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ABSTRACT

Mucoadhesive drug delivery systems interact with the mucus layer covering the mucosal epithelial surface and
increase the residence time of the dosage form at the absorption site. The drugs which have local action or those
which have maximum absorption in gastrointestinal tract (GIT) require increased duration of stay in GIT. Thus,
mucoadhesive dosage forms are advantageous in increasing the drug plasma concentrations and also
therapeutic activity. Silymarin (SLM) is an effective hepatoprotective drug used in therapeutic practice today.
However, its absorption is in stomach and needs to be retained in the same for prolonged period. So SLM is
suitable candidate to develop into mucoadhesive drug delivery system. The objective of the present study was
to formulate mucoadhesive microspheres of Silymarin and carryout evaluation of the formulated microspheres.
In the present study, five formulations of microspheres with variable concentrations of mucoadhesive polymer
and film forming polymer (HPMC & EC) were prepared by Emulsification solvent evaporation method and
evaluated for physico-chemical, preformulation and formulation parameters. Compatibility studies proved that
there was no interaction between Silymarin and polymers used. Silymarin microspheres were smooth and
spherical in nature, which was confirmed by SEM. The in vitro performance of SLM microspheres showed
controlled release depending on the concentration of mucoadhesive polymer. Finally it can be concluded that
mucoadhesive microspheres encapsulated with optimum concentration of mucoadhesive polymer and film
forming polymer showed better results in all the evaluated parameters making it a potential candidate for
controlled release drug delivery system.
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INTRODUCTION

Oral route of drug administration constitutes the most
convenient and preferred means of drug delivery to
systemic circulation in the body. However oral
administration of most of the drugs in conventional
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dosage forms has short-term limitations due to their
inability to restrain and localize the system at
gastrointestinal tract. In order to circumvent this
problem, it has been proposed, to associate drugs to
polymeric particulate systems because of their
propensity to interact with the mucosal surface. This
property is not only used for the local targeting of
drugs but also for a better control of systemic delivery.

Thus the real issue in the development of oral
controlled release drug delivery systems is to provide
drug release in an amount sufficient to maintain the
therapeutic drug level over extended period of time,
through the predominantly controlled release profiles
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by special technological construction and design of the
system itself. The idea of using bioadhesive polymers
to prolong the contact time in the mucosal route of
drug delivery was introduced in early 1980s, and since
then it has attracted considerable attention from
pharmaceutical scientists. The  concept  of
mucoadhesive drug delivery is based on the
bioadhesive property of certain polymers that becomes
adhesive on hydration and hence can be used for
localizing the drugs to a particular region of
gastrointestinal tract and to extend the gastric residence
time. Once the dosage form sticks to the mucosal
surface of gastric tissue, it will reside there until
removed by turnover of mucins. Recent advances
pertaining to drug delivery systems incorporate
different type of polymers within the matrix of drug
delivery systems to protect the active ingredient and to
induce slow release characteristics. [1-6]

There has been considerable interest in the field of
mucoadhesive drug delivery systems since the
immobilization of drug carrying particles at mucosal
surface would result in:

1. A prolonged residence time at the site of drug
action or absorption. 7]

2. A localization of drug action of the delivery
system at a given target site. [8-]

3. An increase in the drug concentration gradient
due to the intense contact of particles with the
mucosal. [10]

4. A direct contact with intestinal cells that is the
first step before particle absorption.

Microspheres form an important part of novel drug
delivery systems. However, the success of these
microspheres is limited owing to their short residence
time at the site of absorption. It would, therefore, be
advantageous to have means for providing an intimate
contact of the drug delivery system with the absorbing
membranes. This can be achieved by coupling
bioadhesion characteristics to microspheres and
developing bioadhesive microspheres. [11-16]
Bioadhesive microspheres have advantages such as
efficient absorption and enhanced bioavailability of
drugs owing to a high surface-to-volume ratio, a much
more intimate contact with the mucus layer, and
specific targeting of drugs to the absorption site.
Mucoadhesive microspheres that are retained in the
stomach would increase the drug absorption and
decrease dosing frequency which provides better
patient compliance as compared to conventional
dosage forms. [17-19]

In the present work Silymarin (SLM) was chosen as the
drug to formulate the gastro retentive drug delivery
system like mucoadhesive microspheres. Silymarin
(SLM) is one of the most powerful drugs for the hepatic
diseases. It is known for its hepatoprotective action
against hepatic glutathione depletion induced by ethyl
alcohol and paracetamol in animal studies. Silymarin
degrades as the pH increases. Hence it is necessary to

dissolve it in less pH for the protection of the drug and
to reduce the gastric disturbance and more over, the
site of absorption of SLM is in the stomach pH. Hence it
is suitable to formulate silymarin as mucoadhesive
microspheres to reduce frequency of dosing, prevent
the drug from degradation in the intestinal pH and
increases its shorter biological half life. [20-21]

The SLM is degraded as the pH increases so it is
necessary to dissolve in the less pH for the protection of
the drug and to reduce the gastric disturbance and
more over, the site of absorption of SLM is in the
stomach pH. Hence it is suitable to formulate SLM as
mucoadhesive microspheres to reduce frequency of
dosing and to prevent the drug from degradation in the
intestinal pH. To overcome inherent drawbacks
associated with conventional dosage forms of
Silymarin, an attempt is being made to develop an
alternative drug delivery system in the form of
mucoadhesive microspheres which increases its
stability, biological half life and bioavailability in
stomach.

MATERIALS & METHODS

Preparation of Mucoadhesive Microspheres of
Silymarin: [2221  For present study, variable
concentrations of film coating polymer ethyl cellulose
combined with mucoadhesive polymer hydroxy propyl
methyl cellulose are used with the active ingredient for
preparation of mucoadhesive microspheres.

Accurately weighted amount of the Mucoadhesive
polymer hydroxy propyl methyl cellulose and film
forming polymer ethyl cellulose as shown in Table 1
were dissolved in 50 ml of acetone to form a
homogenous polymers solution. Silymarin was then
dispersed in it and mixed thoroughly. This organic
phase containing drug was slowly poured at 150°C into
liquid paraffin (50 ml) containing 1% (w/w) of Span-80
with stirring at 1000 rpm to form a uniform emulsion.
Thereafter, it was allowed to attain room temperature
and stirring was continued until residual acetone
evaporated and smooth-walled, rigid and discrete
microspheres were formed. The microspheres were
collected by decantation and the product was washed
with petroleum ether or n- hexane and dried at room
temperature for 3 hours. The microspheres were then
stored in a desiccators over fused calcium chloride.
Evaluation of Drug Loaded Mucoadhesive
Microspheres

Drug polymer interaction (FTIR) study: ¥ Drug
polymer interactions were studied by FT-IR
spectroscopy. One to 2 mg of Silymarin alone, mixture
of drug and polymer, drug loaded microspheres were
weighed and mixed properly with potassium bromide
uniformly. A small quantity of the powder was
compressed into a thin semitransparent pellet by
applying pressure. The IR- spectrum of the pellet from
500-4000 cm was recorded taking air as the reference
and compared to study any interference.
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Scanning Electron Microscopy (SEM): [%] Scanning
electron microscopy has been used to determine
particle size distribution, surface topography, texture,
and to examine the morphology of fractured or
sectioned surface. Dry Silymarin mucoadhesive
microspheres were placed on an electron microscope
brass stub and coated with in an ion sputter. Picture of
Silymarin microspheres were taken by random
scanning of the stub.
Frequency distribution analysis: [2¢l The diameter of a
sample of mucoadhesive microspheres (300 no) of each
formulation was determined using optical microscopy.
In order to be able to define a frequency distribution or
compare the characteristics of particles with many
different diameters, the frequency distribution can be
broken down into different size ranges, which can be
presented in the form of a histogram.
Percentage yield: 2] Percentage practical yield of
Silymarin microspheres was calculated to know about
percentage yield or efficiency of any method, thus it
helps in selection of appropriate method of production.
Practical yield was calculated as the weight of
Silymarin microspheres recovered from each batch in
relation to the sum of starting material.
The percentage yield of Silymarin microspheres
prepared was determined by using the formula.
Percentage Yield = Actual weight of product/Total
weight of drug and polymer x 100
Drug Content: 8] To determine the drug content and
encapsulation efficiency of the mucoadhesive
microspheres, 200 mg microspheres were crushed
using a porcelain mortar and a pestle, and dispersed in
suitable solvent (methanol). The dispersion was
sonicated for 15 minutes and left overnight for 24 hrs,
then the dispersion was filtered. A 1 ml sample was
taken and diluted with suitable solvent (methanol), and
drug content assayed using a UV-visible
spectrophotometer at Amax of 287 nm. The drug content
of each formulation was recorded as mg / 200 mg of
microspheres.
Drug Entrapment Efficiency: 2l The drug entrapment
efficiency of prepared microspheres was determined by
using the following equation.
EE (%) = [Actual Drug Content / Theoretical Drug
Content] x 100
Drug Loading was calculated as:
DL (%) = [Actual Drug Content / Weight of Powdered
Microspheres] x 100
Degree of Swelling: [0 The swell ability of
microspheres in physiological media was determined
by swelling them in the PBS pH 6.4. Accurately
weighed 100 mg of microspheres were immersed in
little excess of PBS pH 6.4 for 24 hrs and washed.
The degree of swelling was calculated using following
formula:
a= (Ws'wo) / W,
Where a is the degree of swelling; W, is the weight of
microspheres before swelling; W; is the weight of
microspheres after swelling.
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Table 1: Formulation Design of Silymarin Mucoadhesive Microspheres

S. Ingredients Formulation Code

No. Fi(9) Fa(@)  Fs(@  Fa(@)  Fs(9)
1 Silymarin (SLM) 1 1 1 1 1

2 HPMC 0.1 0.15 0.2 0.25 0.3
3 Ethyl Cellulose 0.8 0.75 0.7 0.65 0.6
4 Liquid Paraffin (ml) 50 50 50 50 50
5 Span 80 (ml) 1 1 1 1 1

Table 2: Percentage Yield, Particle Size, Percent Encapsulation, Percent
Drug Loading

Code Percentage  Particle Size Percent Percent Drug
Yield (um) Encapsulation Loading
Fu 74.28 289.43 94.35 25.06
F 76.73 310.54 91.71 23.23
Fs 81.98 320.45 88.91 20.35
Fs 88.86 346.07 86.88 18.14
Fs 94.54 387.75 84.25 16.17
Table 3: Degree of swelling and Percent Mucoadhesion
S. No Formulation Degree of Percentage
) Code Swelling Mucoadhesion
1 Fi 1.03 81.23
2 F> 1.26 85.42
3 Fs 147 89.18
4 Fu 1.59 93.67
5 Fs 1.74 98.91
In vitro Mucoadhesion Studies: Bl [n wvitro

mucoadhesion studies of microspheres were assessed
using falling liquid film technique. A small portion of
the sheep intestinal mucosa was mounted on a glass
slide and accurately weighed microspheres were
sprinkled on the mucosa. This glass slide was kept in
desiccator for 15 min to allow the polymer to interact
with the membrane and finally placed in the cell that
was attached to the outer assembly at an angle of 45°.
Phosphate buffer solution pH 6.4, previously warmed
to 37 £ 5°C was circulated all over the microspheres and
membrane at the rate of 1 ml/min. Washings were
collected at different time intervals and microspheres
were collected by centrifugation followed by drying at
50°C. The weight of washed out microspheres was
determined and percent mucoadhesion was calculated
by following formula:

% Mucoadhesion = (W,-W)) x 100/ W,
Where, W, = weight of microspheres applied; W=
weight of microspheres leached out.
In vitro dissolution studies: 3234 The release rate of
Silymarin mucoadhesive microspheres was determined
by employing USP XXIII apparatus II (Rotating basket
method). The dissolution test was performed using 900
ml 0.IN HCL, in 37 + 0.5°C at 50 rpm. Silymarin
mucoadhesive microspheres equivalent to 100 mg of
Silymarin was used for the study. At various time
points (hourly) 5 ml of the sample solution was
withdrawn from the dissolution apparatus for up to 12
hrs, and the samples were replaced with fresh
dissolution medium. The samples were filtered and the
absorbance was determined at 287nm. Dissolution
profiles of the formulations were analyzed by plotting
cumulative percentage drug release versus time. The
data obtained were also subjected to kinetic treatment
to understand release mechanism.
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Fig. 5: SE Phtograph of Mucoadhesive Microsheres (F)

RESULTS & DISCUSSION

In the current research, mucoadhesive microspheres
encapsulated with Silymarin were formulated using
emulsification solvent evaporation method and
evaluated.

FTIR Studies: The physical mixture of drug and
polymers showed identical spectrum with respect to
the spectrum of the pure silymarin, indicating there is
no chemical interaction between the drug molecule and
polymers used. (Fig. 1-4)

Scanning Electron Microscopy (SEM): Scanning
electron microscopy confirms the outer surface of the
formulations was smooth and dense, while the internal
surface was porous. The shell of microspheres also
showed some porous structure which may be caused
by evaporation of solvent entrapped within the shell of
microspheres after forming smooth and dense layer.
Particle Size and Frequency Distribution Analysis:
The mean particle size of mucoadhesive microspheres
was in range of 289.43-387.75um (Table 2 & Fig. 6). As
the ratio of HPMC was increased, the mean particle size
of SLM microspheres had also increased. The
significant increase may be due to the increase in the
viscosity of the droplets. SLM mucoadhesive
microspheres having a size range of 200 to 500 pm (Fig
7) with normal frequency distribution was obtained.
Percentage Yield: For different formulations
percentage yield was calculated by weighing the
microspheres after drying. The percentage yield of
mucoadhesive microspheres was in range of 74.28 -
94.54% (Table 2 & Fig. 8).

Percent Encapsulation Efficiency and Percent Drug
loading: Entrapment efficiency decreased with increase
in the mucoadhesive polymer concentration. From the
results it can be inferred that there is a proper

tet HFW | x
=TD|10.0 mm(21.3 ym

distribution of SLM in the microspheres and the
deviation were within the acceptable limits. The
percent of drug content in the formulations were found
to be in the range of 16.17% to 25.06%. The percentage
entrapment efficiency was found to be 84.25% to
94.35%. The results obtained are given in Table 2 and
their histograms are shown in Fig. 8.

Degree of swelling and Percent Mucoadhesion:
Degree of swelling and percentage mucoadhesion of
the formulations were carried out and were found to be
within the range between 1.03 to 1.74 and 81.23 to
98.91%. Both parameters increased with increase in the
concentration of mucoadhesive polymer.

In vitro Dissolution Studies: The in vitro performance
of SLM microspheres showed prolonged and controlled
release of SLM. The results of the in vitro dissolution
studies showed controlled release in a predictable
manner. As the mucoadhesive polymer concentration
was increased, the drug release from the mucoadhesive
microspheres was found to decrease. However, all the
formulations had an optimum release at the end of 12th
hour. The in vitro release profiles of all the formulations
(F1 to Fs) are shown in Table 4 and Fig. 9.

Release kinetics of Silymarin Mucoadhesive
Microspheres: The slopes and the regression co-
efficient of determinations (r?) were listed in Table 5.
The co-efficient of determination indicated that the
release data was best fitted with zero order as-well-as
first order kinetics. Higuchi equation explains the
diffusion controlled release mechanism. The diffusion
exponent ‘n’ values of Korsemeyer-Peppas model was
found to be in the range of 0.5 to 0.6 for the SLM
mucoadhesive microspheres indicating Non-Fickian
release of drug.
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Table 4: In wvitro release data of Silymarin Mucoadhesive
Microspheres

Fig. 6: Average diameter of Silymarin Mucoadhesive microspheres

Time Percentage Cumulative drug release

(hrs) F1 F F; Fy Fs
0 0 0 0 0 0
1 18.57 20.12 221 241 26.5
2 39.54 34.96 37.67 39.67 42.67
3 29.15 43.53 46.43 48.43 52.69
4 47.54 50.28 54.78 56.78 59.09
5 54.18 57.83 61.27 62.27 65.82
6 60.07 63.06 65.3 68.3 70.26
7 66.46 69.03 7224 74.24 76.91
8 72.36 7446 77.61 79.61 83.42
9 77.81 79.9 83.89 85.89 88.58
10 81.33 84.94 86.61 88.61 92.61
11 85.47 88.18 91.97 93.97 95.19
12 87.66 91.66 94.58 96.58 98.55
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Table 5: Regression co-efficient (r?) values of different kinetic models
and diffusion exponent (n) of Peppas model for Silymarin

Microspheres
. Zero First Higuchi Peppas plot
Formulation order order Matrix R?value  ‘n’ value
F 0.888 0.953 0.990 0.970 0.599
F2 0.935 0.903 0.997 0.996 0.537
Fs 0.908 0.911 0.996 0.989 0.522
Fy 0.920 0.971 0.997 0.991 0.550
Fs 0.936 0.984 0.997 0.996 0.578

Fig. 7: Frequency distribution of Silymarin Microspheres
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Fig. 8: Percentage Yield, Percent Encapsulation & Percent Drug
Loading
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Fig. 9: Comparative in vitro release profile of Silymarin loaded
microspheres

From the study it is evident that mucoadhesive
microspheres are more promising for controlled release
dosage forms. By studying all the results,
mucoadhesive  microspheres  encapsulated  with
Silymarin can be successfully formulated by
emulsification solvent evaporation method. By
incorporating mucoadhesive polymer such as HPMC
and film forming polymer like ethyl cellulose in the
shell of microspheres, the rate of drug release can be
modulated in a controlled manner. Therefore
formulation F; containing optimum concentration of
mucoadhesive polymer and film forming polymer
showed the best appropriate balance between
mucoadhesion and controlled release and is considered
as the ideal batch of formulation.
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