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metabolism and partially reduced or activated derivatives
of oxygen (H

2
O

2
, O

2
-) are highly reactive and can lead to

oxidative destruction of cells, which in turn leads to
impairment of various physiological and biochemical
processes in the cell.  Plants can respond to stress through
their anti-oxidant system which is composed of non-
enzymatic antioxidants such as Glutathione (GSH),
Carotenoids (5) and enzymatic antioxidants such as Super
oxide dismutase (SOD) capable of destroying the O

2
- and

of transforming into H
2
O

2
 which later will be eliminated

by the action of Catalase (CAT) and Glutathione peroxidase
(GPx). Seedlings are used to test tolerance because of their
high sensitivity to toxins during the germination stage (6).

Materials and Methods
Seeds of Mung bean (Phaseolus vulgaris L.) were

obtained from Andhra Pradesh State Seed Corporation and
healthy seeds were washed thoroughly with tap water,
allowed to imbibe in water for 5hr and spread over moist
filter paper in Petri dishes. Controls were maintained with
distilled water and other lots of seeds were treated separately
with 0.4mM (T

1
) and 0.7mM (T

2
) concentrations of BPA

dissolved in distilled water. Seedlings were maintained under
natural day light (12h) for  4 days at day and night
temperatures of 30±2oc. Seedlings removed  on 3rd  and 4th

day of germination and  were used for the experiments.

Introduction
Bisphenol-A (BPA:2,2 bis 4-hydroxy phenyl propane)

is an important industrial chemical extensively used as a
monomer in the fabrication of hard and transparent
polycarbonate plastics, epoxy resins and unsaturated
polyester-stryene and is used in all  such as infant feeding
bottles, food and drink packaging,  electrics and electronics
etc.(1).  BPA is synthesized to a tune of about 3.7 million
tonnes/year world wide. As a result BPA contamination in
the environment was repeatedly confirmed in the waste
water effluents, raw sewage & sewage sludge. Since
agriculture soils are often enriched with activated sewage
sludge, biosolids that may contain BPA, organisms dwelling
in the soil and of course rooted plants could encounter BPA
from that source (2).   Hydrolysis of ester bonds of plastic
polymers of food and beverage packing or storage containers
can potentially release BPA into food stuffs and beverages
and therefore be digested raising great concern about the
possible hazards for consumers(3).

Plants and seedlings can rapidly absorb BPA through
their roots from water and translocate it to their leaves (4).
The highest amount of oxygen in plant cells are formed in
chloroplasts, and mitochondria. Toxic byproducts of aerobic
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ABSTRACT

Bisphenol-A is identified as a potential reproductive and developmental toxin as well as hormone
disturbing chemical leading to a variety of health effects. BPA has been shown to exert estrogenic
effects in animals, however its biochemical effects on plants were not studied widely. The present
work was aimed to elucidate the mechanism of action of   bisphenol-A at different concentrations on
oxidative metabolism and on chlorophyll levels during different days of germination period in Mung
bean seedlings. Results  showed that  MDA levels decreased with increasing concentrations of
Bisphenol-A and there was  32% & 52% reduction on 3rd day of germination at 0.4mM and 0.7mM
BPA concentration respectively.   Further BPA treatment showed increased activity of antioxidant
enzymes such as SOD, CAT & GPx and non enzymatic antioxidants such as Glutathione and
Carotenoids. An induction in chlorophyll and protein levels  with increasing concentrations of
Bisphenol-A was also observed.
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January - March 2014 4 Journal of Pharmacy and Chemistry • Vol.8 • Issue.1

Increasing concentrations of BPA decreased MDA
levels and it was found to be 32% & 52% reduction on 3rd
day at 0.4mM and 0.7mM concentrations respectively.
Whereas, it was reduced to 74% with 0.7mM of BPA
concentration on 4th day of germination.  Significant
induction in GSH levels observed on 4th day compared to
3rd day and it was 56% and 60% on 4th day compared to
22% and 50% on 3rd day with 0.4mM & 0.7mM
concentration of BPA respectively (Table. 2)

Significant induction in SOD and CAT activities with
increasing concentrations of BPA was observed.  The
percentage of induction in SOD activity is 41% & 77% on
3rd day and 45% & 60% on 4th day with 0.4mM and
0.7mM concentration of BPA respectively. CAT activity
increased significantly to 36% & 47% on 3rd day with
0.4mM & 0.7mM of BPA concentration respectively
(Table.3)

Five replicate experiments were conducted to obtain the
results.  Analysis of the parameters was carried out as
Chlorophyll content by Arnon (7), Carotenoids by
Lichtethaler, H.K (8), lipid peroxides as thiobarbituric acid
(TBA) reaction by Heath and Packer (9), SOD activity was
according to Misra and Fridovich (10), Catalase activity
was of Beers and Sizer (11), Protein content was by Lowry
et al., (12), Glutathione peroxidase activity by Rotruck et
al., (13), Glutathione was by Ellman(14).

Results
Increased chlorophyll and carotenoid levels were

observed with BPA treatment. The percentage of increase
in carotenoid levels was 53% and 70% on 4th day with
0.4mM & 0.7mM concentration respectively. Chlorophyll
levels increased to 40% & 46% on 3rd day with 0.4mM &
0.7mM concentration of BPA respectively (Table.1).

Table-1

Effect of Bisphenol-A on Chlorophyll and Carotenoid levels

Parameter
3rd day 4th day

C T
1

T
2

C T
1

T
2

Chlorophyll 0.57 ± 0.005 0.95*± 0.003 1.05*± 0.016 1.81 ± 0.013 2.20* ± 0.46 2.42* ± 0.13
(mg/g wt)

Carotenoids 0.15 ± 0.003 0.17*± 0.007 0.19*± 0.008 0.85 ± 0.03 1.84* ±0.042 2.8* ±0.06
(mg/g wt)

Values are mean concentrations ± SD p<0.001
Table-2

Effect of Bisphenol- A on MDA and GSH levels

Parameter
3rd day 4th day

C T
1

T
2

C T
1

T
2

MDA 55.45± 0.44 37.42*± 0.41 26.6*± 0.24 29.6± 0.49 27.08*± 0.36 7.68*± 0.22
(µ moles/g wt)

GSH 0.12± 0.002 0.15*± 0.001 0.23*± 0.008 0.35± 0.002 0.80*± 0.003 0.87*± 0.003
(mg/g wt)

Values are mean concentrations ± SD p<0.001
Table-3

Effect of Bisphenol A on SOD and Catalase activities

Parameter
3rd day 4th day

C T
1

T
2

C T
1

T
2

SOD (units/ 0.021± 0.001 0.034*± 0.002 0.090± 0.001* 0.022± 0.002 0.040*±0.002 0.050*±0.002
mg protein)

Catalase (units/ 0.32± 0.004 0.51*± 0.01 0.62*± 0.01 1.56± 0.04 2.38*± 0.06 2.76*± 0.09
mg protein)

Values are mean concentrations ± SD p<0.001
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GPx activity increased on 4th day to 22% and 49%
with 0.4mM and 0.7mM concentration of BPA respectively
(Fig.1). Increased levels of protein observed with increasing
concentration of BPA both on 3rd and 4th day whereas
maximum protein induction was observed with BPA
treatment on 3rd day (Fig.2).

Fig. 1. Effect of BPA on GPx activity
         Values are mean  ± SE    p<0.001

Fig. 2. Effect of BPA on protein levels
             Values are mean  ± SE    p<0.001

Discussion
Chlorophyll content is an extremely important

parameter in estimating the plant production level. One of
the sources of ROS is the chloroplasts because of the
photoactive nature of chlorophyll (15). Adverse effect on
chlorophyll  synthesis ultimately reduced photosynthetic
activity. Inhibition of this pathway also leads to the
accumulation of tetrapyrrole intermediate products. These
intermediates readily excite upon illumination and interact
with molecular oxygen to generate ROS. To reduce the
production of ROS, plants developed various enzymatic
and non enzymatic protective mechanism.

BPA driven acceleration of tetrapyrrole metabolism
results in stimulated chlorophyll biosynthesis (16). It was
already reported that BPA shows cytokinin  like activity on
growth and shoot differentiation in plants (17). Chloroplasts
are among the main targets of cytokinin action in plant

cells. Numerous plant developmental processes have been
found to be influenced by cytokinin like inhibition of leaf
senescense (18). Exogenous application of cytokinin
increased chlorophyll content, because cytokinins promote
conversion of etioplasts into chloroplasts via stimulation of
chlorophyll synthesis. Increased chlorophyll content with
BPA treatment may be due to cytokinin like action.

Carotenoids are organic pigments found in chloroplasts.
Chemically they are tetraterpenoids. They absorb light
energy for use in photosynthesis and protect chlorophyll
from photodamage. Carotenoids are efficient free radical
scavengers. Most of the carotenoids have antioxidant
activity. Increased levels of carotenoids with BPA treatment
are responsible for reduction in oxidative damage.

Lipid peroxidation refers to the oxidative degradation
of lipids. MDA, a cytotoxic product of lipid peroxidation
has been proposed as a suitable marker of lipid
peroxidation(19). Cytokinins can also participate in removal
of ROS from the cell, showing direct antioxidant activity.
Treatment with cytokinin has the potential to reduce
oxidative stress in plants which may be the reason for
reduction in MDA formation with BPA treatment. A decrease
in the MDA formation was also observed in wheat plants
exposed to N- deficiency and treated with exogenous CKs
(20). Lack of induction of LPO in the plants during BPA
treatment support the cytokinin like activity.

Glutathione in plant chloroplasts play an important
role in protecting the photosynthetic apparatus from
oxidative damage. Most of the non protein –SH groups in
plants represent glutathione which is ubiquitous thiol
containing tripeptide which plays an important role as an
antioxidant to scavenge ROS through the oxidation of GSH
to GSSG.  Our results are in accordance with earlier reports
which show that increased synthesis of GSH under different
types of stress would prompt more tolerance of the plant
against stress (21).

Further the level of antioxidant enzymes may also
determine the sensitivity of plants to lipid peroxidation.
Antioxidant enzymes like CAT, SOD and GPx have been
identified as the enzymatic protectors against peroxidation
reactions (22).  Increased activity of GPx observed with
BPA treatment similar to Goran et al., (20). The activities
of SOD and CAT incraeased with the age of the seedling,
because they provide an effective mechanism for the
removal of free radicals from the cells. It was found that
cytokinins can increase the activity of antioxidant enzymes
and therefore delay the senescense of the plant tissue (23).

Increased levels of protein observed with BPA
treatment because hydroxyl radicals which are responsible
for destruction of proteins are not produced with treatment.
Our results are in consitent with Grill et al., (22). It was
already reported that cytokinin promotes the tetrapyrrole
biosynthetic pathway during plant development, protein
contents and enzyme activities (24).
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Earlier reports together with the results presented here
showing the lack of induction of lipid peroxidation with
BPA treatment during germination stage support the notion
of a role of cytokinins. The absence of oxidative stress was
also indicated by increased activity of antioxidant enzymes
such as SOD, CAT & GPx and non enzymatic antioxidants
such as glutathione and carotenoids.  The elevated
chlorophyll levels correlate the sharp decrease in MDA
formation with BPA treatment. All these results further
biochemically confirm that BPA shows cytokinin like
activity in plants during germination.
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Introduction
The development of TiO

2
 thin films is of particular

interest due to the numerous technological applications of
this inorganic oxide. Metal oxide semi conducting materials
appear to be one of the best candidates for gas sensing, as
they operate reversibly and usually have stable chemical
and thermal properties over extended periods of use [1].
TiO

2
 thin films are popular for such applications, where

changes in the film electrical conductivity can be related to
the physisorption and chemisorption of oxygen atoms [2,
3].Titanium dioxide has many excellent physical properties
such as a high dielectric constant, a strong mechanical and
chemical stability, as well as good insulating properties.
Due to its high refractive index and optical transmittance
in the visible range, TiO

2
 is especially suitable as material

for optical coating and protective layers for very large-
scale integrated circuits [4]. In the last decade, titanium
dioxide has also attracted a great deal of interest due to its
photo-catalytic behavior [5, 6]. The decomposition of
organic compounds on the surface of TiO

2
 and the reduction

of the contact angle between water and the surface of TiO
2

under UV irradiation results in self-cleaning and anti-
fogging effects [7]. It is well known that titania exhibits
three distinct crystalline forms apart from the amorphous
form: an orthorhombic one, the brookite and two tetragonal
phases, the anatase and the rutile [8, 9]. The occurrence of
anatase and rutile phase depends significantly on the method
and conditions of deposition as well as the substrate
temperature [10]. Each crystalline form is convenient for a

*Address for correspondence:
muttukuri.thaidun@gmail.com
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ABSTRACT

Thin films of TiO
2
 were deposited on quartz and p-Si (100) substrates held at room temperature by

sputtering of titanium target at various sputter powers in the range 80 - 200 W. The as-deposited
films were annealed in air for an hour at 1023 K. The annealed films were characterized by using
Fourier transform infra red spectroscopy, X-ray diffraction, Surface morphology, dielectric and optical
properties. The deposition rate of the films increased from 1.26 to  6.66 nm/min. with increase of
sputter power from 80 to 200 W.  TiO

2
 films formed at sputter power of 80 W and annealed at 1023

K were polycrystalline in nature with anatase phase crystallite size of 40 nm, dielectric constant of
10, optical band gap of 3.65 eV and refractive index 2.35.

Keywords: TiO
2
, Sputtering.

different purpose. While rutile is mainly desirable for optical
applications, anatase has more efficient photocatalytic
properties. Which structure is formed during the fabrication
of TiO

2
 thin films depends on the deposition technique, the

deposition parameters and the deposition configuration.

TiO
2
 films were prepared by various methods, such as

chemical vapour deposition, pulsed laser deposition, sol-
gel deposition, spray pyrolysis, plasma enhanced chemical
vapour deposition and DC/RF magnetron sputtering [11-
15]. However for most deposition techniques, a high
temperature by use of substrate heating or post-deposition
annealing is required for the growth of anatase or rutile
phases of TiO

2
 thin films instated of amorphous films.

Compared to other deposition methods, DC Magnetron
sputtering technique has significant importance because it
enables control of the structure, good adhesion on the
substrate of deposited films, high density and homogeneity,
composition and properties of TiO

2
 films by adjusting the

deposition conditions. This results in high quality thin films
with thickness uniformity over large areas and well
controlled stoichiometry.

Experimental
Thin films of TiO

2
 were deposited on silicon and quartz

substrates by sputtering of titanium target under various
oxygen partial pressures using the DC modes. The TiO

2

films were deposited at oxygen partial pressure of 5x10-2

Pa and at a fixed substrate temperature of 303 K and at
different sputtering powers in the range 80 – 200 W. The
as-deposited films were annealed in air at 750oC for 1 hour.
In order to study the dielectric properties of the titanium
dioxide films, the MOS capacitor with the structure of metal/
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oxide/semiconductor (Al/TiO2/p-Si) was fabricated. The
TiO

2
 films were deposited on p-type silicon substrate by

DC magnetron sputtering and the top electrode of aluminum
was deposited using Hind High Vacuum coating unit by
vacuum evaporation. The Si wafers were placed in Teflon
container. Insoluble organic contaminants in the wafer can
be removed by immersing the wafers in the organic clean
solution, which is maintained (5:1:1, H

2
O: H

2
O

2
: NH

4
OH)

for 10 minutes. Removed carrier form the organic clean
solution and rinse wafer in the deionized water for one
minute. Submerge the carrier with wafer in the oxide strip
solution (50:1, H

2
O:HF) for 15 seconds in order to remove

silicon dioxide that may be accumulated as a result of
organic clean. Then remove carrier from the bath and rinse
the wafer in deionized water for one minute. Finally
removed the substrates from the substrate carrier contained
deionized water and blown dry with nitrogen. The deposited
films were characterized by studying the chemical binding
configuration using Fourier transform infrared spectroscopy,
electron core level binding energies with X– ray
photoelectron spectroscopy, electrical and dielectric
properties from current-voltage and capacitance-voltage
measurements.

Result and Discussion
Figure 3.1 shows the X-ray diffraction profiles of the

films formed at different sputtering powers. TiO
2
 films

deposited at room temperature (303 K) were of X-ray
amorphous. The as-deposited films were annealed in air
for 1 hour at 1023 K. During DC reactive magnetron
sputtering, the particles generally impinge on the substrate
with energy in the range of 1–10 eV [16], which accelerates
the growth of sputtered TiO

2

Fig. 3.1: XRD profiles of TiO2 films at different sputter powers

films with anatase or rutile phase [17]. The films formed at
low sputtering power of 80 W showed four weak diffraction
peaks were obtained (101), (110), (004) and (200) reflections
at 2θ = 25.24, 33.1, 38.02 and 47.7o with low intensity
indicated the growth of TiO

2
 with anatase phase [18]. It

indicated that the films formed at 80 W and annealed at
1023 K were polycrystalline in nature with anatase phase
of TiO

2
. As the sputtering power increased to 120 W, in

addition to these peaks another diffraction peaks was
obtained  (110) planes at 2θ = 27.3o related to the rutile

phase of TiO
2
 indicated the presence of mixed phase [19].

The intensity of the reflections (101) was decreased with
the increase of sputtering power from 120 to 200 W
indicated the decrease in anatase phase TiO

2
. The full width

at half maximum was decreased related to the (101) plane
of anatase phase of TiO

2
 with the increase of sputtering

power indicated the decrease in crystallite size. The intensity
of (110) peak is increased and FWHM decreased with the
increase in sputtering power from 120 to 200 W indicated
the growth of rutile phase at higher sputter powers. The
crystallite size of the films was calculated using Debye-
Scherrer’s equation

L   = 0.89 λ / β cosθ ..... (1)

Here, λ is the wavelength of the X-rays, β the full
width at half maximum intensity of the peak and θ the
Bragg diffraction angle. The crystallite size of the anatase
TiO

2
 films decreased from 40 to 20 nm with the increase of

sputter power from 80 to 200 W. And the crystallite size of
the rutile phase TiO

2
 films were increased from 10 to

30 nm with the increase of sputter power in the range 80 –
200 W.

Fourier transform infrared spectra (FTIR) of TiO
2
 films

deposited at different sputtering powers are shown in figure
3.2. The FTIR spectra of the films deposited at low
sputtering power of 80 W showed a broad absorption band
at 438 cm-1 related to the stretching vibration of Ti-O-Ti in
anatase phase TiO

2
 [20]. When sputter power increased to

120 W, the absorption bands at 494 and 668 were observed
with minimum intensity. The band situated at 494 and 668
cm-1 related to the rutile phase vibrational mode of TiO

2

[21]. Further increase of sputtering power to 160 W, the
intensity of the bands at 494 and 668 cm-1 were increased
indicated the growth of rutile phase TiO

2
. The absorption

band seen at 438 cm-1 was decreased with the increase of
sputtering power indicated the anatase phase TiO

2
 decreased

with the increase of sputtering power. These results are
well supported to the X-ray diffraction studies.

Fig. 3.2 :  FT IR spectra of TiO2 films formed at different
    sputter powers

The dielectric constant was calculated from the
capacitance - voltage curves using the following formula,
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C = kε
o
A / t ..... (2)

Where C is the capacitance, k the dielectric constant
of the material, ε

o 
the permittivity of free space (8.85x10-

3fF/µm), A the area of the capacitor, and t the thickness of
the dielectric. The dielectric constant of the TiO

2
 films

formed at sputter power of 80 W was 10 and it increased to
35 with the increase of sputtering power to 200 W. Figure
3.3 shows the dependence of dielectric constant on sputter
power. The dielectric constant of the films increased with
the increase of sputter power. These annealed films at
different sputter powers leads to decrease of structural
defects, and change the phase transformation from anatase
to rutile phase, hence enhance in the dielectric constant of
the TiO

2
 films.

Fig. 3.3 Variation of dielectric constant with sputter power

The refractive index (n) of the films was determined
from the optical transmittance interference data employing
Swanepoel’s envelope method [22] using the equation:

n(λ) =  [N + (N2 – n
0

2n
1

2)1/2]1/2  and .....(3)

N = 2n
0
n

1
[(T

max
-T

min
)/T

max
T

min
] + (n

0
2+n

1
2) / 2 .....(4)

where T
max

 and T
min

 are the optical transmittance
maximum and minimum respectively. The variation of
refractive index (at 500 nm) as a function of sputtering
power is shown in figure 3.4. The refractive index of the
films at the wavelength of 500 nm decreased from 2.48 to
2.35 with the decrease of sputtering power from 200 to 80
W respectively. The low value of refractive index of the
films formed at low sputtering power of 80 W was due to
the single phase TiO

2
 films. The high value of refractive

index in the films formed at high sputtering power 200 W
was due to the presence of mixed phases of TiO

2
.
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Introduction
Oral route has been the commonly adopted and most

convenient route for the drug delivery.

Among various dosage forms, matrix tablets are widely
accepted for oral controlled release as they are simple to
formulate and easy to produce. Polymers and release
retarding materials used as matrix play a vital role in
controlling the drug release from matrix tablets. Ideal, oral
CR systems are reliant upon the dosage form to control the
rate of drug release with little or no effect from the intrinsic
properties of the drug1.

Though a variety of substances are available to serve
as release retarding materials for matrix tablets. The various
polysaccharides used in drug delivery application are
cellulose ethers, xanthan gum, locust bean gum and guar
gum. Another natural polysaccharide, Tamarind seed
polysaccharide (TSP) obtained from the seed kernel of
Tamarindus indica2, possesses properties like high viscosity3,
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ABSTRACT

The main objective of the study was to develop an oral sustained release Matrix Tablets of
Ciprofloxacin hydrochloride using natural Tamarind seed polysaccharideTsp (T1-T6) and synthetic
Poly methyl methacrylate PMMA (P1-P6) and combination of Tsp and synthetic PMMA (C1-C6)
with various concentrations by direct compression method. The Tsp was extracted from tamarind
kernel powder, it is a hydrophilic and rate controlling polymer. The prepared pre-compression blend
was evaluated for pre-compression tests and post-compression tests. All the formulations showed
compliance with pharmacopeia standards. The in vitro release study of matrix tablets was carried out
in phosphate buffer pH 6.8 for 12 hr. Among the formulations (T1-T6), T4 with 20%TSP showed
98.64% for 12 hrs., (P1-P6), P3 with 15% of PMMA showed 96.52% for 12 hrs, (C1-C6) C4
formulation with  (15% PMMA & 5%TSP) showed 98.47% for15 hrs. The results indicated that all
the above three types of formulations have shown sustained release action initially from 5hrs of pure
drug to 15hrs and further, hence the objective of the study has been achieved. The release data was
fitted to various mathematical models such as, Higuchi, Korsmeyer-Peppas, First-order, and Zero
order to evaluate the kinetics and mechanism of the drug release. All the formulations follow zero
order kinetics and the mechanism of the drug release through non-Fickian diffusion.
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broad pH tolerance, noncarcinogenicity, mucoadhesive
nature, and biocompatibility. It is used as stabilizer,
thickener, gelling agent, and binder in food and
pharmaceutical industries. Hydrophilic polymers when in
contact with water; they are hydrated to form a gel. Because
of this property natural gums have been reported as good
matrix materials for sustained release matrix tablets.

Ciprofloxacin comes under the category of Fluorinated
4-quinolones. It has a broad antimicrobial activity and is
effective after oral administration for the treatment of a
wide variety of infectious diseases. The aim of the study
was to formulate and evaluate ciprofloxacin hydrochloride
sustained release matrix tablets.

Materials and Methods
Ciprofloxacin Hydrochloride was obtained as gift

sample from Suzikem Drugs Pvt. Ltd. Tamarind Seeds were
obtained from market, Polymethylmethacrylate was
purchased from LG MMA CORP. Lactose, Magnesium
stearate, and Talcwas of S.D. Fine Chemicals.

*Address for correspondence:ynaga9999@gmail.com
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Isolation of TSP

The tamarind seeds were dried in a hot oven at 100oC
for 30 min and the seed coat was manually removed from
the seeds. Then, they were milled and ground through a
45mesh sieve.

TSP was isolated following the method reported by
Rao et al (1973). To 20g of tamarind kernel powder, 200ml
of cold distilled water was added and slurry was prepared.
The slurry was poured into 800ml of boiling distilled water.
The solution was boiled for 20 minutes under stirring
condition in a water bath. The resulting thin clear solution
was kept overnight so that most of the proteins and fibers
settled out. The solution was then centrifuged at 5000 rpm
for 20 minutes. The supernatant was separated and poured
into twice the volume of absolute ethanol by continuous
stirring. The product was filtered through muslin cloth and
was pressed between felt. The precipitate was washed with
absolute ethanol, iso-propanol and methanol and then dried.
The dried material was ground and sieved to obtain granules
of different particle size range and stored in a desiccator
until further use.

Formulation of Tablets Eighteen different
formulations of matrix tablets containing ciprofloxacin
hydrochloride and other additives were prepared by direct
compression the concentration of the drug was kept at 50%
weight of the tablet (500mg/tablet) TSP, PMMA  in different
proportions were used as polymers.Varying proportions of
lactose was used as diluents .To prepare the tablets, the
ingredients were weighed accurately and were screened
through #60 mesh sieve. All ingredients except lubricant
were then combined and passed through #60 mesh sieves,
following the addition of the given amount of lubricant and
further mixing, the powder was passed through #60 mesh
sieves. The blend was compressed into tabletsweighing
1000mg using rotary tablet compression machine equipped
with 14mm flat punch. The tablets formulation (T1-T6),
containing tamarind seed polysaccharide in different
concentraions 5-30%, (P1-P6) containing polymethyl-
methacrylate in different concentrations  5-30%, (C1-C6)
containing combination of TSP&PMMA with different
amount of lactose were prepared according to the
composition in Table 1. All the preparations were stored in
airtight containers at room temperature for further
evaluation.

Preformulation studies

The ciprofloxacin hydrochloride tablets were
determined by the parameters like identification of pure
drug by IR spectra, solubility, drug excipients, compatibility
studies, angle of repose, bulk density, tapped density,
Hausner ratio, Carr’s index were evaluated.

Evaluation Parameters

The properties of the matrix tablet, such as hardness,
friability, weight variation, drug content and swelling index

were determined standard procedures. Briefly, hardness was
determined using Monsanto hardness tester. Friability was
determined by using Roche friability testing apparatus.
Weight variation and drug content were performed according
to IP procedures.

Ten tablets were weighed and average weight is
calculated. All the ten tablets were crushed in a mortar.
Powder equivalent to 500mg of ciprofloxacin hydrochloride
was dissolved in250 ml distilled water and was shaken for
20 mins. Solution was filtered and 5 ml filtrate was diluted
to the 100ml using distilled water. Absorbance of resultant
solution was measured at 278 nm using distilled water as
blank. Amount of drug present in one tablet was calculated.

Swelling Studies

The extent of swelling was measured in terms of %
weight gain by the tablet. The swelling behavior of all
formulations was studied. One tablet from each formulation
was kept in a petri dish containing pH 6.8 phosphate buffers.
At the end of 1 h, the tablet was withdrawn, soaked with
tissue paper, and weighed. The weights of the tablets were
noted, and the process was continued till the end of 10 h.
Percent weight gained by the tablet was calculated by
formula. The extent of swelling was measured in terms of
% weight gain by the tablet.

S.I = {(M
t
-M

o
) / M

o
} X 100

S.I = swelling index, M
t
 = weight of tablet at time’s’

& M
o
 = weight of tablet at time t = 0.

In-vitro drug release studies

Dissolution of the tablet of each batch was carried out
using USP type II apparatus using paddle. The dissolution
medium consisted nine hundred ml of phosphate buffer pH
6.8 from 1 to 12 hours, maintained at 37 + 0.5 °C. One
tablet was placed in each dissolution vessel and the paddle
rotational speed was set at 50 rpm. 5 ml of sample was
withdrawn at every hour for 24 hours and same volume of
fresh medium was replaced every time. The samples were
analyzed for drug content at wavelength of 278 nm using
double beam UV visible spectrophotometer. The content of
drug was calculated using the equation generated from
standard curve. The % cumulative drug release was
calculated.

Kinetic Treatment of Dissolution Data: To describe
the drug release characteristic from the prepared matrix
tablets, the in-vitro dissolution data obtained was fitted to
different kinetic models like; Zero order, First order,
Higuchi, Peppas results are shown in respective tables.

Results and Discussion
Sustained release matrix tablets of ciprofloxacin

hydrochloride were formulated and evaluated using natural
hydrophilic Tamarind seed polysaccharide (T1-T6) and
hydrophobic polymethylmethacrylate(P1-P6) and
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combination of tamarind seed polysaccharide and
polymethylmethacrylate(C1-C6) by direct compression
method. Preformulation studies like physical characteristics,
compatibility studies, solubility, and flow properties were
performed. There was no compatibility between the pure
drug, TSP and PMMA.  Flow properties for isolated
tamarind seed polysaccharide are presented in table no.2.
All the parameters have been found to be within specified
limits.

 Physical properties for pre compression blend were
performed forall batches shown in table no:3  that all batches
had fair flow properties.

The prepared matrix tablets of all formulations were
about white in colour, circular in shapes with smooth
surface.  All the formulations were evaluated for hardness,
friability, weight variation, drug content, thickness, and
swelling index. As summarized in Table no.4 for all
formulations& were found to be within IP limits.

The swelling index for formulations T1-T6 was shown
in fig.1 as the time increases the swelling index was
increased, because weight gained by tablet was increased
proportionally with the rate of hydration upto 10 hrs. Later
on it may decrease gradually due to dissolution of outer
most gelled layer of tablet into dissolution medium. The
direct relationship was observed between swelling index
and polymer concentration, as the polymer concentration
increases, swelling index was increased.

The swelling index for formulations P1-P6 was shown
in fig.2. As the polymer concentration increased % of
swelling index was increased.

The in-vitro drug release of the matrix tablets of
formulations T1-T6 were shown in fig.3 T1 formulation
showed drug release 99.71% for 6hrs, T2 showed 100.82%
for 7hrs, T3 showed  98.12%  for 9hrs, T4 showed 98.64%
for 12hrs, this is mainly due to increasing polymer
concentration, also the percentage of diluents increased,
the  drug release also maximum because the diluent  lactose
is water soluble would undergo dissolution and that may
result in reduction in the tortuosity and gel strength of the
polymer4.

The drug release from theformulations T5 and T6
showed 79.11%, 68.79% respectively, It has been observed
that the cumulative percentage of drug release decreasing
with increasing concentration of TSP polymer and swelling
index. The reason attributed to this fact is slow erosion of
the gelled layer from the tablets containing higher amount
of TSP. This slow release is because of the formation of a
thick gel structure that delays drug release from tablet
matrix, where hydration of individual TSP particles results
in extensive swelling. As a result of rheology of hydrated
product, the swollen particles coalesce. This results in a
continuous viscoelastic matrix that fills the interstices,

maintaining the integrity of the tablet, and retarding further
penetration of the dissolution medium.From all formulations
T4 with 200mg showed % of drug release with maximum
sustained release action. Hence formulation T4 was selected
as optimized formulation.

The in-vitro drug release of the matrix tablets of
formulations P1-P6 wereshown in fig. 4. The increase in
concentration of PMMA resulted in decrease of the drug
release rate which may be due to the possible changes in
the porosity and tortuosity of the matrix.From the
formulation P1, P2, P3, drug release rate was up to
99.61%,98.65%, 96.5%  for more than 6, 8, 12hrs is due to
increase in lactose concentration, which may be due to
higher solubility of lactose, which dissolves and increases
the number of pores in the matrix, making the dissolution
medium penetrable. Thus lactose comes in contact with the
drug in the matrix which dissolves in it and then diffuses
out through the pores5. From the formulation P4, P5, P6,
drug release rate was up to 85.62%, 74.21%, 62.52% for
more than 10, 10, 9 hrs. It has been observed that the
cumulative percentage of drug release was decreasing with
increasing concentration of PMMA. The reason attributed
to this fact is the formation of a thick layer of PMMA over
the tablet due to increase in the concentration after the
optimum concentration. This results in delay of drug release
from tablet matrix and retarding further penetration of the
dissolution medium. From the above results it was found
that the formulation P3 showed sustained drug released for
12hrs.

The in-vitro drug release of the matrix tablets of
formulations C1-C6 were shown in fig.5. From the
formulations C1, C2, C3 with 5% of PMMA and varying
concentration of TSP (5%, 10%, 15%) showed drug release
99.54 % for 10hrs, C2 96.7% for 12hrs, C3 89.7% for
14hrs with increased concentration of TSP it is showing
prolonged release but release rate was decreased by forming
a thick gel layer around the tablet.

C4, C5 with 5% TSP and varying concentration of
PMMA (10%, 15%) showed drug release for 98.47% for
15hrs, 87.91% for 14hrs. Increased concentration of PMMA
showed thick viscous layer around the tablet.  C6 with
10% of TSP and 10% of PMMA showed drug release
81.16% for 11hrs.

The formulation C4 was found to be an optimum
concentration for sustaining the drug release of 99.54%
for 15hrs, the reason attributed was  increase in
concentration of lactose increases the release rate as it
dissolves and increases the number of pores in the matrix,
making the dissolution medium more penetrable. Thus
lactose comes in contact with the drug in the matrix which
dissolves in it and then diffuses out through the pores.
Consequently, the formulation C4 was found to be optimized
formulation containing a combination of Hydrophilic
polymer PMMA (10%) and Hydrophilic polymer TSP (5%).
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The kinetic treatmentreflected that release data of
Tspthat is T1-T6, P1-P6 and C1-C6 fig.6-11(First order
kinetics & Korsemeyerpeppas) showed higher R2 value i.e.
(0.9151 to 0.9772) for first order plot indicating that release
of drug follows first order kinetics, further korsmeyer and
peppas equation resulted into value of n in the range of

0.347-0.497 with all tablets indicating that the dominant
mechanism of drug release through all types of matrices
was by swelling and erosion which is always associated
with diffusion mechanism. It can be non-fickian diffusion
mechanism.

Fig.1 : % Swelling Index T1-T6 Fig. 2 : % Swelling Index P1-P6

Fig.3 : Cumulative % Drug Release from (T1-T6)

Fig. 4 : Cumulative % Drug Release from (P1-P6)
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Fig. 5 : Cumulative % Drug Release from (C1-C6)

Fig. 6 : First Order Kinetics plots for T1-T6 Fig. 7 : First-order plots for T1-T6

Fig. 8 : First-order plots for P1-P6 Fig.9 : Korsemeyer- Peppas plot for T1-T6
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Fig.10 : Korsemeyer- Peppas plots for P1-P6 Fig. 11 : Korsemeyer- Peppas plot for C1-C6

Table - 1

Formulation Table

Formulation Drug TSP PMMA Lactose Magnesium Talc
Code (%) (%) (%) (%) stearate (%) (%)

T1 50 5 - 40 4 1
T2 50 10 - 35 4 1
T3 50 15 - 30 4 1
T4 50 20 - 25 4 1
T5 50 25 - 20 4 1
T6 50 30 - 15 4 1
P1 50 - 5 40 4 1
P2 50 - 10 35 4 1
P3 50 - 15 30 4 1
P4 50 - 20 25 4 1
P5 50 - 25 20 4 1
P6 50 - 30 15 4 1
C1 50 5 5 35 4 1
C2 50 10 5 30 4 1
C3 50 15 5 25 4 1
C4 50 5 10 30 4 1
C5 50 5 15 25 4 1
C6 50 10 10 25 4 1

Table - 2 : Physical Properties of (TSP)

Property Results

Bulk Density 0.4+0.009g/cc

Tapped Density 0.55+ 0.005 g/cc

Compressibility Index 21.273+0.88 %

Hausner’s Ratio 0.375+0.022

Angle of repose(θ) 27.203+0.010o

Swelling Index 88.8 %

pH 6.5
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Table - 3

Physical Properties of Pre-Compression

Formulation Bulk Density Tapped Density Compressibility Hausners Ratio Angle of Repose
code (g/cc) (g/cc) Index (%)

T1 0.381+0.004 0.412+0.006 14.61+ 1.58 1.088+0.02 28.311+0.010

T2 0.373+0.006 0.452+0.005 13.29+0.88 1.150+0.04 26.69+0.022

T3 0.312+0.004 0.358+0.002 12.84+1.11 1.150+0.04 26.12+0.066

T4 0.346+0.004 0.404+0.006 14.35+1.48 1.160+0.01 26.0+0.044

T5 0.307+0.006 0.444+0.004 13.46+1.07 1.162+0.04 26.05+0.028

T6 0.384+0.004 0.441+ 0.006 13.46+1.68 1.153+0.01 25.98+0.011

P1 0.356+0.002 0.407+0.002 14.18+0.88 1.16+0.02 28.31+0.05

P2 0.354+0.006 0.398+0.006 11.55+1.48 1.16+0.09 28.38+0.07

P3 0.348+0.004 0.407+0.006 14.12+1.55 1.17+0.02 28.38+0.07

P4 0.342+0.002 0.399+0.004 14.28+1.48 1.17+0.02 28.36+0.06

P5 0.361+0.004 0.395+0.002 14.92+1.71 1.12+0.06 28.36+0.06

P6 0.333+0.006 0.407+0.004 14.28+1.42 1.17+0.02 28.24+0.01

C1 0.381+0.004 0.412+0.006 14.61+ 1.58 1.088+0.02 28.31+0.010

C2 0.373+0.006 0.452+0.005 13.29+0.88 1.150+0.04 26.69+0.022

C3 0.312+0.004 0.358+0.002 12.84+1.11 1.152+0.02 26.12+0.066

C4 0.346+0.004 0.404+0.006 14.35+1.48 1.160+0.01 26.02+0.044

C5 0.307+0.006 0.444+0.004 13.46+1.07 1.162+0.04 26.05+0.028

C6 0.384+0.004 0.441+0.006 13.46+1.68 1.153+0.01 25.98+0.011

Table - 4

Physical Properties of Matrix Tablets

Formulation Hardness Friability Weight variation Drug Content Thickness
code (kg/cm2) (%) (mg) (%) (mm)

T1 6.92+0.25 0.53+0.090 995.6+0.78 98.19+0.04 4.45+0.18

T2 7.01+0.21 0.49+0.044 992.1+0.62 99.34+0.34 4.44+0.22

T3 6.22+0.10 0.47+0.086 995.8+ 0.68 92.42+0.80 4.42+0.16

T4 7.88+0.18 0.51+0.027 993.2+ 0.41 99.29+0.88 4.99+0.21

T5 7.38+0.11 0.55+0.020 991.85+0.68 98.18+0.64 4.46+0.16

T6 7.15+0.21 0.50+0.038 998.6+ 0.52 96.47+0.42 4.49+0.20

P1 6.82+0.24 0.47+0.33 999.3+0.967 92.18+0.98 4.45+0.28

P2 6.38+0.18 0.41+0.065 995.6+0.78 91.45+0.77 4.42+0.22

P3 6.50+0.16 0.46+0.019 993.2+ 0.41 93.47+0.66 4.48+0.19

P4 6.75+0.10 0.43+0.042 992.1+0.62 95.68+0.32 4.49+0.10

P5 6.19+0.05 0.43+0.049 995.6+0.78 95.39+0.28 4.46+0.16

P6 7.34+0.09 0.50+0.04 998.6+ 0.52 99.29+0.18 4.48+0.05

C1 7.15+0.21 0.52+0.018 998.6+ 0.52 98.34+0.72 4.47+0.18

C2 7.72+0.12 0.54+0.043 993.2+ 0.41 94.64+0.46 4.41+0.05

C3 7.22+0.10 0.51+0.018 999.7+ 0.22 95.32+0.51 4.49+0.17

C4 7.58+0.16 0.54+0.052 998.6+ 0.52 92.73+0.83 4.45+0.22

C5 7.97+0.24 0.55+0.092 991.85+0.68 98.56+0.53 4.49+0.26

C6 6.68+0.12 0.51+0.082 995.6+0.78 93.56+0.41 4.48+0.24
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Conclusion
The study was undertaken with an aim to formulation

and evaluation of sustained release matrix tablets using
various polymers like TSP, PMMA. The formulations were
to in-vitro release studies showed the following results;
Natural polymer TSP with 20% could release the
ciprofloxacin hydrochloride effectively for 12hrs. Synthetic
polymer PMMA with 15% could release the ciprofloxacin
hydrochloride effectively for 12hrs. Matrix tablet prepared
with 150mg PMMA& 50mg TSP showed 98.47% at the
end of 15hrs and it is far better system for once-daily
sustained release of highly water soluble drug like
ciprofloxacin hydrochloride. All the formulations were all
subjected to model fitting analysis to know the order and
mechanism of drug release. The data clearly shows that,
the release kinetics reveals that all the formulation follows
first order kinetics with non-fickian diffusion mechanism.
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Introduction
The solubility behavior of a drug is the key determinant

of its oral bioavailability. There are always certain drugs
for which solubility has presented a challenge to the
development of a suitable formulation for oral
administration. In case of poorly water soluble drugs,
dissolution rate is the rate limiting step in process of drug
absorption which is a potential bioavailability problem. An
estimate reports that currently about 40% of marketed
Immediate Release (IR) Oral drugs are categorized as
practically insoluble (100mg/mL). Although most of the
drugs have encouraging experimental data obtained in-vitro,
the in-vivo but results have been disappointing.

The attributes include:

1) Poor absorption, rapid degradation resulting in
insufficient concentration

2) Drug distribution to other tissues with high drug
toxicities

3) Poor solubility of drugs
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ABSTRACT

The aim of the study was to enhance the solubility of a drug with poor water solubility using
PolyEthyleneGlycol-6000 as carrier. The Solid dispersions were prepared by Physical mixture method,
by varying the drug:carrier ratio from 1:1 to 1:6. The solubility of drug was found to be enhanced by
the solid dispersion technique. In order to further enhance the solubility, different combinations of
superdisintegrants were used. The Fast dissolving tablets were prepared by Direct compression
method with three different combinations of superdisintegrants Croscarmellose, Sodium starch
glycolate (A1 to A6); Crospovidone, Sodium starch glycolate (B1 to B6); Crospovidone,
Croscarmelose, Sodium starch glycolate (C1 to C6). The in-vitro drug release studies of the above
formulations showed further increase in the solubility of drug. The optimized formulation C5 (1:5)
showed a release of 99.05% within 30 min. The dissolution profile data was fitted to various
mathematical models such as First-order and Zero order to evaluate the kinetics of the drug release.
All the formulations followed first order kinetics.

Key-words: Solid dispersions, PolyEthylene Glycol-6000, Superdisintegrants, Fast dissolving tablets.
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The most attractive option for increasing the release
rate is improvement of the solubility through formulation
approaches. There are drug candidates that have poor water
solubility in water but can be dissolved by suitable
conventional formulation strategies such as Co-solvents,
Milling techniques, super critical processing, solid
dispersions including Complexation and precipitation
techniques. Solid dispersion technique has often proved to
be the most commonly used in improving dissolution and
bioavailability of poorly water soluble API because it is
simple, economic and advantageous. In solid dispersion
technique, water soluble carriers are used to improve
dissolution characteristics of poorly water soluble drugs.
Several new technologies are available to improve the
patient compliance. Fast dissolving drug delivery system
(FDDS) is gaining popularity as they do not cause any
obstacle in swallowing[1].

USFDA defined FDTs as “A solid dosage form
containing medicinal substances which disintegrate rapidly
within few seconds to three minutes when placed up on
tongue”.
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Advantages of Formulating the Fast dissolving tablets[2]

• Do not require water to swallow and will dissolve
or disintegrate in the mouth within a few seconds
to 3 minutes itself.

• Allow high drug loading.
• Are compatible with taste masking and other

excipients.
• Leave minimal or no residue in the mouth after

oral administration.
• Exhibit low sensitivity to environmental

conditions such as humidity and temperature.

Materials and Methods
Materials

Indomethacin was obtained as a gift sample from Super
Pharma Products, Ujjain; Croscarmellose sodium,
Crospovidone, Sodium starch glycolate are from Vijlak
Pharma Limited, Hyderabad; PEG-6000, Magnesium
stearate, Talc of SD Fine chemicals, Mumbai.

Method
Preparation of Solid Dispersion by Physical Mixture
Method[3]:

The drug was uniformly mixed with of PEG-6000 by
varying the drug:carrier ratio from 1:1 to 1:6 separately
using a mortar and pestle. The resulting mixtures were
sieved through 80-mesh sieve, then kept in a dessicator
over Calcium chloride at room temperature for 24 hr.

Preformulation studies

The solid dispersions SD1 to SD6 prepared were
subjected to various preformulation evaluations namely
Drug-excipient compatibility studies, Angle of repose, Bulk
density, Tapped density, Hausner ratio and Carr’s index.

Preparation of fast dissolving tablets[6.7]

The Solid Dispersion equivalent to 25 mg of drug was
taken and mixed with directly compressible diluent, different
combinations of superdisintegrants (table 2) and other
excipients in a poly-bag and mixed for 20 min. The prepared
pre-compression blend was directly compressed using 7
mm, round-shaped flat punch in a 10 station tablet
compression machine.

Table - 1

Formulation table of Solid dispersions

Sl. Formulation Ratio of Amount of
No. Code Drug : PEG PEG6000

 6000 (mg)

1 SD 1 1:1 25

2 SD 2 1:2 50

3 SD 3 1:3 75

4 SD 4 1:4 100

5 SD 5 1:5 125

6 SD 6 1:6 150

Table: 2

Formulation table

Formulation Indomethacin Solid Cros- Cros- SSG Mannitol Magnesium Talc
Code  dispersion carmellose povidone (%) (%) stearate (%)

(%) (%) (%) (%)

A1 1:1 20 2 - 4 72 1 1
A2 1:2 30 2 - 4 62 1 1
A3 1:3 40 2 - 4 52 1 1
A4 1:4 50 2 - 4 42 1 1
A5 1:5 60 2 - 4 32 1 1
A6 1:6 70 2 - 4 22 1 1
B1 1:1 20 - 2 4 72 1 1
B2 1:2 30 - 2 4 62 1 1
B3 1:3 40 - 2 4 52 1 1
B4 1:4 50 - 2 4 42 1 1
B5 1:5 60 - 2 4 32 1 1
B6 1:6 70 - 2 4 22 1 1
C1 1:1 20 2 2 4 70 1 1
C2 1:2 30 2 2 4 60 1 1
C3 1:3 40 2 2 4 50 1 1
C4 1:4 50 2 2 4 40 1 1
C5 1:5 60 2 2 4 30 1 1
C6 1:6 70 2 2 4 20 1 1
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In Vitro Drug Release Study[5]

In-vitro release studies were carried out using a
modified USP XXIII dissolution test apparatus (USP Type
II, ElectroLab). The dissolution fluid was 900 mL of
phosphate buffer pH 6.8 at a speed of 50rpm at a
temperature of 37±0.5oC were used in each test. Samples
of dissolution medium (5ml) were withdrawn at regular
intervals of  5, 10, 15, 20, 25, 30 min and assayed by
measuring absorbance at 323 nm.

Results and Discussion
The flow properties were evaluated for the Solid

dispersions prepared, the results indicate that the powder
blend has good flow properties (table 3).

The prepared fast dissolving tablets of all formulations
were about white in colour, circular in shapes with smooth
surface.  All the formulations were evaluated for hardness,
friability, weight variation, drug content, thickness, and
wetting time (table 4).

Table 3

Pre-Compression properties of the blend

Formula Angle of repose Bulk density Tapped density Percent Hausner’s
(θθθθθ)± SD, n=3 ± SD, n=3 ± SD, n=3 Compressibility atio± SD,

(g/cm3) (g/cm3) index (I)± SD, n=3 rn=3

SD1 27.2 ± 0.294 0.48 ± 0.012 0.71 ± 0.016 44.59 ± 0.219 0.88 ± 0.026

SD2 29.26 ± 0.26 0.43 ± 0.012 0.61 ±0.008 40.3 ± 0.37 1.18 ± 0.012

SD3 28.3 ± 0.163 0.39 ± 0.016 0.61 ±0.02 36.13 ± 0.205 1.14 ± 0.024

SD4 29.9 ± 0.294 0.36 ± 0.205 0.59 ±0.012 35.4 ± 0.326 1.21 ± 0.016

SD5 26.5 ± 0.16 0.40 ± 0.012 0.68 ±0.016 41.66 ± 1.26 0.78 ± 0.016

SD6 29.3 ± 0.163 0.38 ± 0.008 0.50 ±0.014 38.23 ± 0.339 0.92 ± 0.020

Table - 4

Post Compression Properties for formulations

Formula Hardness ± Wettin time± Weight variation Friability ± Thickness± Content
SD, n=3 SD, n=3 ± SD, n=3 SD, n=3 SD, n=3 uniformity±

  (kg/cm2)  (sec)  (mg) (%) (mm) SD, n=3 (%)

A1 2.5±0.01 43±0.42 249.5±0.0 0.64±0.11 2.69±0.049 99.03±0.36

A2 2.5±0.04 40±0.37 249±0.02 0.74±0.20 2.67±0.119 96.76±0.47

A3 2.55±0.03 34±0.19 249±0.01 0.63±0.09 2.84±0.090 96.73±0.24

A4 2.58±0.02 27±0.61 251±0.03 0.65±0.12 2.91±0.085 95.7±0.38

A5 2.61±0.03 24±0.51 250±0.01 0.65±0.20 2.73±0.097 97.1±0.48

A6 2.55±0.01 22±0.32 249±0.05 0.63±0.13 2.82±0.127 98.33±0.46

B1 2.41±0.01 44±0.64 251±0.04 0.56±0.08 2.94±0.108 100.29±0.46

B2 2.6±0.04 39±0.25 249±0.06 0.7±0.18 2.68±0.081 99.43±0.77

B3 2.63±0.03 35±0.36 249±0.03 0.67±0.16 2.96±0.067 97.63±0.61

B4 2.52±0.01 26±0.17 250±0.04 0.61±0.14 2.81±0.111 95.24±0.54

B5 2.47±0.02 24±0.32 250±0.02 0.6±0.12 2.75±0.126 98.67±0.81

B6 2.7±0.01 23±0.21 250±0.03 0.72±0.09 2.87±0.167 96.17±0.34

C1 2.45±0.01 42±0.56 251±0.04 0.65±0.14 2.67±0.198 96.57±0.67

C2 2.64±0.02 38±0.34 251±0.03 0.69±0.07 2.86±0.154 98.3±0.73

C3 2.42±0.01 33±0.32 250.5±0.04 0.59±0.01 2.63±0.161 97.21±0.84

C4 2.64±0.03 26±0.71 251±0.02 0.66±0.03 2.95±0.095 99.5±0.67

C5 2.4±0.04 23±0.53 249±0.01 0.7±0.01 2.82±0.134 100.14±0.44

C6 2.53±0.03 22±0.27 249±0.01 0.72±0.02 2.91±0.089 97.67±0.37
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FTIR Spectroscopy
The FTIR spectra of samples of indomethacin and

excipients were shown in figure 1.

The pure drug showed numerous characteristic high
intensity diffraction peaks demonstrating the crystalline
nature of the drug. The diffused peaks in solid dispersion
indicates the amorphization of drug. Characteristic peaks
attributed to the functional groups present  in  the molecule
of drug were assigned  to establish  the  identity of the
drug compared to solid dispersion[4]

FTIR spectra of Indomethacin reported characteristic
peaks of C=O scissoring , bending ; C=C ring stretching ;
aromatic ring C-H stretching ; C=C stretching ; C=O
stretching; –OC stretching  and C-H stretching at 1454.38,
1587.47 , 1587.47, 1645.33, 1691.56, 1149.61 and 2946.40
wave numbers respectively. The peak at 1548.89 which is
attributed for C=O stretching disappeared in SD which
indicates there might be the transformation of the drug into
an amorphous state  due to H-bond formation with the
carrier or new bond formation.Drug-excipient interactions
play a crucial role with respect to the stability and potency
of the drug. FTIR techniques have been used to study the
physical and chemical interaction between drug and

excipients used. In the spectra of the optimized formulation
(figure 2), the peaks characteristic to the excipients were
present at almost same positions, whereas indomethacin
peaks were also present, but at a reduced intensity of
absorption, indicating the trapping of the drug inside the
carrier matrix. None of the spectra showed any peaks other
than those assigned to drug and excipients, which indicates
the absence of any well-defined chemical interactions.
Results showed that there is no difference between the IR
patterns of the optimized formulation of indomethacin SD
ODT and pure drug and all the excipients are compatible
with the solid dispersion complex.

Drug Release from the formulations

The pure drug Indomethacin has also been studied for
in-vitro drug release and was found to be 21% for 40 mins
as shown in figure. The water soluble carrier PEG 6000
was estimated to enhance the dissolution of drug. The solid
dispersions prepared (SD1 to SD6) were subjected to invitro
drug release to evaluate the efficiency of PEG 6000 in
enhancing the dissolution, the formulation SD5 was found
to be better with a release of 88.36% in 40 min as shown in
fig 3.

The invitro drug release from the formulations A1 to
A6 was increasing gradually with respect to time from A1

Table 5
Disintegration time

Formulation Disintegration
Code time ± SD, n=3 (sec)

A1 82±0.05
A2 78±0.07
A3 73±0.06
A4 69±0.02
A5 65±0.09
A6 68±0.01

Formulation Disintegration
Code time ± SD, n=3 (sec)

B1 83±0.04
B2 81±0.06
B3 79±0.07
B4 74±0.03
B5 68±0.02
B6 70±0.02

Formulation Disintegration
Code time ± SD, n=3 (sec)

C1 80±0.03
C2 76±0.08
C3 71±0.01
C4 67±0.04
C5 62±0.05
C6 66±0.07

Fig. 1 :FTIR Spectra of Pure Indomethacin and Solid dispersion

Fig. 2 :FTIR Spectra of Pure Indomethacin and Optimized
formulation C5
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to A5 but decreased in A6 as shown in fig 4. The drug
released was found to be 98.85% for 30 min in A5. The
invitro drug release in these formulations was increasing
gradually with respect to time from B1 to B5 but decreased
in B6 as shown in fig 5. The drug released was found to be
98.12% for 30 min in B5.

The invitro drug release in these formulations was
increasing gradually with respect to time from C1 to C5
but decreased in C6. The drug released was found to be
99.05% for 30 min in C5 as shown in fig 6.The reason
attributed for no further increase in A6,B6,C6 is that the
carrier plasticizes and forms a thick layer decreasing the
drug diffusion.

Effect Of PEG-6000 on the Drug Release

The In-vitro dissolution of matrix tablets of
indomethacin containing hydrophilic PEG 6000 of various
concentrations is studied. The drug is kept constant and the
concentration of carrier was changed, the drug:carrier ratios
prepared were 1:1 , 1:2, 1:3, 1:4 , 1:5 , 1:6 .SD1 formulation
showed a release of 68.36%, SD2 showed a release of

Fig. 3 :Cumulative percent drug release profile Solid
dispersion

Fig. 4 :Cumulative percent drug release from the formulations
A1 to A6

Fig. 5 :Cumulative percent drug release profile of B1 to B6
formulation

Fig. 6 :Cumulative percent drug release profile of C1 to C6
formulation

Fig. 7 :First order kinetics
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74.46%, SD3
 
showed 75.67%, SD4 showed 83.14%, SD5

showed 88.36%, SD6 showed 82.47% in 40 min. As the
PEG concentration was increased, the dissolution rate
increased till SD5 but did not show any additional increase
in SD6.

 Increasing the PEG concentration in SD formulations
only to a specific amount resulted in better drug dissolution
and by further increasing the carrier concentration, it did
not show any additional improvement. This might be
attributed to the viscous layer formed around the solid
particles due to higher PEG concentrations and therefore
decreased diffusion co-efficient (based on Stokes-Einstein
equation) and lower the drug dissolution. In the tablet
formulations prepared with SD6, the tablets did not
disintegrate in specified limit of time for fast dissolving
tablet. This may be due to more hardness of the tablets as
this carrier acts as strong binder at high level within the
tablets.

During compression, the carrier should plastisize,
soften or melt, filling the pores within tablets makes
disintegration difficult, with the dissolution process of the
tablet depends upon the wetting followed by disintegration
of tablet.

Conclusion
The oral disintegrating tablets of indomethacin with

sufficient mechanical strength, acceptable taste and smaller
disintegration time were achieved employing suitable super
disintegrants and other excipients at optimum concentration.
The solid dispersions prepared were compressed into tablets
using direct compression method by addition of
superdisintegrants. The combinations of superdisintegrants
were varied. The in-vitro release studies showed the
following results,

1) Drug : Carrier ratio was varied from 1:1 to 1:6, SD5
showed the maximum release of  88.36% in 40 min.

2) The combination of super-disintegrants,
Croscarmellose, Crospovidone and SSG was found to
be more effective, showed a greater release 99.05% in
30 min.

3) When we compared the efficiency of the
superdisintegrants combination, we found that
croscarmellose,SSG which showed 98.85% in 30 min
was found to be superior over crosspovidone, SSG
which showed 98.12% in 30 min.

4) The drug release kinetics confirmed that all the
formulations follow first order kinetics.
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Introduction
Homoallylic alcohols1 are important building blocks

for the construction of various biologically active
compounds and hence the synthesis of these compounds is
highly useful. Nucleophilic addition of allyltin reagents to
carbonyl compounds2 in the presence of a catalyst is a
straightforward method for the synthesis of homoallylic
alcohols. A variety of Lewis acids (polymer-supported
scandium3, ligand accelerated cadmium4, NbCl

5
5, La(OTf)

3
6,

CeCl
3
-7H

2
O-NaI7, ReBr(CO)

5
8, TCT9, HClO

4
-SiO

2
10 and

potassium dodecatungstocobaltate trihydrate11) including
TiCl

4
, BF

3
-Et

2
O, SnCl

4
, InCl

3
, AlCl

3
 and MgBr

2
. The search

for new reagents capable of mediating these reactions is
still a matter of much concern.

In this paper we describes our results on the use of
zirconia supported tungstophosphoric acid (ZrO

2
/PTA) as a

heterogeneous catalyst for the synthesis of homoallylic
alcohols (3a-j) by the reaction of a variety of aromatic
aldehydes and allyltributylstannane (2) at room temperature
(Scheme 1).

Scheme 1:
Synthesis of homoallylic alcohols

Experimental
All the commercial reagents and solvents were used

without further purification unless otherwise stated. Melting
points were recorded on a Buchi 535 melting point apparatus
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and are uncorrected. All the reactions were monitored by
thin layer chromatography performed on precoated silica
gel 60F

254
 plates (Merck). Compounds were visualized with

UV light at 254 nm and 365 nm, I
2
 and heating plates after

dipping in 2% phosphomolybdic acid in 15% aq. H
2
SO

4

soln. IR spectra were recorded on a Perkin-Elmer 683 or a
1310 FT-IR spectrometers with KBr pellets. NMR spectra
were recorded on a Varian Unity-400 MHz and BRUKER
AMX 300 spectrometers using TMS as an internal standard.
Mass spectra were recorded on a VG Micromass 7070H
and a Finnigan Mat 1020B mass spectrometers operating at
70eV.

General procedure for the preparation of
homoallylic alcohols: To a mixture of aldehyde (2.0 mmol)
and allyltributylstannane (2.4 mmol) in acetonitrile (5 mL)
ZrO

2
/PTA (10 mol%) was added. The reaction mixture was

stirred at room temperature and the reaction was monitored
by TLC. After completion, the mixture was diluted with
acetonitrile (20 mL) and filtered (to remove the catalyst).
The filtrate was concentrated and gummy residue was
purified by column chromatography over silica gel using
3% EtOAc in hexane to obtain following pure homoallylic
alcohols:

1-Phenyl-3-buten-1-ol (3a): Pale yellow liquid, IR

(neat): λ
max

 3369, 3070, 2925, 1540, 1451, 1047, 946 cm-1;
1H NMR (CDCl

3
): δ 2.40-2.55 (m, 2H, -CH

2
-), 4.70 (t, 1H,

-CH-), 5.10-5.20 (dd, 2H, =CH), 5.70-5.85 (m, 1H, -CH=),

7.20-7.35 (m, 5H, Ar-H).

1-(4-Methylphenyl)-3-buten-1-ol (3b): Pale yellow

liquid, IR (neat): λ
max

 3369, 3070, 2925, 1540, 1451, 1047,
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946 cm-1;  1H NMR (CDCl
3
): δ 2.35 (s, 3H, -CH

3
), 2.40-

2.55 (m, 2H, -CH
2
-), 4.70 (t, 1H, -CH-), 5.10-5.20 (dd, 2H,

=CH), 5.70-5.85 (m, 1H, -CH=), 7.20-7.35 (m, 5H, Ar-H).

1-(4-Bromophenyl)-3-buten-1-ol (3c): Pale yellow

liquid, IR (neat): λ
max

 3369, 3070, 2925, 1540, 1451, 1047,

946 cm-1;  1H NMR (CDCl
3
): δ 2.40-2.55 (m, 2H, -CH

2
-),

4.70 (t, 1H, -CH-), 5.10-5.20 (dd, 2H, =CH), 5.70-5.85 (m,

1H, -CH=), 7.20-7.35 (m, 5H, Ar-H).

1-(4-Chlorophenyl)-3-buten-1-ol (3d): Pale yellow

liquid, IR (neat): λ
max

 3369, 3070, 2925, 1540, 1451, 1047,

946 cm-1;  1H NMR (CDCl
3
): δ 2.40-2.55 (m, 2H, -CH

2
-),

4.70 (t, 1H, -CH-), 5.10-5.20 (dd, 2H, =CH), 5.70-5.85 (m,

1H, -CH=), 7.20-7.35 (m, 5H, Ar-H).

1-(2,4-Dichlorophenyl)-3-buten-1-ol (3e): Pale yellow

liquid, IR (neat): λ
max

 3369, 3070, 2925, 1540, 1451, 1047,

946 cm-1;  1H NMR (CDCl
3
): δ 2.40-2.55 (m, 2H, -CH

2
-),

4.70 (t, 1H, -CH-), 5.10-5.20 (dd, 2H, =CH), 5.70-5.85 (m,

1H, -CH=), 7.20-7.35 (m, 5H, Ar-H).

1-(4-Methoxyphenyl)-3-buten-1-ol (3f): Pale yellow

liquid, IR (neat): λ
max

 3369, 3070, 2925, 1540, 1451, 1047,

946 cm-1;  1H NMR (CDCl
3
): δ 2.40-2.55 (m, 2H, -CH

2
-),

4.70 (t, 1H, -CH-), 5.10-5.20 (dd, 2H, =CH), 5.70-5.85 (m,

1H, -CH=), 7.20-7.35 (m, 5H, Ar-H).

1-(3,4,5-Trimethoxyphenyl)-3-buten-1-ol (3g): Pale

yellow liquid, IR (neat): λ
max

 3369, 3070, 2925, 1540, 1451,

1047, 946 cm-1;  1H NMR (CDCl
3
): δ 2.40-2.55 (m, 2H, -

CH
2
-), 4.70 (t, 1H, -CH-), 5.10-5.20 (dd, 2H, =CH), 5.70-

5.85 (m, 1H, -CH=), 7.20-7.35 (m, 5H, Ar-H).

1-(4-Hydroxyphenyl)-3-buten-1-ol (3h): Pale yellow

liquid, IR (neat): λ
max

 3369, 3070, 2925, 1540, 1451, 1047,

946 cm-1;  1H NMR (CDCl
3
): δ 2.40-2.55 (m, 2H, -CH

2
-),

4.70 (t, 1H, -CH-), 5.10-5.20 (dd, 2H, =CH), 5.70-5.85 (m,

1H, -CH=), 7.20-7.35 (m, 5H, Ar-H).

1-(4-Nitrophenyl)-3-buten-1-ol (3i): Pale yellow

liquid, IR (neat): λ
max

 3369, 3070, 2925, 1540, 1451, 1047,

946 cm-1;  1H NMR (CDCl
3
): δ 2.40-2.55 (m, 2H, -CH

2
-),

4.70 (t, 1H, -CH-), 5.10-5.20 (dd, 2H, =CH), 5.70-5.85 (m,

1H, -CH=), 7.20-7.35 (m, 5H, Ar-H).

1-Naphthylphenyl-3-buten-1-ol (3j): Pale yellow

liquid, IR (neat): λ
max

 3369, 3070, 2925, 1540, 1451, 1047,

946 cm-1;  1H NMR (CDCl
3
): δ 2.40-2.55 (m, 2H, -CH

2
-),

4.70 (t, 1H, -CH-), 5.10-5.20 (dd, 2H, =CH), 5.70-5.85 (m,

1H, -CH=), 7.20-7.35 (m, 5H, Ar-H).

Results and Discussion
Upon screening with 4-bromobenzaldehyde, it was

found that ZrO
2
 supported PTA with low loading (10 mol%)

is an efficient catalyst to bring about this transformation at
room temperature. Blank experiments have shown that the
PTA alone cannot bring about this transformation. In
addition, only 10 mol% ZrO

2
/PTA is sufficient for the

synthesis of homoallylic alcohols from the reaction of
various aldehydes with allyltributylstannane. In the absence
of this catalyst only a trace of amount of homoallylic alcohol
could be detected even after 10 h.

Table-1
Optimizing the reaction conditionsa

Encouraged by the results obtained from 4-
bromobenzaldehyde with allyltributylstannane, we
investigated a number of other aldehydes to probe their
behavior under the current catalytic conditions. The aromatic
aldehydes containing both electron-donating and electron-
withdrawing groups in the aromatic ring proceeded
smoothly.

Next, we investigated the reusability and recycling of
ZrO

2
/PTA. At first, we put 4-bromobenzaldehyde (20

mmol), allyltributylstannane (21.6 mmol) and 100 mol%
of ZrO

2
/PTA in acetonitrile (50 mL) together, and then the

mixture was stirred at room temperature. When the reaction
was completed, the catalyst was separated by simple
filtration by diluting with excess acetonitrile and recovered
ZrO

2
/PTA was activated and reused in subsequent reactions.

Second and third reactions using recovered ZrO
2
/PTA

afforded similar yields to those obtained in the first run
(88%). In the fourth and fifth runs, the yields were gradually
decreased (80% and 75%).

Conclusions
In conclusion, we have successfully demonstrated a

novel catalytic application of ZrO
2 

supported
phosphotungstic acid for the efficient synthesis of
homoallylic alcohols. This simple procedure is efficient
and can be applied to a variety of aromatic aldehydes to
prepare homoallylic alcohols. The ambient reaction
conditions, shorter reaction times, good to excellent product
yields make this catalytic system an alternative method for
the synthesis of homoallylic alcohols.
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ABSTRACT

Synthetic Pyrethroids are widely used as insecticides because of their low application rates, rapid
knockdown and low mammalian toxicity. The threat to continued use of these compounds is that of
resistance in target organisms and accumulation in the environment. This consequently stimulated
the search for natural compounds. Many studies revealed that the action of pyrethroids can be
effectively augmented by various synergists. In this study also the efficacy of fenvalerate was
increased when it was combined with azadirachtin, the most prominent phytochemical insecticide
developed in recent years. The present study investigated the effect of fenvalerate, azadirachtin and
synergist (a combination of both) on Adenosine Tri Phophatases (ATPases) activity in different
tissues of cockroach.  Experiments were carried out using both sub lethal and lethal doses of
fenvalerate, azadirachtin and synergist at 1hr, 4hr, 8hr, 12 hr and 24 hrs of post exposure. The
decrease in the activity of these enzymes was in dependent manner and effect of pesticide is related
to the time of exposure and its concentration. This study would contribute the useful information to
the existing knowledge on the toxicity of pyrethroids, neem products and paves the way for the
exploration of synergists in combination with pyrethroids and biopesticides.

Key Words: Fenvalerate, Azadirachtin, Synergist, Adenosine Tri Phosphatases, Cockroach.

Introduction
Synthetic pyrethroids are increasingly used as

insecticides both in agricultural and households because of
their advantageous environmental properties, short period
of life, broad spectrum of insecticidal activities and low
mammalian toxicity. However it has become increasingly
apparent that the widespread use of synthetic pyrethroids
caused detrimental environmental effects that are harmful
to humans and other animals, more over target pests shown
to develop resistance. This consequently stimulated the
search of natural compounds that could replace the synthetic
insecticides. To overcome the resistance it is common to
add a synergists, mostly the botanical insecticides as they
are relatively safe, degradable and readily available sources
of biopesticides. Unless pyrethrins are formulated with a
synergist most initially paralyzed insects recover to once
again become pests (1).

Pesticides containing bioactive compounds from the
neemplant, Azadirachta indica Juss are reported to be target
specific and comparatively less toxic (2).

The potential synergistic effects of botanical seed oil
Anethem sowa was observed on Periplanata americana,
Musca domestica and Anapheles stephensi (3). The present
work is modest attempt to know the synergist toxic effects
of fenvalerate, with azadirachtin in the cockroach
Periplaneta americana. This study would contribute useful
information to the existing knowledge on the toxicity of
pyrethroids and neem products and paves the way for the
exploration of synergist in combination with pyrethroids
and bio pesticides.

Adenosine triphosphatases ATPases are complex set
of enzymes, play a central role in physiological functions
of cell as energy transducers by coupling the chemical
reactions(4). Mg2+ATPases are mostly present in almost all
cells, rich in muscle cells (5). In most cases Mg2+ATPase is
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taken as an index of  ATPases activity because of its
abundant distribution and dual localization in mitochondria
and cytosol (6). Na+ K+ ATPase is present predominantly in
the nerve cells (7) and is shown to be involved in the
active transport of ions across the cell membrane, It is also
known to associate with the uptake process of
catecholamines in the central nervous system(8), Whereas
Mg ATP ase is known to catalyze the terminal step of
oxidative phosphorylation. In the present study also Na+ K+

ATPase was found to be high in the nervous tissue and
Mg+ ATP ase was high in muscle tissue in accordance with
their functional roles in nerve conduction and muscle
movements respectively. Number of studies has shown that
ATPase activity was inhibited by heavy metals such as lead
(9) and Cadmium (10). Inhibition of ATPases due to
pyrethroids and azadirachtin were also reported (11). Since
the ATPases seems to be the target enzymes for several
pesticides, the activity levels of Na+ K+ ATPases, Mg2+

ATPases which regulate neuronal and muscular energy levels
were studied in the cockroach Periplanata americana.

Materials and Methods
Selection of test animals

Adult cockroaches are selected and acclimatized to
the laboratory condition (30±2oc) for one week prior to
using them for the experiment. They were fed with bread
and rice in a fixed time schedule. Feeding was stopped half
day before the commencement of the experiments to avoid
metabolic variation due to diet. Only male cockroaches
were used for the study as females were known to exhibit
erratic rhythemicity and influenced by the state of
reproductive cycle.

Selection of test chemicals
The synthetic pyrethoid Fenvalerate  20EC and Neem

derivative Azadirachtin 0.15 EC  used in the present study
were of commercial grade and purchased from the local
market.

Preparation and application of different concentrations
of chemicals

A stock solution of 20ppm of Azadirachtin and 10ppm
of  Fenvalerate were prepared in acetone. From this stock
solution appropriate amounts were aliquot in distilled water
to prepare different concentrations of chemicals. Synergist
was prepared by mixing equal volumes of fenvalerate and
azadirachtin. All these chemicals of different concentrations
were used for topical exposure to determine LD

50
.

Selection of chemical dose (lethal and sub lethal)

Toxic interaction of chemical with a given biological
system is dose related. The 24 hr LD

50 
 (dose required to

kill 50% of the animals after 24hrs of exposure) was

determined using Probit method and calculated by adapting
the Carpenter formula.  1/3rd of 24 hr LD

50
 was selected as

sub lethal dose. Experiments were conducted using both
lethal and sub lethal doses and were carried out at 1hr, 4hr,
8hr 12hrs and 24hrs of after exposure.

Estimation of Adenosine Triphosphate (ATPase) activity
(EC 3.6.1.3)

Total and Mg2+ ATPase activities in the tissues were
estimated by the  method of Tirri et al  (12). 1%
homogenates of the tissues were prepared in 0.25 M ice
cold sucrose solution. Homogenates were 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 homogenate was used for
the estimation of the total ATPase.

Estimation of Mg2+ ATPase

The reaction mixture for Mg2+ ATPase assay contained
0.5ml of Tris buffer (0.13 M; pH 7.4), 0.4 ml of substrate
ATP, 0.5ml of Magnesium chloride (0.05 M) and 0.2 ml of
crude homogenate (enzyme source). The contents were
incubated at 37ºC for 15 minutes and the reaction was
stopped by the addition of the 10% TCA. Zero time controls
were maintained by adding TCA prior to the addition of
homogenate. The contents were centrifuged at 1000g for
15 minutes and the inorganic phosphate was estimated in
the supernatant fraction by the  method of Fiske and Subba
Rao (13).

Estimation of Total ATPase

1% (W/V) homogenate already set apart was used for
the total ATPase assay. The reaction mixture in a final
volume of 2.6ml 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 (0.05 M), 0.5 ml of sodium
chloride (0.05M) and 0.2ml of crude homogenate (enzyme
source). The contents were incubated at 37ºC for 15 minutes
and the reaction was arrested by the addition of 1.5 ml of
10% TCA. Zero time controls were maintained by adding
TCA prior to the addition of homogenate. The contents
were centrifuged and the inorganic phosphate was estimated
in the supernatant fraction by the  method of  Fiske and
Subba Rao (13). Na+ K+ ATPase activity was estimated by
substracting the Mg2+ ATPase from the Total ATPases. Na+

K+ ATPase = Total ATPases - Mg2+ ATPase

Estimation of Inorganic phosphate

The inorganic phosphate in the supernatant fraction
was estimated by the method of Fiske and Subba Rao (13).
To 1.0 m of the supernatant, 1.0 ml of ammonium molybdate
solution (2.5 gms in 100 ml of 10 N H

2
SO

4
) was added

followed by 0.4 ml of ANSA (1- Amino, 2-Naphol,
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4-Sulphonic Acid) (2.5 mgs of ANSA, 97.5 ml of 15%
sodium bisulphate and 2.5 ml of 20% sodium sulphate) and
allowed to react for 5 minutes. The blue color formed was
measured at 660 nm in a UV/VIS spectrophotometer
(Hitachi Model) against the reagent blank. The blank
contained 2 ml of TCA, 1.0 ml of ammonium molybdate
and 0.4 ml of ANSA. The enzyme activity was expressed
as µ moles of inorganic phosphate formed/mg protein/hr.

Statistical Treatment of data:

An average of six individual estimations was taken
and the mean values of control and experimentals were
subjected to statistical analysis. Mean, ±SD, Percent
changes, Two-way ANOVA (14) and ‘t’ tests for multiple
comparisons were performed using SPSS Package
programming techniques.

Results
Topical exposure of lethal doses of fenvalerate,

azadirachtin and synergist to the cockroaches resulted in a
gradual, continuous and significant decrease in the activity
of the enzyme N+K+ ATPase and Mg2+ ATPase (Tab: 1 and
2). The inhibition was dose dependent, time of exposure
and tissue specific. Maximum inhibition was observed at
24 hrs of lethal dose exposure in all three chemicals.
N+K+ATP ase activity was decreased more in the nervous
tissue compared to muscle (Tab:1), where as maximum
inhibition of  Mg2+ATP ase was resulted in muscle than to
the nervous tissue (Tab:2). Azadirachtin showed less toxic
effect than to the synthetic pyrethroid fenvalerate,whereas
the synergist is more toxic than the fenvalerate and
azadirachtin.

 On the other hand sub lethal doses of fenvalerate,
azadirachtin and synergist results gradual, continuous and
reversible decrease in the activity of  N+K+ ATPase and
Mg2+ases. In all the tissues maximum decrease was observed
at 12hrs of post exposure. There after the enzyme activity
showed recovery towards the controls (Tab 3 and 4). The
recovery activity was close to the control levels in muscle
tissue where as in the nervous tissue the activity remained
below the control levels.

Discussion
As ATPases are membrane bound enzymes any damage

to cellular organelles due to toxins, heavy metals or
pesticides would certainly results in the decreased activity
levels. The result of the present study shows that ATPases
activity was inhibited tissue specific infirming the
differential sensitivity of nervous and muscle tissue to the
insecticides. The results also supports that the nervous
system is the principle target for the majority of insecticides.
Higher levels of Mg2+ ATPase observed in muscle than in

the nervous system suggests the greater involvement of
enzyme in muscular activity. The decrease in Mg 2+ ATPase
activity might be due to low operation of oxidative
metabolism. Similarly Na+K+ ATP ase found to be high in
the nervous tissue than in the muscle tissue indicates the
important role played by this enzyme during nerve
conduction. Inhibition of both Mg2+ATPase s and Na+ K+

ATPases was also reported in Cockroach (15), Rat (16, 17),
Rice leaflet larvae (18) and fish (19) with different
insecticide such as decamethrin, cypermethrin, fenvalerate,
azadirachtin and some synergists. The inhibition of Mg2+

ATPases observed in the present study could lead to a
reduction in ATP production which in turn would alter Na+

K+ pump activity, producing neuronal dysfunction. The
relative sensitivities of ATPases to all three insecticides
indicates that Na+ K+ ATPase is more sensitive and seems
to be a target among the enzyme systems studied (15, 16).
The recovery activity in the animals exposed to sub lethal
doses of fenvalerate, azadirachtin and the synergist indicates
the detoxification mechanism in cockroach to overcome
the toxic effects of low doses of these insecticides. The
action of pyrethroids can be effectively augmented by
various synergists. In this study also the efficacy of
fenvalerate was increased when it was combined with
azadirachtin.

Conclusion
The synergist though contained 50% of azadirachtin,

exerted neurotoxin effects greater and similar to the
individual action of fenvalerate. The synergist used in the
present study would possibly be an effective insecticide
with lesser problems of resistance development,
environmental and health hazards.
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Table - 1
Alterations in Na+ K+ ATP are activity (μμμμμ moles of Pi formed/mg protein/hr) in the cockroach Periplanata

americana exposed to lethal doses of fenvalerate, azadirachtin and the synergist

Tab:2 Alterations in Mg+ ATP are activity (μμμμμ moles of Pi formed/mg protein/hr) in the cockroach Periplanata
americana exposed to lethal doses of fenvalerate, azadirachtin and the synergist
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Tab:3 Alterations in Na+ K+ ATP are activity (μμμμμ moles of Pi formed/mg protein/hr) in the cockroach Periplanata
americana exposed to sub lethal doses of fenvalerate, azadirachtin and the synergist

Tab:4 Alterations in Mg+ ATP are activity (μμμμμ moles of Pi formed/mg protein/hr) in the cockroach Periplanata
americana exposed to sub lethal doses of fenvalerate, azadirachtin and the synergist
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Tab 1: Alterations in Na+ K+ ATP are activity (μμμμμ moles
of Pi formed/mg protein/hr) in the cockroach Periplanata
americana exposed to lethal doses of fenvalerate,
azadirachtin and the synergist

Tab:2 Alterations in Mg+ ATP are activity (μμμμμ moles of Pi
formed/mg protein/hr) in the cockroach Periplanata
americana exposed to lethal doses of fenvalerate,
azadirachtin and the synergist
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Introduction
Transdermal administration refers to continuous drug

infusion through an intact skin surface to control the delivery
of drug [1]. Transdermal drug delivery is a non-invasive
delivery of medicament from the surface of the skin [2].
This has advantages over the oral route of administration,
in patient compliance and bypassing first pass metabolism.
Several drugs were explored for the possible use in
transdermal drug delivery for treating hypertension. A few
of these are: nifedipine [3], metaprolol [4] and isradipine
[5].

Verapamil is an effective calcium channel blocker, used
in the treatment of angina, hypertension and myocardial
infarction. It was reported to be rapidly absorbed after oral
administration, but undergoes extensive first pass
metabolism leading to poor bioavailability (20%). In
addition, verapamil has low dose (30 mg), low molecular
weight, 491, and lipophilic in nature (log P, 3.28); needed
for long term treatment and repetitive dosing. All these
parameters make this drug an interesting candidate for
transdermal drug delivery [6-9].

Materials and Methods
Verapamil hydrochloride was a gift from Nicholas

Piramil Healthcare Ltd., (Kohir, India). Eudragit was
generous gift from Colorcon Asia PVT Ltd., (Goa, India);
Carbopol, HPMC, SCMC were gifted by Inventis drug
delivery systems PVT Ltd., (Hyderabad, India). All reagents
were used of analytical grade.

Animals

Male Wistar rats weighing approximately 200 – 250 g
were used for the diffusion studies of verapamil transdermal
patches. The animals were supplied with food and water ad
libitum. The animal studies were approved by the Institute
Animal Ethics Committee (IAEC), Regd no. 1434/PC/a/
11/ CPCSEA and all experiments were conducted as per
the norms of the Committee for the Purpose of Supervision
of Experiments on Animals, India.

Investigation of drug–excipient interactions
Fourier transform infrared spectroscopy

Compatibility between drug and the polymers were
studied by FTIR spectra. FTIR studies were carried out for
drug and its physical mixture (1:1). The sample was
dispersed in KBr powder and the pellets were made by
applying 6000 kg/cm2 pressure and analyzed. FTIR spectra
were obtained by diffuse reflectance on a FTIR
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ABSTRACT

Verapamil hydrochloride is an antihypertensive agent which undergoes extensive first pass metabolism
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results of FTIR and DSC revealed no interaction between drug and polymers. The loss of moisture
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spectrophotometer type FTIR 8400 (Schimadzu Corporation,
Japan). The positions of FTIR bands of important functional
groups of drug were identified and were cross checked in
obtained spectra [10].

Differential scanning calorimetry (DSC)

DSC studies for drug and its physical mixture (1:1)
were carried out using DSC-60 calorimeter (Schimadzu
Corporation, Japan). The instrument was calibrated with an
indium and zinc standard. The sample was heated from 10
to 300°C at a heating rate of 25°C/min to remove thermal
history. The sample was then immediately cooled to 10°C
and reheated from 10 to 300°C under the flow of nitrogen
at a heating rate of 10°C/min.

Preparation of patches

Verapamil transdermal films were prepared by solvent
casting technique using Carbopol, SCMC, HPMCK15M,
eudragit and carbopol as polymers. Glycerine and
polysorbate 80 were used as plasticizer and penetration
enhancer respectively. Ethanol, methanol and DCM were
used as solvents. Drug was dissolved in little quantity of
solvent and polymers were dissolved in remaining solvent/
solvent mixture. Drug, polymer solutions along with
plasticizer and permeation enhancer were sonicated for 30
min and examined for air entrapment. The solution was
poured onto glass moulds of 10 × 5 cm2 and air dried for
overnight at room temperature. An inverted funnel was kept
on the mould for controlled evaporation. The dried film of
the drug was peeled from the mould and packed in
aluminium foil and kept in desiccator till further use.

Thickness

Thickness of patches was measured using a micrometer
(Mitutoyo co., Japan) for a pack of 5 films. Mean ± standard
deviation was calculated [11].

Weight Variation

Ten patches (1×1 cm2) were selected and weight
variation was evaluated for each formulation [12].

Folding Endurance

Each patch was folded repeatedly several times at the
same place until the patch breaks. The first appearance of
breaking was observed and then the folding endurance was
reported by the number of foldings before it was broken
[13].

Loss of Moisture

The patches were initially weighed (W1) individually
and placed in a dessicator (containing activated silica) at
room temperature (30 ± 0.5 °C). After three days, the films
were taken out and weighed (W2). Percent loss of moisture
was calculated using formula, given below [14].

% Loss of Moisture = W1 – W2/ W2 × 100

Moisture Uptake

The patches were weighed (W1) and placed in a
dessicator (containing 100 ml saturated solution of sodium
chloride, 75% RH) at room temperature (30 ± 0.5 °C).
After three days, the films were removed and weighed (W2).
Percent gain of moisture was calculated using the given
formula [15],

% Gain of moisture = W1 – W2/ W2 × 100

Drug Content

Drug content of patches was determined by dissolving
five patches (1 cm2) in 100 ml of 7.4 buffer. After suitable
dilutions the resultant solution was filtered and analysed
for verapamil content spectrophotometrically [6-9].

Table 1

Composition of verapamil patches

Ingredients
                   Formulation code

F 1 F 2 F 3 F 4

Verapamil (mg) 500 500 500 500

HPMC K15M (mg) 900 600 600 600

SCMC (mg) — 300 — —

Eudragit RL 100 (mg) — — 300 —

Carbopol 934P  (mg) — — — 300

Dimethylsulphoxide (ml) 0.2 0.2 0.2 0.2

Propylene glycol (ml) 0.4 0.4 0.4 0.4

Ethanol (ml) — 5 — 5

Methanol (ml) 7.5 5 7.5 5

Dichloromethane (ml) 7.5 5 7.5 5
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HPLC analysis

Analysis of samples was performed using a Schimadzu
10 AVP (Japan) HPLC system equipped with UV detector
and waters C-18 column (300 × 4.6 mm i.d) at ambient
temperature. The mobile phase was mixture of 700 ml of
phthalate buffer pH 2.8 and 250 ml of acetonitrile.   The
solution was filtered through 0.45 µm filter and degassed
by sonication. The flow rate was 1 ml per minute. Detection
was carried on at 275 nm wavelength. A calibration curve
was plotted for verapamil in the range of 10-50 µg/ml A
good linear relationship was observed between the
concentration of verapamil and its peak area (r2 = 0.9972).
Precision and accuracy of the HPLC method were estimated
[16].

In vitro Permeation Studies using Rat Skin:

Franz diffusion cell was used for in vitro skin
permeation studies. The skin of the rat abdominal region
was used. The preparation of skin for diffusion study was
as follows. Male wistar rats weighing 200-250 g were used.
The rats were anaesthetised using chloroform and the
abdomen was carefully shaved with scissors and razor [17].
Full thickness skin (i.e., epidermis, subcutaneous and
dermis) was excised from the abdominal site [18]. Any
skin with damages was rejected. The skin sample was placed
in the Franz diffusion cell. Slightly larger skin was taken to
help its fixation on the diffusion cell. The patch of area
3.14 cm2 was used. The receptor compartment was filled
with phosphate buffer, pH 7.4. Samples of one ml were
withdrawn at predetermined time intervals and one ml was
replaced with fresh solution. Required dilutions were made
for the sample and the amount of drug that reached receptor
compartment was analyzed for drug content using HPLC
and the data was statistically analysed by one way ANOVA
followed by turkey post hoc test for multiple comparison
using graph pad prism. Differences were considered to be
significant at a level of p<0.05.

The permeability coefficients (P) were calculated as
follows [19]

P = (dQ/dt)/ (CA)

Where

dQ/dt - Permeation rate,

C - Concentration of the donor chamber

A - Surface area of diffusion

Steady state fluxes (J
ss
) were calculated by dividing

the slope of cumulative amount permeated Vs time curve
by the diffusional area.

Stability studies

Stability studies were conducted according to the ICH
Q1A (R2) guidelines. Patches were wrapped in aluminum
foil and were kept in stability chamber at a temperature of
40±2ºC and 75±5% RH for 6 months [20]. Samples were
withdrawn at the end of 6 months and analyzed for drug

content and in vitro permeation. Zero time samples were
used as control for the study and the results were statistically
analyzed by using t-test and p <0.05 were considered as
significant.

Results & Discussion
Investigation of drug–excipient interactions

FTIR spectral analysis

Verapamil pure drug and its formulations were
subjected to FTIR spectroscopic analysis. The obtained
spectra are shown in figure 1.  The FTIR spectra of pure
Verapamil showed sharp characteristic peaks at 1261 (C–O
stretch), 1591, 1518 (Bands due to skeletal vibrations of
the benzene ring), 2235 (C=N stretch), 2578, 2542, 2453
(N-H stretch) and 2839, 2956, 2937 cm-1 (C–H stretch). All
the above characteristic peaks appeared in the spectra of
formulations at the same wavenumbers indicating no
modification or interaction between the drug and polymers.

Fig.1:  FTIR spectra of verapamil and its formulations
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Differential scanning calorimetry

DSC studies were carried out for verapamil pure drug,
physical mixture and its formulations. DSC thermograms
of verapamil and its formulations are shown in figure 2.
The melting point of verapamil is 140-144ºC. The DSC
thermogram of verapamil showed an endothermic peak at
144.32ºC corresponding to its melting temperature, which
was also detected in the thermograms of formulation,
signifying no change in crystal form and interaction between
the polymers.

Fig.2 : DSC thermograms of verapamil and its formulations

Physicochemical evaluation of verapamil patch

The % drug content of patches was found to be
98.27±1.37, 98.5±1.51, 98.63±0.76 and 98.33±1.56 for the

formulations F 1, F 2, F 3 and F 4 respectively. The weight
of the patches was found to be 26.22±0.35 mg, 27.09±0.18
mg, 28.28±0.47 mg and 27.28±0.16 mg for the formulations
F 1, F 2, F 3 and F 4 respectively.  The thickness was
found to be 281±2.08 µm, 246±1.52 µm, 249±2.00 µm and
261±2.51 µm for the formulations F 1, F 2, F 3 and F 4
respectively. The mean folding endurance values were found
to be 181±9.16, 213±7.02, 273±2.51 and 223±7.5 for the
formulations F 1, F 2, F 3 and F 4 respectively. Folding
endurance of the patches was in the order F 3>F 2>F 4>F
1. F 3 showed maximum folding endurance may be due to
the presence of eudragit. The folding endurance of all the
patches was optimum, the patches exhibited good physical
and mechanical properties. The overall moisture uptake was
low (~10%), which was satisfactory for the patches. Thus
the general physical properties are satisfactory.

In vitro permeation studies
In vitro permeation studies for the patches were carried

out in triplicate and after 24 hours the release was found to
be 76.19±6.01, 92.71±7.81, 66.46±5.71 and 83.63±5.81%
for the formulations F 1, F 2, F 3 and F 4 respectively
(figure 3). The data of In vitro permeation was analyzed by
one way ANOVA and significant difference was observed
between the means. In vitro permeation study of formulation
F 2 showed a maximum release of the drug, 92.71±7.81%
in 24 hr and this formulation was considered as optimized
one and used for further study. The order of drug release is
F 2>F 4>F 1>F 3.

Fig. 3 : In vitro permeation profile of verapamil patches

Formulation containing SCMC (F 2) showed maximum
swelling and a gel layer was formed on the surface which

Table 2

Physical evaluation of verapamil patches

Parameter

Formulation % Drug Weight Thickness Folding Moisture Loss of
content variation (mg) (µm) endurance Uptake(%) moisture(%)

F 1 98.27±1.37 26.22±0.35 281±2.08 181±9.16 2.06±0.53 2.34±1.16

F 2 98.5±1.51 27.09±0.18 246±1.52 213±7.02 4.78±0.13 3.13±1.32

F 3 98.63±0.76 28.28±0.47 249±2.00 273±2.51 3.5±0.71 2.97±0.91

F 4 98.33±1.56 27.28±0.16 261±2.51 223±7.50 1.75±0.06 1.2±0.16
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may be due to more hydrophilic nature of SCMC. When
swelling is prevalent, drug diffusion may occur through the
solvent-filled pathways of swollen patch. Erosion of
polymer matrix can also affect the drug release. The loosely
bound polymer molecules in these patches eroded readily,
allowing faster release of verapamil from the patches. F 4,
shows slow release of the drug which may be due to the
high viscous nature of HPMC K15M. In addition, HPMC
K15M forms a thick gel (diffusion path length) that acts as
a barrier for drug diffusion and prevents matrix
disintegration and additional water penetration. Formulation
F 4 showed faster release, which may be due to presence
of carbopol and HPMC. Carbopol undergo ionization and
activates negative charges at the backbone of polymer.
Repulsion between these like charges leads to uncoiling of
the polymer to produce an extended structure capable of
greater uptake of water. Thus owing to generation of pores
by HPMC and uncoiling of carbopol, the system absorbs
more water and there by promotes diffusion, which in turn
leads to an increase in release of drug. Presence of eudragit
in formulation F 3 slower the drug release, which may be
due to water insolubility of eudragit, lower dissolution and
slower erosion of films.

The drug release data obtained were fitted in to zero
order, first order, Higuchi and Korsmeyer-Peppas equations
to know the mechanism of drug release from these
formulations. The in vitro permeation profile of F 1 & F 2
formulations could be best expressed by Korsmeyer-Peppas
model, as the plots showed highest linearity (r2: 0.9941 &
0.9904 respectively) and F 3 & F 4 formulation could be
best expressed by zero order model, as the plots showed
highest linearity (r2:  0.997 & 0.9927 respectively). All the

formulations showed a non- Fickian release pattern as it
was evidenced from the release exponent (n > 0.5) (table
3). This indicates coupling of the diffusion and erosion
mechanism, called anomalous diffusion and shows that the
drug release is controlled by more than one process.  So,
the suggested drug release mechanism for verapamil patches
may be combination of diffusion and erosion of polymer
matrix.

The mean steady state flux (J
ss
) was found to be

0.6229±0.04, 0.771±0.05, 0.5358±0.02, 0.7003±0.05 mg/
cm2/hr and the permeability coefficient was found to be
0.0771±0.01, 0.0536±0.002, 0.07±0.01, 0.0623±0.004 cm/
hr for the formulations F 1, F 2, F 3 and F 4 respectively.

Stability studies
Accelerated stability studies were performed for

optimized formulation (F 2) as per ICH Q1A (R2) guidelines
at 40±2ºC and 75±5% RH for 6 months. After specified
duration, visual examination of the patches did not show
any change in morphology. The results of the stability
studies revealed that there were no significant changes in
drug content and in vitro permeation. The cumulative
percentage of verapamil permeated in 12 h was found to be
84.93±3.56%. Flux and permeability coefficient of
verapamil was found to be 0.7235±0.05 mg/cm2/hr and
0.072±0.01 cm/hr respectively for the optimized formulation
after stability study.

Conclusion
Transdermal patches of verapamil were prepared by

solvent evaporation technique. The patches exhibited good
physical properties. The in vitro permeation patches was

Table-3

Correlation coefficient (r2) and rate constant of different kinetic models for verapamil patches

Formulation n value                      Correlation coefficient (r2)    Drug transport
Zero order First order Higuchi Peppas mechanism

F 1 0.9098 0.9937 0.9651 0.9555 0.9941 Non - Fickian diffusion

F 2 0.8317 0.9529 0.9869 0.9790 0.9904 Non - Fickian diffusion

F 3 0.9440 0.9970 0.9768 0.9593 0.9956 Non - Fickian diffusion

F 4 0.8641 0.9927 0.9663 0.9601 0.9917 Non - Fickian diffusion

Table - 4

In vitro permeation flux and permeability coefficient of verapamil patches

Formulation Flux (J
ss
) (mg/cm2/hr) Permeability coefficient (cm/hr)

F 1 0.6229±0.04 0.0623±0.004

F 2 0.771±0.05 0.0771±0.01

F 3 0.5358±0.02 0.0536±0.002

F 4 0.7003±0.05 0.07±0.01
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attempted using Franz diffusion cell, with and rat skin.
Good results were obtained both in vitro conditions for
patches. The statistical investigation of in vitro permeation
data showed that the coupling of the diffusion and erosion
is the mechanism of drug release. From the present
investigation, it can be concluded that transdermal patches
of verapamil may provide sustained delivery for prolonged
periods in the management of hypertension, which can be a
good way to bypass the extensive hepatic first-pass
metabolism.
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