Table 3. All formulations
followed fickian model of release pattern as it
was evidenced from release exponent
(0.16<n>0.39), indicating that the release
mechanism was diffusion mediated.

Moisture absorption and moisture content:
Moisture absorption and moisture content studies
provide information regarding stability of the
formulation (5). The moisture absorption in the
formulations ranged from 0.03 to 1.71 % and 0.24
to 2.5 % in LE and LP series respectively. The
moisture content in the patches ranged from 0.02
to 0.39 % and 0.05 to 0.39 % in LE and LP series

respectively (Fig 2). The results revealed that the
moisture absorption and moisture content was
found to increase with increasing concentration
of hydrophilic polymer (PVP). The small moisture
content in the formulations helps them to remain
stable and from becoming a completely dried and
brittle film (16) and low moisture absorption
protects material from microbial contamination
and bulkiness of the films (17). The rank order of
moisture absorption and moisture content
respectively were LE1 < LE2 < LE3 < LE4 and
LP1 < LP2 < LP3 < LP4; LE1 < LE2 < LE3 <
LE4 and LP1 < LP2 < LP3 < LP4.

Fig 2. Moisture absorption and moisture content of
LCDP transdermal patches
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The results of mechanical properties are
shown in Table 2 and Fig 3. Formulation LE1 and
LP4 exhibited greater values of TS (2.75 kg mm-

2 and 1.42 kg mm-2 for LE1 and LP4 respectively).
Formulation LE4 (15.4 mm-2) and LP4 (95.6 mm-
2) showed greater values of elongation at break
in their respective series. The results revealed
that as the concentration of PVP increased in LE
series, the tensile strength was found to decrease
and vice versa seen in elongation at break. Both
TS and E/B were found to be increased with
increasing concentration of PVP in LP series.
These observations indicate that formulation LE4
and LP3 patches were found to be strong, not
brittle and flexible.

Ex vivo permeation of LCDP from
transdermal patches: The results of drug
permeation from transdermal patches of LCDP
through rat  skin  are  presented in Table 2 and

Fig 3. Tensile strength properties measurement of
LCDP transdermal patches

Fig 4. Ex vivo permeation profiles of LCDP transdermal
patches

Mechanical properties of films: The tensile
testing gives an indication of the strength and
elasticity of the film, reflected by the parameters,
TS and E/B. A soft and weak polymer is
characterized by a low TS and E/B; a hard and
brittle polymer is defined by a moderate TS and
low E/B; a soft and tough polymer is characterized
by a moderate TS and high E/B; where as a hard
and tough polymer is characterized by a high TS
and E/B (18). Hence, it is suggested that a suitable
transdermal film should have a relatively high TS
and E/B.

Fig 5. FTIR spectra of LCDP, polymer mixtures and
LCDP with polymer mixtures
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Fig 4. Formulations LE4 and LP3 showed
maximum drug permeation among their series.
The patches LE1, LE2, LE3, LE4 LP2, LP3 and
LP4 could meet the target  flux   (12.16 µg cm-2

h-1).  However, the formulations showed higher
lag times except formulation LE4. Therefore the
patches LE4 (2282.3 µg) and LP3 (2765.7 µg)
were considered to be optimum formulations. In
ex vivo permeation studies, the permeation
pattern is similar to in vitro release pattern. The
results revealed that LCDP was released from
the formulation and permeated through rat
abdominal skin and hence could possibly permeate
through the human skin. The permeation profiles
were found follow higuchi kinetics as it was
evidenced from correlation coefficients (0.976-
0.996)

FTIR studies: The FTIR spectral analysis of
LCDP alone showed that the principal peaks
were observed at wave numbers of 3349.8,
2974.9, 1702, 1675.4, 1496.4 and 1310.8. In the
spectra of the physical mixture of LCDP, ERL
and PVP were 3349.7, 2979.5, 1702.6, 1675.7,
1498, and 1311.3; 3349.4, 2974.5, 1675.8, 1497.9
and 1311.3 wave numbers were observed for the
mixture of LCDP, ethyl cellulose and PVP.
However, some additional peaks were observed
with physical mixtures, which could be due to the
presence of polymers. These results suggest that
there is no interaction between the drug and
polymers used in the study. The polymers used
are in controlled/sustained release matrix type
patches because of their compatibility with a
number of drugs (19).

Stability study: The stability of the optimized
formulations (LE4 and LP5) was investigated as
per ICH guidelines. On storing the TDDS at a
temperature of 40±2 °C/75±5 % RH for 6 months,
1.52 % (LE4) and 1.89 % (LP3) degradation was
observed. As the degradation is less than 5 % in
the formulation, a shelf life of 2 years could be
assigned.

Conclusions
Matrix type transdermal therapeutic

systems of lacidipine could be prepared with the
required flux having suitable mechanical
properties. Further work is recommended in
support of its efficacy claims by long term
pharmacokinetic and pharmacodynamic studies
in human beings.
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AFLP analysis of Leishmania panamensis.

Abstract
Leishmania parasites cause leishmaniasis,

a potentially deadly re-emergent disease that
affects millions throughout the world. In Panama,
the disease is showing an increasing trend, with
estimates of thousands of new cases every year.
The main manifestations are the cutaneous and
mucocutaneous forms. Genetic variability studies
in Leishmania are extremely important to define
key elements of the eco-epidemiology of the
disease. However, few studies have addressed
this issue in Panama, and these have been based
mainly on kinetoplastid DNA RFLP. The amplified
fragment length polymorphisms (AFLP) is a very
efficient technique for rapid detection of genetic
variability, particularly useful on organisms without
sequenced genomes. Although this technique has
been used successfully on many species, including
several protozoa, its use for studying genetic
variability in Leishmania parasites is just in its
beginnings. We have optimized and used AFLP
to address genetic diversity in Leishmania
panamensis, a poorly studied member of the
Viannia subgenus. We have found that this
technique is able to generate high numbers of
peaks when low selective EcoRI and MseI
primers were used (+0, +1, +2 series).

Amplified Fragment Length Polymorphisms Reveals High
Intraspecific Variability in Field Isolates of Leishmania

panamensis
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Additionally, we have found that an important
proportion of those alleles, up to 57% for some
primer combinations, are polymorphic. Some of
these alleles are potentially useful to rapidly
distinguish L. panamensis and L. guyanensis,
the two most genetically similar species of the
subgenus. The AFLP was an efficient technique
to screen the Leishmania panamensis genome
for polymorphisms, allowing the rapid detection
of hundreds of polymorphic alleles.

Keywords: AFLP, Leishmania, Genetic
Variability, Polymorphisms

Introduction
Leishmania parasites (Kinetoplastida:

Trypanosomatidae) are the cause of the neglected
disease leishmaniasis, accounting for significant
morbidity and lethality at more than 88 countries
around the world. This disease is zoonotic, caused
by several species of parasites and transmitted
by sand flies (Diptera: Psychodidae). Estimates
from the World Health Organization (WHO) point
to several million people infected and more than
350 million at risk. The global incidence of
leishmaniasis is on the rise, and has been classified
as importance level I by the WHO, meaning that
the disease is re-emergent, uncontrolled and
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expanding. The fact that there are many
asymptomatic cases and systematic under-
reporting further complicates the possibilities of
disease control (1, 2).

In Panama, although the main manifestation
are the cutaneous and mucocutaneous forms, the
disease is considered a major health problem,
accounting for about 3000 new cases every year
and a possible under report of about 50% (3).
Although several Leishmania species have been
sporadically reported in Panama, including the
potentially pathogens for humans Leishmania
mexicana, Leishmania amazonensis, and
Leishmania colombiensis, the most common is
Leishmania (Viannia) panamensis, being the
major causative agent of cutaneous and
mucocutaneous leishmaniasis in the country (3,
4, 5, 6). The mucocutaneous form accounts for
about 5% of the patients and has the worst
prognosis, frequently producing deforming lesions.
Recently, the application of molecular detection
methods has allowed some evidence of previously
unreported species for the country, Leishmania
naiffi, in Lutzomya vectors in the Panama Canal
area (7).

The study of the genetic variability of
Leishmania parasites is considered a topic of high
relevance to many aspects of the natural history,
ecology and epidemiology of the organism. The
current methods for exploring the genetic diversity
in Leishmania have included the use of multilocus
enzyme electrophoresis [8, 9], PCR-RFLPs [10],
RAPDs (11), multilocus DNA sequencing (12)
and microsatellites (13).

The Amplified Fragment Length
Polymorphisms (AFLP) is a technique developed
to explore genetic diversity of organisms when
no DNA sequence information is available (14).
This technique has been extremely useful to assess
the degree of genetic variability of many biological
groups, showing high reproducibility and

robustness. Several authors have successfully
tested AFLP to assess genetic diversity in
protozoa species such as Plasmodium chabaudi
(15), Plasmodium falciparum (16),
Trypanosoma brucei (17, 18) and Eimeria
tenella (19). Although the AFLP is a technique
widely employed for that purpose in many other
taxa, its use for studying Leishmania parasites is
scarce. Here we optimize experimental conditions
for the application of AFLP to Leishmania
panamensis parasites and show that this
technique has a great potential for examining both
inter and intraspecific genetic variability.

Materials and Methods
Strains Culture  Conditions  and  DNA
extractions : Several field isolates of Leishmania
panamensis were obtained from the Institute of
Scientific Research and High Technology Services
of Panama (INDICASAT-AIP), Instituto
Conmemorativo Gorgas de Estudios de la Salud
(ICGES) and Center for Research and Diagnosis
of Parasitic Diseases, CIDEP, Faculty of
Medicine, University of Panama. All strains used
(indicated here as P2, P5, P6, P7, P8 and P9)
were isolated from patients of cutaneous
leishmaniasis from endemic areas in central
Panama, and were previously characterized using
multilocus isoenzyme typing or kinetoplast PCR-
RFLP DNA typing [20]. Additionally, a reference
strain of Leishmania guyanensis (MHOM/BR/
1975/M4147) was included for comparison.
Promastigotes were cultured at 25ºC, in tissue
culture flasks (Nunc, USA), using Schneider
medium (Sigma, USA) with 0.4 g/L de NaHCO

3
,

20% FCS (Invitrogen, USA) and 50 µg/ml
gentamycin (Invitrogen, USA). After reaching
high density, 5 ml cultures were centrifuged at
3000 rpm for 5 min, pellets washed in same
volume of  PBS 1X, and DNA immediately
extracted using a commercial kit (Wizard®

Genomic DNA purification kit, Promega, USA).
DNA quality, concentration and digestibility were
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checked by agarose gel electrophoresis.

Strain typing: Identity of the strains used were
confirmed using the hsp70 gene PCR-RFLP as
previously described (21, 22). Briefly, hsp70
amplicons (approximately 500 ng) were digested
either with HaeIII or BccI in final volume of 20
µl, then loaded in 1.5% agarose gel and visualized
with ethidium bromide staining using standard
procedures (23). Restriction fragments patterns
were compared to previously published results
(21, 22).

AFLP reactions and data analysis: Fluorescent
AFLP kits (Applied Biosystems, USA) were used
for the whole procedure, which include EcoRI
+3 and MseI +3 selective primers (Regular Plant
Genomes kit, P/N 4303050), EcoRI+2 and
MseI+3 selective primers (Small Plant Genomes
kit, P/N 4303051), and EcoRI+0+1+2 and
MseI+0+1+2 selective primers (AFLP Microbial
Fingerprinting Kit, P/N 402948). Restriction –
digestion reactions were performed as
recommended by the manufacturer. Briefly, 50
ng of DNA were incubated in 11 µl reaction
containing 1X T4 DNA ligase buffer containing
ATP, 50 mM NaCl, 45 µg/ml acetylated BSA, 1
µl MseI adaptor, 1 µl EcoRI adaptor, 5 u EcoRI
(BioLabs, USA), 5 u Tru9I (Promega, USA), and
64 u T4 DNA Ligase (BioLabs, USA), for 2 h at
37ºC. After incubation, these reactions were
diluted with 189 µl of 20 mM Tris-HCl, 0.1 mM
EDTA, pH 8.0. Preselective amplifications were
performed combining 4 µl of diluted restriction –
ligation reaction with 1 µl preselective primers
and 15 µl amplification core mix (P/N 402005,
Applied Biosystems, USA). Thermal cycling was
72ºC x 2 min, 30 cycles of (94ºC x 20 sec, 56ºC x
30 sec, 72ºC x 2 min), 60ºC x 30 min, and hold at
4ºC. Ten microliters of this reaction were diluted
with 190 µl of TE as above. Selective
amplifications reactions were prepared with 3 µl
of diluted preselective reaction, 1 µl selective MseI
primer   (5 µM), 1 µl    selective   EcoRI  primer

(1µl) and 15 µl amplification core mix. A
touchdown thermal cycling protocol was followed
according to the manufacturer, with the exception
that the number of extension cycles at 72ºC was
increased to 40. All reactions were loaded in a
Genetic Analyzer 3130xl using GeneScan 500
(ROX) as internal size standard. Detection and
sizing of peaks were conducted with GeneMarker
v. 1.91 software (Softgenetics, USA) using the
standard AFLP procedure recommended by the
manufacturer (24).

Results and Discussion
To assess the identity of the biological

material, all the Leishmania strains used for the
experiments were genotyped using PCR – RFLP
of heat-shock protein 70 gene. All the strains
analyzed show HaeIII and BccI patterns
consistent with previous typing results (see Fig. 1
for a representative agarose electrophoresis
result).

The strategy followed to assess the
usefulness of AFLP on Leishmania panamensis

Fig. 1. Representative image of agarose gel electrophoresis
of HaeIII and BccI digestions of hsp70 amplicon for the
Leishmania species used at this study. M: size standards;
bp: base pairs; P9 and P4: L. panamensis isolates; G: L.
guyanensis reference strain; N: undigested hsp70 amplicon;
H: HaeIII digestion products; B: BccI digestion products.

AFLP analysis of Leishmania panamensis.
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isolates involved the following steps, a) testing
protocols for extraction and purification of high
molecular weight DNA from promastigotes, b)
testing integrity and digestibility of the high
molecular weight DNA, c) testing the best
experimental conditions for AFLP reactions
(number of cycles at pre selective and selective
PCR), and d) selecting the best primer
combinations for selective PCR with a small
number of isolates. These initial optimization
experiments were done with L. panamensis strain
P2. After testing several variations (data not
shown), the best conditions found for the AFLP
were 1) high molecular weight DNA extraction
and purification using a commercial salting-out
based kit (Wizard Genomic DNA Purification kit,
Promega, USA), and 2) changing the AFLP

protocol by raising the number of preselective
cycles to 30, and the number of selective cycles
to 40.

As commercial AFLP kits were used
(Applied Biosystems, USA), tests for the number
of cycles were done for both the control bacterial
DNA and the L. panamensis strain P2. The
increase in the number of cycles at both the pre-
selective and the selective PCR steps allowed
the reproducible detection of more peaks passing
the threshold of 100 fluorescence intensity units,
without increasing the noise at the baseline of the
electropherograms (Figure 2). When several
DNA extractions were repeatedly subjected to
the whole procedure a good reproducibility was
observed on the electropherograms (data not
shown).

Fig. 2. Representative electropherogram of fluorescently labeled AFLP fragments, generated by the selective primers
EcoRI-0-MseI-CA. G: L. guyanensis; P5-P9: L. panamensis isolates. Arrows indicate A) possible L. guyanensis specific
alleles; B) possible L. panamensis specific alleles; C) L. panamensis polymorphic peaks; D) alleles common to all strains
analyzed.
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Digestions of Leishmania genomic DNA
with EcoRI and Tru9I (data not shown) showed
that most of the digested DNA was at sizes higher
than the useful range described for AFLP (50-
500 base pairs). These higher than expected sizes
were anticipated due to the high GC content of
the Leishmania genome and the fact that the
recognition sites for these enzymes are AT rich
sequences. We proceeded to AFLP reactions
optimizations by doing the selective primers
screening with one of the L. panamensis isolates
to cover all the possible combinations of available
EcoRI and MseI primers. The +3 and +2
combinations (corresponding to the Regular Plant
Genomes and Small Plant Genomes AFLP kits)
generally yielded low numbers of peaks (Table
1), consistent with the results of the restriction
analysis of genomic DNA and the characteristics

of the Leishmania genome. Thus, further analysis
included several L. panamensis isolates (P5, P6,
P7, P8 and P9) and one reference L. guyanensis
strain, and were only done with the +2, +1 and +0
corresponding to the Microbial Fingerprinting
AFLP kit. Although this kit contained 81 possible
selective primer combinations, we used only the
67 producing more than ten (10) clear peaks
(Table 2).

The primer combinations producing the
highest numbers of bands on L. panamensis were
EcoRI-0-MseI-A, EcoRI-0-MseI-T, EcoRI-0-
MseI-G, and EcoRI-C-MseI-0 (Table 3).
Unexpectedly, some primer combinations rendered
too few or no bands at all. The primer
combinations yielding the highest cumulative
number of bands were EcoRI-G-MseI-0, EcoRI-

AFLP analysis of Leishmania panamensis.

Table 1. Number of peaks detected for each combination of selective (- 3) primers  on Leishmania
              panamensis.

Msel selective primer
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0-MseI-A, and EcoRI-0-MseI-C, with a range
from 7 to 164 peaks (Table 3). The analysis of
several isolates allowed us to look at variations
among L. panamensis isolates and between L.
panamensis and reference L. guyanensis. These
comparisons revealed that an important proportion
of the peaks were reproducibly polymorphic. The
combinations showing the highest percentages of
polymorphic peaks for these L. panamensis
isolates were EcoRI-AA-MseI-T, EcoRI-T-MseI-
0, and EcoRI-0-MseI-T, ranging from 7% to 57%
(Table 3). The primer combinations tested showed
many peaks with the potential to clearly
differentiate between both species. This possibility
would require, however, the analysis of a higher
number of isolates from both species.

These results are not in agreement with
those reported by Kumar et al. (25) for
Leishmania donovani, where they found much
higher proportions of polymorphic peaks and higher
number of alleles when selective +3 primers were
used. Those results, however, are not directly

comparable, as these authors explored different
species and did not give details about the allele
scoring process. Here we have applied a rather
conservative approach by considering only peaks
exceeding 100 fluorescence intensity units to
assure reproducibility of electropherograms, even
at the expense of losing potentially useful peaks.
In our hands, this procedure gave us good allele
calling reproducibility.

Although a limited number of isolates was
analyzed, our results support the idea that there
is substantial genetic diversity among L.
panamensis isolates. As far as we know, this is
the first report on the evaluation of AFLP to
characterize genetic diversity of Leishmania
panamensis. Another species of the Viannia
subgenus, Leishmania peruviana, has shown
very low genetic variability when analyzed using
other markers, (26).

Polymorphisms observed at AFLP peaks
may be the result of mutations at any of the

Carlos M. Restrepo  et al

Msel selective primer

Table 2. Number of peaks detected for each combination of selective Mse  (+0, =1, +2) primers  on
              Leishmania panamensis.
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restriction sites and/or changes in the size of the
restriction fragments due to insertions, deletions
or other rearrangements at the original sequence.
It has been shown that rearrangements of
repeated sequences are a common process
leading to protozoan genome variability (27, 28).
It is possible that the inherently variable nature of
repetitive sequences accounts for an important
part of the observed AFLP polymorphisms. That
might be especially possible for L. panamensis,
a not very well studied member of the subgenus
Viannia. Full genome sequencing of another
member of the subgenus, L. braziliensis, has
shown higher amino acid and sequence
divergence as well as a higher number of repetitive
sequences than that of the other sequenced
members of the Leishmania subgenus, L. major
and L. infantum (29).

Conclusions
When AFLP low selectivity EcoRI and MseI

primers were used (+0, +1 and +2) on
Leishmania panamensis, the patterns obtained
revealed large numbers of usable alleles and a
significant proportion of polymorphic bands.
Additionally, many of those bands showed the
potential to distinguish between L. panamensis
and L. guyanensis. Thus, AFLP is a molecular
fingerprinting technique showing promising
potential to explore genetic diversity at
Leishmania panamensis, both at intraspecific and
interspecific levels. Its application will allow
researchers to look deeper into new
polymorphisms and possibly correlate them to eco-
epidemiologically relevant traits and other
important aspects of the biology of the parasite.
The high efficiency of AFLP to detect many
polymorphisms simultaneously in this parasite
makes the technique very attractive to address
epidemiological relevant issues as drug resistance,
variations in clinical symptoms, and micro-
evolutionary patterns, among many others.
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Calcium protection against lead and manganese toxicity

Abstract
Chronic exposure to lead (Pb) or

manganese (Mn) is known to alter variety of
neurological and behavioral functions. In this
study, we have examined the neuro-behavioral
perturbations in rats exposed to both Pb and Mn,
and the protective effect of calcium supplement.
Rats (3 months old) were exposed to Pb (0.2%
through drinking water) and Mn (intraperitonially
daily at a concentration of 2.5 mg/kg body wt)
for a period of 3 weeks.

A separate batch of animals received
calcium (0.02%) in drinking water together with
Pb and  exposed to Mn.  Following exposures,
the neurochemical alterations were assessed by
determining the activity changes in synaptosomal
acetyl cholinesterase (AChE) and mitochondrial
ATPases in different brain regions (cortex,
hippocampus and cerebellum). Behavioral studies
included both cognitive (water maze tasks) and
non-cognitive (open field, exploratory and
locomotory tasks).  Combined exposure to Pb and
Mn resulted in behavioral dysfunctions (decrease
in latency, swim distance, swim speed in water
maze task and decrease in open field behavior
and locomotor activity). Similar to the changes
observed in motor and cognitive behavior,
decrease in the activity of both AChE and
ATPases were also observed in the brain regions
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of Pb+Mn exposed rats. However, the animals
which received calcium together with Pb+Mn
showed reversal effect in behavioral as well as
the activity of the enzymes suggesting protective
role of calcium supplementation against the Pb
and Mn induced neurotoxicity. The results of this
study support our earlier findings on the protective
role of calcium and zinc against Pb and Mn
induced neurotoxicity.

Keywords: Behavioral perturbations, Water
maze, Lead, Manganese, Locomotor activity,
cholinergic system, Calcium protection.

Introduction
The nervous system is the primary target

for the low levels of Pb-exposure and the
developing brain appears to be especially
vulnerable to Pb/Mn-neurotoxicity (1-6). Pb-
exposure at very low doses produces serious
adverse effects on the central nervous system of
children and infants, and these effects last for
several years (7). Perinatal exposure to low levels
of Pb has been shown to exert behavioral and
neurochemical alterations in both suckling and
adult rats (8). Pb is known to exert its neurotoxic
effects by competing with calcium for calcium
receptors coupled with second messenger
functions (9) and in some cases, to inhibit the
actions of Ca2+ as a regulator of cell function (9).
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Manganese (Mn) is an essential trace
metal that is present in all tissues of mammals.
This element can act both as a nutrient and a
toxicant to the brain (10). The higher intake of
Mn, either through the air or the diet, may result
in severe pathologies, particularly in the central
nervous system (CNS) leading to manganism, a
Parkinson-like disorder (11). The toxic effects of
Mn have been widely studied using animal
models, notably concerning the accumulation of
Mn in tissues and interactions with various other
elements (e.g., iron [Fe], zinc [Zn] copper [Cu])
after subchronic or chronic administration (12).

 The adverse effects of Mn on the
nervous system probably result from the failure
of protective enzymes capable to detoxify critical
amounts of Mn or to alter its oxidation potential.
A multifactor hypothesis is more likely, and could
involve iron-induced oxidative stress and the
direct interaction of Mn with dopaminergic
terminal mitochondria, leading to selective
mitochondrial dysfunction and subsequent
excitotoxicity (13,14). In this study, we have
examined the alterations in brain enzymes and
behavioral perturbations in rats exposed to both
lead and manganese since both metals coexist in
environment originating from different exposure
sources. We have also studied the protective
effects of calcium against the alterations caused
by Pb+Mn.

Materials and Methods
Procurement and maintenance of
experimental animals: Young albino rats
(Wistar) of 3 months age were purchased from
IISc, Bangalore and maintained in the animal
house of Dept. of Zoology, S.V. University. The
animals were housed in clear plastic cages with
hardwood bedding in a room maintained at 28o ±
2o C and relative humidity 60 ± 10% with a 12
hour light/day cycle. The animals were fed with
standard pellet diet supplied by Sri Venkateswara
Traders, Bangalore and water ad libitum.

Animal exposure to Pb and Mn: Animals were
exposed to 0.2% lead acetate (Sigma) by adding
Pb- acetate to de-ionized drinking water and Mn
(2.5 mg/kg) (Sigma) intraperitonially daily for a
period of 21 days. Control rats received only
deionized water without Pb, intraperitonially saline
(0.9%) injections daily up to 21 days.

Calcium (Ca2+) was supplemented as
0.02% in 0.2% Pb- water. The behavioral tasks
in control, Pb+Mn-exposed and calcium
supplemented 3 months old rats were observed
in the open-field, water maze, exploratory
behavior chamber and locomotory activity
recorder.    The brain regions (cerebral cortex,
cerebellum and hippocampus) of control, Pb+Mn-
exposed, and Ca2+ supplemented rats were
collected and used for biochemical assays.

Behavioural Studies
Open-Field Behavior: The open field test has
been widely used to assess emotional reactivity/
anxiety. It provides measures of locomotor
activity.  The horizontally directed activity (or
locomotion) is measured by the number of line
crossings, and vertically directed activity (or
exploration) is measured by the frequency of
rearings (15).  The open-field behaviour of three
months age rats was assessed in a wooden box
measuring 90 x 90 x 30 cm high.  The floor of the
arena was divided into 36 equal squares by black
lines. Immediately after a rat was placed in the
centre of the open field, the movement of the
animal was scored.  The number of squares
crossed with all paws (crossings), the standings
on the hind legs (rearings), placing the nose against
wall or floor (sniffing), wiping, licking, combing
or scratching of any part of the body (grooming)
were counted in all sessions. All the activities
measured were combined together to assess the
mean total behaviour in each session. Testing was
carried out on five consecutive days in five minute
sessions in control, Pb-exposed and supplemented
animals.
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Locomotory Activit: Locomotor activity of the
rat was studied with Opto-Varimex mini
(Columbus Instruments, USA).  The data was
taken as total duration 30minutes to each animal
during the 5 minutes session interval.

Exploratory Behaviour: Exploratory behaviour
was evaluated in the hole board. The apparatus
was an open-field arena with four equally spaced
holes (3 cm in diameter) in the floor. Each rat
was placed individually in the centre of the arena
for 5 min, during which we recorded head-dip
count and head-dipping duration, in seconds. A
head dip was scored if both eyes disappeared
into the hole. Head-dipping duration data are
expressed as total duration during the 5-min
session. The results for head dip are expressed
as number of counts, and for head-dipping
duration in seconds.

Morris water maze: Spatial  discrimination
learning not only involves  place learning, which
is learning a position in space which  in this  case
is the position  of the hidden platform  in the Morris
water escape task,  but also involves  non-spatial
components  like procedural learning (such as
learning to search for an escape platform) and
visual  or other sensorimotor  processes together
with possible motivational/emotional processes
necessary for executing the task.  After acquisition
of the spatial water escape task, a probe trial can
reveal whether the rats have actually learned the
position of the platform.  Furthermore, a spatial
discrimination reversal  task after  the  acquisition
of the spatial  task,  measures  mainly place
learning because  the rats  are already familiar
with the procedural  component.

The water maze is a circular water tank
measuring 1.85 m in diameter and 0.7 m deep
constructed according to a basic design similar to
that of Morris (16). Four points along the
circumference of the water tank were designated
arbitrarily North (N), South (S), East (E), and West

(W), thus dividing the maze into four quadrants.
The pool was filled to a depth of 30 cm with water
made opaque with white, non toxic water-based
paint.  A circular submerged platform (diameter
12.5 cm) remained below the surface of water.
All parameters involving time and distance are
measured in seconds.  Testing was carried out
on five consecutive days. Control, Pb+Mn treated
and Ca2+ supplemented rats were subjected to
water maze learning tasks.

Biochemical Studies
Preparation of mitochondrial fraction:
Mitochondrial fractions were prepared by
following the method of Lai and Clark (17) by
homogenizing in 5 volumes (w/v) of Sucrose-
EDTA-Tris buffer (SET) buffer (0.25 M sucrose,
10 mM Tris-HCl, and 1 mM EDTA, pH 7.4). The
homogenate was first centrifuged at 800 g for 10
min at 4°C, and then the supernatant was
centrifuged at 10,000g for 20 min. Then the pellet
of mitochondrial fraction was suspended in SET
buffer.

Estimation of AChE: The specific activity of
AChE was determined as described by Ellman
et al., (18). The reaction mixture contained 3.0
ml of 0.1M phosphate buffer (pH 8.0), 20µl of
0.075 M acetylthiocholine iodide and 100 µl of
0.01 M 5, 5-dithiobis 2-nitrobenzoic acid. The
reaction was initiated with the addition of 100 µl
of crude homogenate. The contents were
incubated for 30min at room temperature and the
color absorbance was measured at 412nm in
spectrophotometer (Hitachi, Model U-2000). The
enzyme activity was expressed as µ moles of ACh
hydrolyzed /mg protein/h.

Estimation of Adenosine Triphosphatase
(ATPase) activity: Na+K+ and Mg2+ATPase
activities in the tissues were estimated following
the method of Tirri et al., (19). Briefly, 1%
homogenates of the tissues were prepared in 0.25
M ice cold sucrose solution. Homogenates were

Calcium protection against lead and manganese toxicity
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divided into two parts. One part was centrifuged
at 1400g and the supernatant thus obtained was
used as an enzyme source for Mg2+ATPase, while
the other part of the homogenate was used for
the estimation of the total ATPase.

Mg2+ATPase: The reaction mixture for
Mg2+ATPase assay contained 0.5 ml of tris buffer
(0.13 M; pH 7.4), 0.4 ml of substrate ATP, 0.5 ml
of Magnesium chloride (0.05 M MgCl

2
) and 0.2

ml of mitochondrial fraction (enzyme source). The
contents were incubated at 37° C for 15 minutes
and the reaction was stopped by the addition of
10% TCA. Zero time controls were maintained
by adding TCA prior to the addition of
homogenate/mitochondrial fraction. The contents
were centrifuged at 1000g for 15 minutes and
the inorganic phosphate was estimated in the
supernatant fraction following the method of Fiske
and Subbarow (20).

Na+K+ATPase: 1% (W/V) homogenate already
set apart was used for the total ATPase assay.
The reaction mixture in a final volume of 2.6 ml
contained, 0.5 ml of Tris buffer (0.13 M; pH 7.4),
0.4 ml of substrate ATP, 0.5 ml MgCl

2  
(0.05 M),

0.5 ml potassium chloride (KCl, 0.05 M), 0.5 ml
of sodium chloride (NaCl, 0.05 M) and 0.2 ml of
crude homogenate/ mitochondrial fraction
(enzyme source). The contents were incubated
at 37° C for 15 minutes and the reaction was
arrested by the addition of 1.5 ml of 10% TCA
prior to the addition of homogenate. The contents
were centrifuged and the inorganic phosphate was
estimated in the supernatant fraction (Na+

K+ATPase = Total ATPase - Mg2+ATPase).

Estimation of protein content: Protein content
of the tissues was estimated by the method of
Lowry et al. (21).

Analysis of Data: The data was subjected to
statistical analysis (ANOVA and t-test as
applicable) using standard statistical procedures.

Results
Open field behavior:The results presented in
Fig.1 show decreased locomotor behavior in all
responses (crossings, rearings, sniffings,
groomings) of the open-field in Pb+Mn exposed
rats compared to controls. The control rats showed
higher locomotor activity (111.6 crossings, 14.2
rearings, 19.2 sniffings, 19.2 groomings) compared
to Pb+Mn treated rats (31.7 crossings, 3.1
rearings, 3.7 sniffings, 4.3 groomings). However,
the addition of calcium to Pb+Mn, showed a
marginal reversal in the alterations observed in
the locomotor behavior (46.88 crossings, 4.33
rearings, 6.77 sniffings, 7.33 groomings) of
Pb+Mn treated rats.

Locomotor activity: The results of locomotor
activity (Fig.2) showed a decrease in the total
number of movements in the Pb+Mn treated rats
than the control rats. The administration of
calcium along with the Pb+Mn, showed increase
in the locomotory activity than Pb+Mn exposed
rats.

Fig.1. Open-field behavior of control, Pb+Mn exposed
and Ca2+ supplemented rats. Rats were exposed to
0.2% lead acetate through drinking water and Mn (2.5
mg/kg) intraperitonially daily for a period of 21 days.
Calcium (0.02%) was added in 0.2% Pb water. Each bar
represents mean ± SD (n = 6). The values marked with
asterisk (*) are significantly different from controls at
p<0.05 – p<0.001.

Ram Kumar et al
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than the control rats (head dip duration: 41.625
sec/5min and  the number of head dippings: 5.875
times/5min). However, the administration of
calcium showed a marginal increase in both head
dip duration (5.66 sec/ 5 min) and number of head
dippings (3.166 times/5 min) than the Pb+Mn alone
treated rats.

Water maze learning: Behavioral assessments
on water maze confirmed the impairment in
performance of the water maze acquisition,
reversal and working memory tasks in Pb+Mn
exposed rats (Figs 4 to 6). All the rats easily
learned to find the submerged platform except
for the first day of training when all subjects
performed at chance level. The Pb+Mn exposed
rats took significantly longer time than control
animals to find the hidden platform.

Acquisition phase : From the Fig. 4, it evident
that Pb+Mn exposure significantly impaired the
water maze acquisition performance. In the first
day of training session, no specific alterations were

Fig.2. Total locomotor activity of control, Pb+Mn
exposed and Ca2+ supplemented rats. Rats were
exposed to 0.2% lead acetate through drinking water
and Mn (2.5 mg/kg) intraperitonially daily for a period
of 21 days. Calcium (0.02%) was added in 0.2% Pb
water. Each bar represents mean ± SD (n = 6). The
values marked with asterisk (*) are significant at
p<0.001

Exploratory behavior: From the figure 3, it is
evident that Pb+Mn treated rats showed a
decrease in head dip duration (3.52 sec/5 min)
and number of head dippings (1.91 times/ 5 min)

Fig.3. Exploratory behavior of control, Pb+Mn
exposed and Ca2+ supplemented rats. Rats were
exposed to 0.2% lead acetate through drinking water
and Mn (2.5 mg/kg) intraperitonially daily for a period
of 21 days. Calcium (0.02%) was added in 0.2% Pb
water. Each bar represents mean ± SD (n = 6). The
values marked with asterisk (*) are significant at
p<0.001

Fig.4. Average escape latency (time in seconds) of control,
Pb+Mn exposed and Ca2+  supplemented rats to find the
hidden plat form during the acquisition phase (the platform
remained in the same position). Rats were exposed to 0.2%
lead acetate through drinking water and Mn (2.5 mg/kg)
intraperitonially daily for a period of 21 days. Calcium
(0.02%) was added in 0.2% Pb water. Each bar represents
mean ± SD (n = 6). The changes are significant at P<0.05-
0.001.

    Control animals,         Lead and manganese exposed
animals,
    Calcium Supplemented Animals
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found between control and treated rats. Later,
control rats quickly proceeded to the north
quadrant where the platform is located and
identified the hidden platform, where as Pb+Mn
treated rats took longer time to reach the hidden
platform. Pb+Mn-exposed rats exhibited the
tendency of peripheral swimming, thereby took
longer time to reach the platform. The mean
escape latency of controls was 12.17±3 on 1st

day, 11.62±2.9 on 2nd day, 9.42±2.4 on 3rd day
and 8.67±2.2 on 4th day. The Pb+Mn treated
young rats exhibited increase in the escape
latencies (24.56±1.2 on 1st day, 24.2±1.8 on 2nd

day, 21.02±2.2 on 3rd day and 21.3±1.9 on 4th

day). The escape latency however greatly
reduced in Pb+Mn-exposed rats supplemented
with Ca2+ (16.54±2.3 on 1st day, 17.86±1.7 on 2nd

day, 16.32±2.3 on 3rd day and 16.2±3.1 on 4th

day).

Reversal phase: During the spatial discrimination
of reversal task, the submerged platform was
shifted to south quadrant. All the groups initially
spent more time in north quadrant and then
reached to the south quadrant. In the first session,
there was not much difference in all treated and
control groups. From the Fig. 5, it is evident that
the control rats showed mean latencies of
10.29±1.2 on 1st day, 10.01±1.5 on 2nd day,
8.27±0.9 on 3rd day and 8.72±0.9 on 4th day. The
Pb+Mn-treated young rats exhibited increase in
the escape latencies (19.7±1.3 on 1st day,
18.02±1.9 on 2nd day, 18.01±2.1 on 3rd day and
16.09±2.2 on 4th day). The escape latency
however greatly reduced in Pb+Mn-exposed rats
supplemented with Ca2+ (14.408±1.5 on 1st day,
14.02±1.7 on 2nd day, 12.02±1.9 on 3rd day and
11.62±2.2 on 4th day).

Working memory: As the platform is changed
to different quadrants in working memory, the
escape latencies were greater than acquisition
and reversal phases. However, all the control as
well as Pb+Mn-exposed rats took lesser time to

Fig.5. Average escape latency (time in seconds) of control,
Pb+Mn exposed and Ca supplemented rats to find the hidden
plat form during the reversal phase (the platform was
changed to opposite quadrant). Rats were exposed to 0.2%
lead acetate through drinking water and Mn (2.5 mg/kg)
intraperitonially daily for a period of 21 days. Calcium
(0.02%) was added in 0.2% Pb water. Each bar represents
mean ± SD (n = 6). The changes are significant at P<0.05-
0.001.    : Control Animals,     : Lead and Manganese Exposed
Animals,    : Calcium supplemented animals

Fig.6. Average escape latency (time in seconds) of control,
Pb+Mn exposed and Ca2+  supplemented rats to find the
hidden plat form during the working memory phase (the
platform was kept in four different quadrant). Rats were
exposed to 0.2% lead acetate through drinking water and
Mn (2.5 mg/kg) intraperitonially daily for a period of 21
days. Calcium (0.02%) was added in 0.2% Pb water. Each
bar represents mean ± SD (n = 6). The changes are significant
at P<0.005-0.01.
(a): Control animals, (b): Pb+Mn  exposed animals and (c):
Ca2+ supplemented animals : Escape stand hidden in south
side and rats were allowed from north, east and west : Escape
stand hidden in east side and rats were allowed from west,
south and north : Escape stand hidden in west side and rats
were allowed from east, south and north
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locate the hidden platform kept in north quadrant
from all the three directions suggesting the
retention of earlier acquisition (Fig. 6). As in the
case of acquisition and reversal phases, Pb+Mn-
exposure exhibited greater impairments in working
memory also.

Acetylcholinesterase: Among the different brain
regions studied, the specific activity of
synaptosomal AChE in control rats was recorded
highest in hippocampus, followed by cerebral
cortex and cerebellum. Incase of Pb+Mn treated
animals, a decrease in the activity of AChE was
observed in all the three brain regions i.e.,
hippocampus followed by cerebral cortex and
cerebellum.The animals which received calcium
together with Pb+Mn indicated significant
recovery in AChE activity in all the three brain
regions (Fig. 7).

Adenosine triphosphatases: The specific
activity of Na+K+ ATPase was recorded highest
in cerebral cortex (0.282), followed by
hippocampus (0.217) and cerebellum (0.146) in
the control rats. Incase of  Pb+Mn treated rats, a
decrease in the Na+K+ ATPase activity was
recorded in all the brain regions, i.e., cerebral
cortex (0.211) followed by hippocampus (0.172)
and cerebellum (0s.101). However, calcium
supplementation to Pb+Mn, reversed the inhibitory
effect of Pb+Mn in all the brain regions; i.e.,
cerebral cortex (0.256) followed by hippocampus
(0.198) and cerebellum (0.124) (Fig.8).

In the control rats, the activity of Mg2+

ATPase was recorded highest in hippocampus
(0.894) followed by cerebral cortex (0.783) and
cerebellum (0.624). Pb+Mn treated rats exhibites
significant decrease in Mg2+ ATPase activity in
all the three brain regions. i.e., hippocampus
(0.717) followed by cerebral cortex (0.712) and
then cerebellum (0.526). Calcium supplementation
to Pb+Mn, however, reversed this effect
producing a marginal increase in the Mg2+ ATPase

activity, i.e., hippocampus (0.768) followed by
cerebral cortex (0.754) and cerebellum (0.601)
(Fig.9).

Fig.7. Effect of Pb+Mn exposure on AChE activity in
cerebral cortex, hippocampus and cerebellum. Rats
were exposed to 0.2% lead acetate through drinking
water and Mn (2.5 mg/kg) intraperitonially daily for a
period of 21 days. Calcium (0.02%) was added in 0.2%
Pb water. Each bar represents mean ± SD (n = 6). The
changes (values marked with asterisk *) are significant
at p<0.001.

Fig.8. Effect of Pb+Mn exposure on Na+K+ ATPase
activity in cerebral cortex, hippocampus and
cerebellum. Rats were exposed to 0.2% lead acetate
through drinking water and Mn (2.5 mg/kg)
intraperitonially daily for a period of 21 days. Calcium
(0.02%) was added in 0.2% Pb water. Each bar
represents mean ± SD (n = 6). The changes (values
marked with      asterisk *) are significant at p<0.001.
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Discussion
Our recent work (22, 23) has shown

inhibitory effect of Pb on AChE activity in the
developing nervous system and reversal effect
with calcium supplementation. Keeping in view
of these findings, the present study was aimed at
examining the combined effect of Pb and Mn-
exposure on the activity of AChE and ATPases
as well as locomotor and cognitive behaviour, and
the protective effect of calcium supplementation.

Control animals showed higher
frequency of all the open field responses
(crossings, rearings, sniffings and grooming)
where as significant decrease was observed in
open field responses of Pb+Mn-exposed rats
compared to controls. The open field test has been
widely used to assess emotional reactivity/anxiety.
It provides measures of locomotor activity (15).
The memory of habituation in the open field is
processed by the hippocampus, which is believed
to be a target for metal neurotoxicity.

In the present study, the cognitive deficits
in Pb+Mn-exposed rats were examined by water
maze swim tasks. As the platform is changed to
different quadrants in working memory, the
escape latencies in working memory were greater
than acquisition and reversal phases. However,
all the control as well as Pb+Mn-exposed rats
took lesser time to locate the hidden platform kept
in north quadrant from all the three directions
suggesting the retention of earlier acquisition.

The impaired performance in water maze
swim tasks of Pb+Mn exposed rats can be
attributed to motor impairments because there
were significant differences between swim
latencies in control and Pb+Mn exposed groups.
These results demonstrate that chronic exposure
to Pb+Mn, causes learning impairment by way
of deficits in both working memory and reference
memory. Thus, the results of our behavioral
studies indicate that the ability needed to solve a
complex task is more affected by the combined
exposure of Pb and Mn. However Ca2+

supplementation significantly reversed the Pb+Mn
induced behavioral impairments.

The nervous system is the primary target
for the Pb-exposure and the developing brain
appears to be especially vulnerable to Pb
neurotoxicity (3-5).  Pb has high affinity for the
free sulfhydril groups in enzymes and proteins
and its binding can alter their correct function in
numerous processes (24, 25).  This may be the
reason for the observed inhibition of AChE
activity.  The alteration in the motor activity is
one of the most studied effect of the intoxication,
but learning impairments, in particular, caused by
Pb has been described at very low doses and
included a decrease in the intelligence quotient
as well as memory (26). Therefore, a significant
decrease in open field behavior and cognitive
behavior in Morris water maze were observed
with combined exposure to Pb+Mn.

Fig.9. Effect of Pb+Mn exposure on Mg2+ ATPase
activity in cerebral cortex, hippocampus and
cerebellum. Rats were exposed to 0.2% lead acetate
through drinking water and Mn (2.5 mg/kg)
intraperitonially daily for a period of 21 days. Calcium
(0.02%) was added in 0.2% Pb water. Each bar
represents mean ± SD (n = 6). All values marked with
asterisk (*) are significantly (p<0.01) different from
control.

Ram Kumar et al



1201Current Trends in Biotechnology and Pharmacy
Vol. 5 (2) 1193-1205  April 2011. ISSN 0973-8916 (Print), 2230-7303 (Online)

A generalised reduction in brain cholinergic
function has been reported in Pb-treated rats.
Exposure to Pb resulted in a decrease in the AChE
activity in cerebellum and hippocampus at various
post natal time points (22). Neonatal exposure to
Pb altered the muscarinic receptor density (27)
which account for the deficits in central cholinergic
functions (28). The results of our present study
are in agreement with these findings.

The alterations in AChE activity during
early postnatal development could be related with
the fact that Pb crosses the blood brain barrier
quite readily (29). The inhibitory effect of Pb on
AChE activity also reflected in alterations in the
motor activity (30, 5). The results of the present
study showed maximum alterations in AChE
content in hippocampus of Pb-treated rats. The
cholinergic synapses are more in hippocampus
as compared to cerebral cortex and cerebellum
(31).  AChE inhibition in this area leads to
cognitive and non cognitive alterations as this is
the principle area for memory and cognition. The
fact that the hippocampus develops late (32) and
sequester, Pb, primarily in the mossy fibre
pathway (33) would put this structure at particular
risk for damage following early Pb-exposure.

Since the cholinergic system is
responsible for the behavioral manifestations, any
alteration in the cholinergic system would be
reflected in the behavior. In the present study,
the observed alterations in cholinergic system
have greatly influenced the open field behavior
of rats exposed to Mn and Pb. The memory and
spatial discrimination tasks in Morris water maze
also decreased suggesting the hippocampal
damage due to Pb+Mn exposure.

Supplementation with Ca2+ reversed the Pb
and Mn induced inhibition in AChE activity. The
reversal of inhibition in the activity of AChE by
supplementation with Ca2+ may be due to
competition of these metals for similar binding

sites and reducing the availability of binding sites
for Pb or Mn.

Ca2+ is a divalent cation just like Pb.
Because the same transport mechanism is
operative for absorption of Pb and Ca2+ from the
gastrointestinal tract there is resulting competitive
interaction between Pb and Ca2+  (34). Studies
have shown that Pb has an inhibitory effect on
the peripheral nervous system through stimulus
coupled or Ca2+ dependent release of
acetylcholine (35) and this inhibitory effect of Pb
at the neuromuscular junction and the ganglion
was similar to the effect of reducing the
concentration of Ca2+ in bathing media of neural
preparations; so it is not surprising that this
inhibitory effect of Pb can be overcome by the
addition of Ca2+. Absorption of Pb by
gastrointestinal tract is inversely related to the
amount of Ca2+ present (36, 37). Furthermore
Ca2+ supplements had a protective effect by
significantly reducing blood Pb levels in pregnant
women whose diets were deficient in Ca2+ (38,
39). Ziegler et al., (40) observed an inverse
relationship between dietary Ca2+ and Pb
retention and absorption in young infants.

Pb+Mn-exposure exerted inhibitory
action on the activity of enzymes Mg2+, and
Na+K+ATPases in the developing brain. Heavy
metals such as Pb can bind to a number of sites
on proteins including imidazole, histodyl, carbonyl
and especially sulfhydryl side chains (41). Heavy
metals have great affinity for ATPase system and
they interact with enzyme molecule resulting in
the inhibition (42). Pb has been reported to inhibit
Na+K+ATPase of mammalian tissues (43, 44) and
also interferes with mitochondrial function and
blocks the O

2
 uptake. Bhaumik and Raychudhari

(45) reported that the inhibition of Na+K+ATPase
may be due to the flow of the Na+ K+ ions from
the tissues to the blood.  The decrease in the
Mg2+ATPase activity might be due to low
operation of oxidative pathway, resulting in
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decreased formation of free energy and altered
cellular energy metabolism (46).

The combination of Pb2+ and Mn2+

produced a pronounced decrease in the activity
of Na+ K+-ATPase, but the magnitude of the
change was the sum of the individual metal
effects. (47). It is known that brain derived
Na+K+ATPase is among the enzymes particularly
affected by Pb (48-50). The decrease of
Na+K+ATPase activity can change the gradients
of Na+ and K+ across the cell membrane and can
be the cause of the disturbances in
neurotransmitters levels (50).

The observed high activity of ATPase in
the cortex, cerebellum and hippocampus regions
of the brain suggests the involvement of these
regions in different behavioral functions. It is
known that the level of ATPase parallels the
metabolic demands of different regions of rat brain
and the differential sensitivity to Pb+Mn
neurotoxicity in these brain regions is not due to a
preferential metal accumulation, but is possibly
due to alteration of biochemical or cellular
processes that are uniquely associated with, or
greatly enhanced in a particular region (51, 8).
Regional variations in AChE and ATPases activity
levels observed in different brain regions could
be due to structural and functional differences in
brain regions. Addition of   Ca2+ reduced the
effects of Pb+Mn on the activities of AChE and
ATPases in brain regions. The supplemented Ca2+

may compete for similar binding sites as that of
Pb and Mn. Supplementation with Ca2+ decreases
Pb gastrointestinal absorption and decreases
tissue accumulation (52). Thus Ca2+ replaces Pb
and Mn in the body reducing the Pb+Mn-burden
in the body.

Thus, from the present study, it is evident
that exposure to a combination of Pb and Mn
inhibited the activities of both Mg2+ATPase and
Na+K+ATPase enzymes as well as AChE leading

to decrease in motor and cognitive functions.
Calcium supplementation significantly reversed
these alterations in enzyme activities as well as
behavioral functions suggesting therapeutic role
of calcium for Pb+Mn induced neurotoxicity.
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Indian Government will universalise secondary
education: President of India Pratibha Patil recently
emphasized on Right to Education for primary
schooling and government committed to universalize
the secondary education through Rashtriya
Madhyamik Shiksha Abhiyan.  Further announced in
budget session that Girls’ hostels are being set up in
3,500 educationally backward blocks in the country to
bring secondary education to all.

Moment of immense tragedy for Japan: Prime Minister
of India Dr. Manmohan Singh said, “This is a moment
of immense and grave tragedy for Japan”. Dr. Singh
expressed heart-felt condolences to Japan and said
India stands in full solidarity with the people of that
country.  He said in Parliament that “I am confident
that this House will join me in reiterating the heartfelt
condolences of people of India to the friendly people
of Japan and extending our prayers and thoughts to
them during this most horrific disaster”.

Peace needed for development: President Pratibha
Devisingh Patil underscored the need for peace to
usher in development so that people can devote their
energy to cultural, educational, social and economical
development. Addressing the public at the Naga
Heritage Village, Kisama, on her maiden visit to the
state, the President made a fervent appeal to the people
of Nagaland to ensure an atmosphere of peace and
tranquility. She asserted, people must work together
as one unit, whatever tribe they are from, whatever
region they may come from, and whatever community
they may belong to in order to add to the overall
progress of the nation. Asserting that our nation is
moving ahead to be counted as one of the major
economies of the world, she said our objective remains
to have a high economic growth rate and to have an
inclusive growth process.

Bacterial Computers: Genetically
Engineered Bacteria have Potential to Solve
Complicated Mathematical Problems

A research team at Missouri Western State
University in Missouri and Davidson College in North
Carolina, USA engineered the DNA of E.coli, creating

bacterial computers capable of solving a classic
mathematical problem known as the Hamiltonian Path
Problem. The Hamiltonian Path Problem asks whether
there is a route in a network from a beginning node to
an ending node, visiting each node exactly once. The
genetic circuitry of the bacteria was modified to enable
them to find a Hamiltonian path in a three-node graph.
Bacteria that successfully solved the problem reported
their success by fluorescing both red and green,
resulting in yellow colonies. The findings of the
research demonstrate that computing in living cells is
feasible, opening the door to a number of applications.
The second-generation bacterial computers illustrate
the feasibility of extending the approach to other
computationally challenging math problems.

Anshul Sarvate

Microwave Pre-Cooking of French Fries
Reduces Cancer Chemicals

Microwaving the French fries before frying them
reduces the levels of a cancer-causing substance. The
discovery of acrylamide - a possible carcinogenic in
humans — has led to much research being done to
investigate the benefits of alternative cooking
methods. Acrylamide forms during processes such as
frying, baking and roasting where high-temperature
and low-moisture conditions exist. Microwave
application prior to frying resulted in a marked
reduction of the acrylamide level in the surface region.
When the potato strips were subjected to frying after
a microwave pre-cooking step, acrylamide content in
the whole potato strip was reduced by 36%, 41% and
60% for frying at 150, 170 and 190oC respectively.
Microwaving French fries before cooking takes little
time and in fact, microwave pre-cooked samples fried
to the same degree of cooking appeared to have a
more acceptable colour, probably due to the more
gentle heat treatment they experienced during frying.

Pavithra V

Found: The Apple Gene for Red

CSIRO researchers have located the gene that
controls the colour of apples — a discovery that may
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lead to bright new apple varieties. The leader of the
CSIRO Plant Industry research team, Dr Mandy Walker
said that red colour in apple skin is the result of
anthocyanins, the natural plant compounds
responsible for blue and red colours in many flowers
and fruits. Using the latest molecular technology, how
much particular genes were activated, or expressed, in
apple skin as the fruit ripened and coloured was
measured. The gene requires light for activation. By
identifying master genes that were activated by light,
the gene that controls the formation of anthocyanins
in red apples was expressed, and it was found that in
green apples this gene is not expressed as much as in
red apples. In collaboration with apple breeders at the
Department of Agriculture and Food in Western
Australia (DAFWA), the scientists were able to show
that fruit colour can be predicted even in seedling
apple plants by measuring the form of this gene that is
present.

Deblina Dey

EDUCATION

PhD/Post Doctoral Programs

Post-doctoral/ Research Scholar/Research
Associate/Research technicians: Positions are
available immediately in Nanomedicine Research
Center, University of South Florida in the laboratory
of Dr. Narasaiah Kolliputi to investigate the cellular
and molecular mechanisms of oxidant mediated lung
injury and pro-inflammatory effects in the lungs with
special emphasis on inflammasome, redox signaling
and microRNA regulation. The successful candidates
will join a vibrant team in studying the oxidative stress,
inflammasome regulation, microRNA and pro-
inflammatory gene regulation in cell culture and animal
models. Expertise in cell culture, biochemical and
molecular biology techniques and animal work (mouse)
is desirable. For Research Associate/Postdoc
positions, PhD or MD/PhD in Life Sciences is required.
For Research technician MS or BS with research
experience is required.  Please send a cover letter and
CV by email to:  Narasaiah Kolliputi, PhD, Assistant
Professor, Nanomedicine Research Center, Division
of Allergy and Immunology, Internal Medicine, College
of Medicine, University of South Florida, 12901 Bruce
B. Downs Blvd, Tampa, FL 33612, Phone: 813-974-5419,
Fax: 813-974-8575, Email: nkollipu@health.usf.edu

Post Doctoral Positions: Opportunities are available
with Dr Raman Garg, Chief Mentor, Rukmini Devi Group
of Institutions which are run under the agies of Seth
Pokhar Mal Educational Society (www.spmes.org).
Interested candidates can contact Prof (Dr) Raman
Garg, Chief Mentor & Research Head, Rukmini Devi
Group of Institutions. C/o Seth Pokhar Mal Educational
Society (SPMES), info@rdcecn.org, www.spmes.org.

Post-Doctoral Positions: Two post-doctoral positions
are immediately available for highly motivated
researchers to study molecular mechanisms of skeletal
muscle growth and wasting. Research involves the
use of genetic mouse models, immunohistochemistry,
and cell culture techniques. Strong background in
molecular biology and biochemistry techniques are
must. Prior experience with micro RNAs, epigenetic,
promoter analysis, flow cytometry, and/or metabolism
studies will be a plus. Interested candidates should
submit their curriculum vitae along with contact
information for 2-3 references to: Ashok Kumar, Ph.D.,
Anatomical Sciences and Neurobiology, University
of Louisville School of Medicine, Louisville, KY 40202.
Email: ashok.kumar@louisville.edu.

OPPORTUNITIES
Centre for Research in Nanoscience and
Nanotechnology, University of Calcutta, Kolkata,
India- 700 019. Applications are invited from eligible
candidates to work as Project Fellows under
supervision of Principal Investigators in Department
of Biochemistry, Botany, Chemical Technology,
Zoology & Radio Physics & Electronics. Essential
Qualifications are M. Tech or M. Sc or Post-B. Sc., B.
Tech in the relevant discipline. GATE/NET qualification
is desirable. Candidates with Ph.D. degree may also
be considered. Resumes can be sent to Prof D. J.
Chattopadhaya, Director of Centre for Research in
Nanoscience and Nanotechnology on or before 28th
May 2011. Date and Time of Walk-in-Interview: 3rd
June, 2010. on 02:00 PM. Venue: 2nd Floor, Seminar
Room, Department of Chemical Technology, 92, A. P.
C. Road, Kolkata – 700009. Emoluments:
Commensurate with the selected candidate’s
qualification and experience as per university norms.
The candidates are requested to bring their original
certificates (or provisional postgraduate certificate)
along with a set of attested copies.
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National Institute of Immunology (NII) (an autonomous
research institute), Aruna Asaf Ali Marg, New Delhi,
India –110067. Applications are invited from eligible
candidates for the post of Staff Scientist-II in the Pay
Band (PB-3) of Rs 15600-39100 with Grade Pay of Rs
5400 plus allowances as per GOI rules. Essential
Qualifications Ph.D with 1 year Post Doctoral
experience in relevant field. Preference will be given to
candidates with authorships in National/International
Patents. Last date for applications is 12 April 2011.
Age limit: The upper age limit is 35 years relaxable for
SC/ST/OBC & PH candidates in accordance with GOI
rules. Interested candidates may submit their
applications duly completed to the Senior Manager
on a plain paper in the prescribed format which can be
downloaded from the website, along with attested
copies of certificates of academic & professional
qualifications, present position and past experience,
Caste/PH certificate (if applicable), a recent photograph
and a Demand Draft of Rs 1001- (SC I STI PH and
women candidates are exempted from payment of fees)
drawn on any Bank, payable at Delhi NII New Delhi in
favour of Director, National Institute of Immunology
latest by 12/04/2011. Information can also be obtained
from Nil URL: www.nii.res.in.

SEMINARS/WORKSHOPS/CONFERENCES
Hands-on Workshop on Molecular Biotechnology and
Bioinformatics: A workshop on Molecular
Biotechnology and Bioinformatics was going to held
on May 16-20, 2011 at International Institute of
Information Technology (IIIT), Pune, India organized
by School of Biotechnology, International Institute of
Information Technology, P-14, Rajiv Gandhi Info Tech
Park, Hinjewadi, Phase - I, Pune-411 057, India.
Deadline for abstracts/proposals: 2 May 2011.
Registration Fee- Rs. 6000/- (includes tea and food for
5 days). Oncampus accommodation charges extra @
Rs. 400/- per day per person. Register online at the
following website - http://www.isquareit.ac.in/
biotechworkshop. For further details contact: Prof. Dr.
Sheo Mohan Singh, Msc (UK), PhD (Germany), PDF
(UK, USA), School of Biotechnology, International
Institute of Information Technology, P-14, Rajiv Gandhi

Info Tech Park, Hinjewadi, Phase - I, Pune, India-411
057. Phone – 095450 89202. Email –
sheos@isquareit.ac.in.

4th International Congress of Environmental
Research: An International conference on
Environmental Research will be held during December
15-17, 2011 at Sardar Vallabhbhai National Institute of
Technology (SVNIT), Ichchhanath, Surat, Gujarat,
India organized jointly by Journal of Environmental
Research and Development (JERAD) A-6, Comfort
Garden, Janki Nagar, Chuna Bhatti, Bhopal – 462016
(India) and Sardar Vallabhbhai National Institute of
Technology (SVNIT), Ichchhanath, Surat, Gujarat
(India). Deadline for abstracts/proposals: 16 June 2011.
Abstract can be submitted online through E-mail:
icer2011@gmail.com. For further information contact:
Professor Subhash C. Pandey, Editor-In-Chief, Journal
of Environmental Research And Development,
Director, International Congress of Environmental
Research, A-6, Comfort Garden, Janki Nagar, Chuna
Bhatti, Bhopal (INDIA). PIN – 462016. Phone : +91-
755-4222030. Mobile: +91 9825138685, +91 9426185768,
+230 947 5319, +66-89206-9970. E-mail:
icer2011@gmail.com.

2nd International Conference on Stem Cells and
Cancer (ICSCC-2011): An International conference
on Stem Cells and Cancer will be held during October
15-18, 2011 at International Institute of Information
Technology (I2IT), Pune, India organized by School of
Biotechnology, International Institute of Information
Technology, P-14, Rajiv Gandhi Info Tech
Park, Hinjewadi, Phase - I, Pune-411 057, India.
Deadline for abstracts/proposals: 31 July 2011. The
online registration is now open at http://
www.eregnow.com/icscc2011 where you can register,
upload the abstract and pay online by credit/debit/net
banking facility. For further details contact: Prof. Dr.
Sheo Mohan Singh, Msc (UK), PhD (Germany), PDF
(UK, USA), School of Biotechnology, International
Institute of Information Technology, P-14, Rajiv Gandhi
Info Tech Park, Hinjewadi, Phase - I, Pune, India-411
057. Phone –095450 89202. Email –
icscc2011@gmail.com, icscc2011@isquareit.ac.in.
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(December 7-9, 2011)

Venue:  Karunya University, Karunya Nagar,
Coimbatore – 641 114, Tamilnadu, India

Broad Areas of Focus
Oxidative stress, Free radicals and Antioxidants

Free Radical and Cancer
Life style diseases

Herbal Drugs, Nutraceuticals in
experimental therapy

Immunomodulators and Radioprotectors
Immunopharmacology

Toxicology
Translation Research

Pharmaceutical Biology
Drug Metabolism and Drug Interactions

Complementary and Alternative Medicines

Contact for further details
Dr.  Guruvayoorappan Chandrasekaran

Organizing Secretary
Department of Biotechnology,  Karunya University

Coimbatore – 641 114, Tamilnadu, India
Email - gurukarunya@gmail.com




