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ABSTRACT

Objective: The major objective of the research work was to design, optimise and characterise sodium alginate based sustained release
mucoadhesive microcapsules of ramipril by ionic gelation method.

Methods: An experimental set-up was designed to investigate the optimal combination of mucoadhesive polymers such as carbopol
974P, HPMC (K4M and K100M), Na CMC and chitosan and their drug compatibility with respect to reliabilities. Preliminary screening of the
formulation variables was accomplished by Taguchi design followed by Box-Behnken design for systematic optimisation. The suitable mathematical
model was selected, response surface analysis was performed and optimised formulation was chosen by numerical optimization and desirability
function method. Characterization of the prepared microcapsules for several inherent properties like particle size, drug content,
sphericity, entrapment efficiency, loose surface crystal study, swelling index, micromeritic properties, moisture content, in vitro drug release,
mucoadhesive strength and in vivo antihypertensive activity was performed.

Results: Differential Scanning Calorimetry (DSC) thermograms and Fourier Transform Infra-Red (FT-IR) spectral studies revealed no
incompatibility between the pure drug and selected polymers. The spherical nature of the prepared microcapsules was established by surface
morphology studies.

Conclusion: The resultant sustained release mucoadhesive microcapsules of ramipril remained stable when subjected to stress conditions

unveiling it as a better alternative delivery system with superior therapeutic efficacy.
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INTRODUCTION

The oral route is most sought-after for the administration of
drug moleculesto the systemic circulation due to ease of
administration, better treatment and (or) patient compliance and cost-
effective [1]. Despite the tremendous strides inoral drug delivery
systems, the success of conventional dosage forms is limited and often
uttered by inadequate drug residence time in the stomach and small
intestine [2]. On the contrary,the oral sustained release dosage
forms have merits of reduced dosing frequency, enhanced gastric
residence time, and provide desired therapeutic clinical benefits [3].
Mucoadhesive microcapsules are the multiple unit particulate systems
contain mucoadhesive polymers, which provide sustained release
action upon intimate contact with the epithelial mucous membrane
lining [4, 5]. Also, such formulation protects the drug from the gastric
acidic environment, increases the oral bioavailability of drugs and
reduces the variability. Ramipril, an orally long active angiotensin-
converting-enzyme (ACE) inhibitor is a drug of choice for the
treatment of mild to severe hypertension and congestive heart failure.
However, due to the poor aqueous solubility and high first pass
metabolism it often suffers from low bioavailability and poor
treatment. Being a highly lipophilic drug, ramipril exhibits variable
oral absorption and increasing the aqueous solubility, and dissolution
is of greater therapeutic importance [6-10]. The conventional dosage
forms available in the market fail to satiate the needs of enhancing the
oral bioavailability and to improve the patient compliance. This calls
for the development of ramipril loaded novel mucoadhesive multi-
particulate drug delivery systems to enhance its oral bioavailability
with improved pharmacodynamic potential [11, 12]. Optimisation of
pharmaceutical experiments involving both product and process are
being practiced widely for the systematic development of dosage
forms. The design of Experiment (DoE) methodology, in this regard,
helps in designing the experiments by a complete understanding of the
product and process variables and optimisation of them with the help

appropriate experimental design [13, 14]. Examples of various
experimental designs used for screening and optimisation of novel
drug delivery systems include factorial design, Placket-Burman design,
Taguchi design, Central-Composite design, Box-Behnken design (BBD)
and mixture design, etc. [15]. As discussed, the mucoadhesive drug
delivery systems contain polymers of diverse chemical nature, thus
requires optimization of them to obtain the robust formulations with
desired therapeutic performance [16].

The present studies, therefore, aims to prepare the mucoadhesive
microcapsules of ramipril by ionic gelation technique employing
various polymer viz. sodium alginate, carbopol 974P, HPMC K4M,
HPMC K100M, Na CMC and chitosan. Initially, different batches of
microcapsules were prepared by ionic gelation technique to
evaluate the suitability of a particular mucoadhesive polymer.
Further, the preliminary prototype formulations were prepared as
per suitable screening design, i.e., Taguchi design and evaluated for
selecting the influential variables. Further, the mucoadhesive
microcapsules were optimised using the Box-Behnken design for
influential factors to obtain the robust formulations. The optimised
microcapsules were evaluated for physiochemical characterizations,
in vitro and drug release. Also, the microcapsules were screened by
FT-IR, DSC and SEM for the distribution of drug in solid state
characterization and to investigate the morphological shape of the
optimized formulation.

MATERIALS AND METHODS

Ramipril was generously gifted by M/s Ranbaxy Labs Ltd., Gurgaon,
India. Various polymers like sodium alginate, HPMC (K4M and K100M)
were provided by Colorcon, Goa, India; while Himedia, Mumbai, India,
provided CaClz, carbopol 974P, Na CMC and chitosan. All other
chemicals and reagents like potassium dihydrogen phosphate and
sodium hydroxide used were of analytical reagent (AR) grade. Deionized
water (distilled) was used throughout the experimental procedure.
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Preparation of mucoadhesive microcapsules

A homogeneous solution was prepared by dissolving required
quantities of sodium alginate and selected mucoadhesive polymers in
sufficient amount of distilled water. The requisite amount of drug was
added to the polymer solution and mixed thoroughly with the help of a
mechanical stirrer at a speed of 1000 rpm for 1h to form a viscous
dispersion. Subsequently, the resultant drug-polymer dispersion was
slowly added in a dropwise manner into a previously prepared 10%
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w/v calcium chloride solution manually with the help of syringe
through the 18-size needle. The added droplets were retained for 3h
in contact with calcium chloride solution to allow complete curing of
the reaction and production of spherically rigid microcapsules. The
collection and processing of the microcapsules were done by
decantation followed by washing with distilled water and drying for
12 h at 45 °C.The composition of preliminary trial batches of
mucoadhesive microcapsule formulations of ramipril is shown in
table 1.

Table 1: Preliminary formulation design of mucoadhesive microcapsules (drug: sodium alginate: mucoadhesive polymer: 5: 4: 1) by ionic
gelation technique

Ingredients (mg) Batch code

B1 B2 B3 B4 B5 B6
Ramipril 500 500 500 500 500 500
Sodium alginate 1600 1600 1600 1600 1600 1600
Carbopol 974 P - 400 - - - -
HPMC K4M - - 400 - - -
HPMC K 100M - - - 400 - -
Na CMC - - - 400 -
Chitosan - - - - - 400
CaClz (%w/v) 10 10 10 10 10 10
Distilled water QS QS QS QS QS QS
QS: Quantity sufficient
Screening and optimisation of formulations by using the desirability of responses was examined by a response surface

experimental designs

In order to optimize the mucoadhesive microcapsule formulations,
initially, the most influential factors were screened out by Taguchi design
[17]. A total of seven different factors were selected at their respective
ranges for microcapsule formulations to evaluate their effect on the
chosen responses, as shown in table 2. From the study, only significant
factors were selected and such factors must be more strictly controlled
during the execution of the method. The impact of these factors on the
performance criteria of the microcapsule formulations with respect to

methodology based BBD. The mucoadhesive microcapsules were
prepared as perthe suggested experimental runs and examined for
key response variables [Drug release (%), in vitro mucoadhesion (%),
drug entrapment (%) and particle size (um)].

Thirteen formulations of ramipril is loaded mucoadhesive micro-
capsules were designed by ionic gelation technique [18]. Five
coefficients (B1 to B5) were calculated with 30 as the intercept, as
described in the general polynomial Equation-1.

Y=Bo+B1X1+B2X2+B3X3+B4Xs+P5X5----mmmmmmmmmmmm (1)

Table 2: Formulation and process variables with their respective high and low level investigated using Taguich design

Trials Sodium alginate HPMC K100M Cross-linking time Calcium chloride Span 80 Stirring speed _ Stirring time
1 -1 -1 1 -1 -1 1 -1

2 -1 1 -1 1 1 -1 1

3 -1 1 1 -1 1 1 1

4 1 1 1 -1 -1 -1 1

5 1 -1 -1 -1 1 -1 1

6 1 -1 -1 -1 -1 1 -1

7 1 1 1 1 1 1 1

8 1 -1 -1 1 1 1 -1

Low level (-1); High level (+1): Sod. alginate (mg) 400(-1) and 1600 (+1); HPMC K100M (mg) 100(-1) and 400(+1); Cross linking time (h) 3 (-1) and
6 (+1); Calcium chloride (%w/v) 5 (-1) and 15 (+1); Span 80 (%w/w) 3 (-1) and 5 (+1); Stirring speed (rpm) 1000 (-1) and 2000 (+1) and Stirring

time (min), 30 (-1) and 60 (+1).

Selection of factor levels

The results obtained from Taguchi design were analysed
comprehensively. Amongst the various screened variables, the most
influential factors, i.e., the amounts of Na alginate, HPMC K100M,
cross-linking time (h) and conc. of CaCl: (%w/v) were finally
selected for further formulation optimisation work. Various
mucoadhesive microcapsules were prepared by varying the
amounts of Na alginate, HPMC K100M, cross-linking time (h) and
conc. of CaClz (%w/v) in accordance to BBD [19].

The four factors with three levels of low (-), nominal (0) and high (+)
were studied in the BBD for 13 experimental runs (table 3). All the
experiments were performed in triplicate. The formulations were
investigated for drugrelease (%), in vitro mucoadhesion (%), drug
entrapment (%) and particle size (um) [20].

Optimisation data analysis

Optimisation by BBD facilitates the development of polynomial
models to assess the statistical significance of the variable influences
being studied including the interaction and quadratic terms for all
the responses using the following Equation-2.

Y=Bo+PB1X1+B2X2+P3 X1X2+B4X12+B5X22+B6X1X22+B7X12------------
(2

Where, B0 is the intercept representing the quantitative results of all
the experimental runs; f1 to B7are the regression coefficients
figured out from the predicted response values of Y; X1 to X4 are the
independent variables selected from Taguchi design.

Design Expert® software (Stat-Ease, USA) was employed to fit
second-order polynomial equations with auxiliary tools to correlate
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the examined responses with the studied variables. 3D response
curves and contour plots were formed to demonstrate the
polynomial regression results. A feasibility search using MS-Excel to
find the suitable region for further location of optimum formulation
was carried out on the basis of trade-off values of response variables
for maximum responses criteria of drug release (10h)>75%, in vitro
mucoadhesion (10h)>90%, drug entrapment>45% and particle
size>1000 um. Within the selected feasible regions, an extensive grid
search was subsequently performed to further narrow down the
region of the optimal formulation. Overlay contour plot and
desirability function tools of the Design Expert software were also
employed to locate the optimised formulation.

Rao et al.
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Validation of the optimisation methodology

Thirteen formulations were designed to validate the methodology for
systematic optimisation as shown in table 3. The mucoadhesive
microcapsules were formulated using the composition given by BBD
and evaluated for drug release (%), in vitro mucoadhesion (%), drug
entrapment (%) and particle size (um). The observed and predicted
responses for the formulations were critically correlated, and
the percent prediction error was calculated. Linear correlation plots
between predicted and observed responses of the checkpoint
formulations were constructed, and the residual graphs were plotted.

Table 3: Obtained responses of selected experimental runs as per Box-Behken design

Formulation Sodium HPMC Cross Concentration Drug Mucoadhesion Drug Particle
code alginate K100M linking of CaCl: release (%) entrapment size (uM)
(mg) (mg) time (h) (% w/v) (%) (%0)
F1 -1 -1 0 0 71.35 65 12.51 1005.43
F2 1 1 0 1 45.56 88 12.22 1014.22
F3 -1 0 -1 0 66.54 74 22.56 1099.15
F4 1 -1 0 1 48.43 79 31.44 1173.59
F5 0 0 0 1 67.31 64 21.67 1059.87
F6 -1 1 0 -1 69.34 81 11.58 1012.42
F7 0 1 1 -1 71.05 71 33.24 1022.13
F8 1 0 1 0 45.26 72 13.59 1067.28
F9 1 0 -1 1 44.61 68 23.14 1176.43
F10 0 -1 1 -1 46.11 61 32.52 1189.45
F11 -1 0 1 -1 68.23 73 31.23 1162.36
F12 0 1 -1 0 45.84 72 30.48 1054.65
F13 0 -1 -1 0 55.88 56 28.45 1028.12

Low level (-1), int. level (0) and high level (+1): Sodium Alginate (mg) 400, 1000 and 1600; HPMC K100M (mg) 100, 250 and 400; Cross linking time

(h) 3, 4.5 and 6 and Concentration of CaClz (%w/v) 5, 10 and 15

Characterization
Production yield and drug content

All batches of dried mucoadhesive microcapsules as per the study
design were accurately weighed to calculate the percent yield. For
calculation of the percent drug content in the prepared
microcapsules, an amount of microcapsules, equivalent to 25 mg of
ramipril was weighed, powdered, suspended in 100 ml of phosphate
buffer pH 6.8 and kept a side for 24h for complete solubilization.
The resultant dispersion was filtered through a Whattman filter
paper  and spectrophotometrically measured atAmax 231 nm
(Shimadzu 1800 UV-ENG240V, Japan) [21]. The total drug content
was determined by employing absorbance obtained in the linear
regression equation (Y=0.010X-0.011) of the calibration curve.

Drug entrapment efficiency

The efficiency of drug entrapment was determined spectro-
photometrically (Amax 231 nm) using the dispersion containing
microcapsules equivalent to 25 mg of ramipril in phosphate buffer
(pH 6.8). The following equation-3 was used to calculate the drug
entrapment efficiency [23].

Actual drug content

Entrapment efficiency = x 100 — — — (3)

Theoritical drug content
Loose surface crystal study

Loose surface crystal study was performed to calculate the
excess amount of drug present on the surface of prepared microcapsules.
For this, 100 mg of microcapsules were shaken in 20 ml of phosphate
buffer (pH 6.8) for 5 min and filtered through 0.45 pm membrane filter.
The filtrate was taken and analysed spectrophotometrically to
determine the amount of drug present [23].

In vitro wash off test

The mucoadhesive property ofthe prepared microcapsules was
evaluated bythe in vitrowash-off technique. Freshly excised a
piece of goat intestinal mucosa collected from the local slaughter

house were cut into appropriate pieces, and the required pieces were
mounted on glass slides tied with thread. About25 micro-
capsules were spread out on each piece of the tissue specimen and
then hung from the arm of the modified tablet disintegration test
apparatus. The disintegrating test apparatus was operated in such a
way that the mucosa was exposed to the media (both phosphate buffer
(pH 6.8) and 0.1 N HCl maintained at 37+0.5 °C), with regular 10-12
dips per minute. The test was performed up to 6 h and at a regular
interval of 1 h, the total number of microcapsules adhered to the
intestinal mucosa were counted, and percentage mucoadhesion was
calculated [24].

Percent moisture loss

Percentage moisture loss for the selected microcapsules
formulations was evaluated to know their hydrophobicity.
Microcapsules were accurately weighed (W1) and Kkept ina
desicator containing calcium chloride at 37 °C for 24 h. The weight of
the sample was checked at regular interval of time until there is no
further change in weight and noted as W2. Finally, the
percentage moisture content was determined by equation-4 [25].

- W2
X

Percentage moisture loss = 100 ——————— 4)
w1
Micromeritic properties of microcapsules
The selected microcapsules formulations were evaluated

for various micrometric properties like Carr’s index, the angle of
repose and Hausner’s ratio. All the tests were performed as per
the procedure is given in USPXXXI. Fixed funnel method was
employed to determine the angle of repose (equation-5). For
determination of tapped density, microcapsules were tapped
using USP tapped density tester (Electrolab, model ETD-1020,
Mumbai) for 100 taps and the change in volume was
measured [26]. Equation 6 and 7 were used to calculate Carr’s
index and Hausner’s ratio respectively.
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Where, O is the angle of repose, h = height and r = radius of the
powder pile in cm.

Bulk density — Tapped density y

Carr's Index = 100 — — — — — —
ares fndex Bulk density
——————————————————— (6)
; . Bulk density
Hausner sratio=—————— - — - — — — — — — — — — 7
Tapped density

Particle size

The particle size ofthe prepared microcapsules was measured by
optical microscopy. Accurately weighed 50 mg of the microcapsules
of each batch were mounted on a micrometre slide and observed
under a microscope to observe the particle size [27]. The particles
size was obtained in terms of circulatory factor (S), which can be
calculated by using equation-8;

P xP

SThsexA T T T TTTTTTToOC @

Where, A is area (cm?) and P is the perimeter of the circular tracing.
Sphericity

The particle shape (sphericity) was measured by calculating
circulatory factor (S). The tracing obtained from the trainocular
microscope was used to calculate area (A) and volume (V) [27]. This
will indicate the approximate shape of the prepared
microcapsules calculated by using equation-9;

6Vp

Sphericity ((I)S) = m

——————————————— 9
Where, Vp (volume of microcapsules) = md3/6, Ap (area) =nd? = 4mr?
and Dp (diameter) =d

Swelling index

The swelling index was determined by keeping the prepared
microcapsules in phosphate buffer (pH 6.8) solution for 24h. After
overnight wetting, the swollen microcapsules were collected, and
their weight was noted. From the weight of the microcapsules before
and after wetting, the swelling index was calculated by following
equation-10 [27].

S, = W, =W, x

W,

w

O - (10)

Where, Sw = Percentage of swelling of microcapsules, W. =
Weight of the microcapsules at time t, W, = Initial weight of the
microcapsules.

In vitro drug release study

The prepared microcapsules were evaluated for drug release with
the aid of a dissolution apparatus, USP Type-I (Electrolab TDT-06P
Mumbai, India). Phosphate buffer (pH 6.8) was used as the
dissolution media and the apparatus was set to maintain 37+0.5
°C temperature with a rotational speed of 50 rpm. Once the study
started an aliquot of 5 ml samples were withdrawn at specified
time intervals (0, 1, 2, 3, 4, 6, 8, 10 and 12 h). Every time soon after
the sample withdrawal, an equal amount of fresh medium was
replaced to maintain the sink condition. The samples were filtered
through a membrane filter (0.45 pm) before subjecting to
spectrophotometric quantitation. The drug concentration for all
the samples was calculated on the basis of the UV absorbance and
the cumulative percentage drug release versus time
was plotted to compare the in vitro drug release from the selected
microcapsule formulations [28].

Fourier-transformed infrared (FT-IR) spectroscopy

Possible drug-polymers interactions, if any were characterised by
FT-IR spectroscopy (Shimadzu, Tokyo, Japan). The FT-IR spectra
were obtained for the pure drug, a physical mixture of the drug
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with selected polymers and optimised microcapsules employing KBr
pellet technique [29].

Differential scanning calorimetry (DSC)

The drug-polymers compatibility study at elevated temperature was
also performed in a DSC apparatus (Shimadzu DSC 60, Tokyo,
Japan). DSC thermo grams were obtained for the pure drug, a
physical mixture of the drug with the selected polymers and
optimised microcapsules. During DSC study, samples were heated in
a nitrogen atmosphere (flow rate, 20 ml min') from 30-300 °C at a
heating rate of 10 min-1[30].

Scanning electron microscopy (SEM)

The surface picture of the optimised microcapsules was captured to
study their surface morphology and shape employing SEM (Joel
Scanning Microscope JSM-5800, Denton, USA). The dried
microcapsules were mounted on brass stub using carbon paste and
subjected to gold coating to make the surface electrostatic and kept
in a desiccator. The stub was mounted on the sample holder tray in
the electron microscope, and the acceleration voltage of 20 kv was
used with secondary electron image as the detector to observe the
surface picture of the microcapsules [31].

In vivo pharmacodynamics studies

The in vivo study protocol was designed as per the guidelines of
CPCSEA and permitted by the Institutional Ethical Committee,
Roland Institute of Pharmaceutical Sciences, Berhampur under
the protocol number RIPS/IAEC/46/2011. Eighteen male Wistar
rats (200-250 gm) of either sex, equally divided into three
groups (GroupA, BandC) were taken for the in vivo
antihypertensive activity. Each group of animals was accommodated
in individual polypropylene cages (six per cage) under standard
laboratory conditions, at 25+2C temperature and 55+5% RH with
water ad libitum and standard diet (Lipton feed, Mumbai, India).
Before commencement of  the study, to moderate
the instinctive variationsin blood pressure (BP), animals were
acquainted with the experimental cage by bringing them into the
restraining cage 3-4 times a dayfor a period of 30 min. After
attaining at the normal condition the initial systolic BP
of normotensive animals were recorded using the tail-cuff technique
(noninvasive) based small animal tail blood pressure system,
(NIBP200A, Biopac System Inc., California, USA). In the subsequent
step of the study, induction of hypertension in all the 3 groups of
animalswas  performed by subcutaneous injection of
methylprednisolone acetate (MPA) (20 mg/kg/week) for 2 w [32].
After induction of hypertension, the animals in the Group A were
treated as control where no treatment was given. However, the
animals in Group B and Group C were considered as treatment
groups were given oral suspension of pure drug and optimised
microcapsule formulation, each equivalent to20mg of ramipril
respectively. The mean systolic BP of animals was recorded after
treatment at predetermined time intervals (0, 0.25, 0.5, 1, 2, 4, 6, 8,
and 12 h). A plot was made between mean systolic BP (mm of Hg)
with respect to time (h). The results were statistically compared
applying paired t-test toidentify the considerable difference
between the groups.

Stability study

The stability studies of the optimised microcapsules were carried
outas per thelICH guidelines. The optimised formulation were
suitably packed in the high-density plastic bottles and stored at 40
°/75% RH for 3 mo in the stability chamber. The microcapsules
were assessed for physiochemical properties, in vitro drug release
and drug content at stated time periods (0, 1, 2 and 3 mo) to assess
the stability [31].

RESULTS AND DISCUSSION

From the Taguchi screening design, the solutions with most
influential factors affecting the response variables were revealed in
pareto chart (fig. 1 and 2). The coefficients of linear polynomial
equations generated for each of the response variables were used to
screen out the factors. The influence of each of the factors studied on
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the response variables is depicted pictographically in fig. 3 to 6
respectively. The selected factors were subjected for optimisation
with the help of BBD [16]. A total of 13 experimental runs were
prepared and characterised forthe selected response variables,
which are represented in table 3. The model was analysed for fitting
into an appropriate mathematical model, i.e., quadratic model to
obtain the curvature unveiling interaction effects among the
variables. Further, the model was evaluated statistically for ANOVA
and lack of fit, which showed that all the model
terms were significant (p<0.05) with the insignificantlack of fit
indicated that the model was best fitted. Screening of influential
variables and optimisation of the formulation by design expert. The
second polynomial coefficients generated for the studied response
variables viz. drug release (%), mucoadhesion (%), drug entrapment

Rao et al.
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(%) and particle size (um). The mathematical model generated
for each response was found to be quite significant statistically
(p<0.05). The coefficients of four polynomial terms representing the
concentrations of the chosen polymers, Na alginate (mg), HPMC
K100M (mg) and cross-linking time (h) and conc. CaCl: (%w/v),
respectively (i.e., B1 to f4) were found to be statistically significant
for the studied response variables. Fig. 1 and 2 showed Pareto chart
presenting the influence of each factor on various response variables
individually. The results obtained from preliminary formulation
studies indicated the levels of Na-alginate and HPMC K100M, cross-
linking time (h) and conc. CaClz (%w/v) as 400, 1000 and 1600 mg,
100, 250 and 400 mg, 3, 4.5 and 6h and 5, 10 and 15%w/v for low (-),
nominal (0) and high (+) levels respectively (table 3).

Pareto Chart
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Fig. 1: Pareto chart depicting the effects of sodium alginate and calcium chloride factors on studied response variables
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Fig. 2: Pareto chart depicting the effects of HPMC K100M, cross-linking time and sodium alginate factors on studied response variables
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Systematic optimisation of formulations and data analysis

BBD is employed to determine the critical conditions for optimising
the desirability criteria of more sustained release, yielded maximum
entrapment efficiency, maximum mucoadhesion, and required
particle size of the formulation. Responses for all the 13
experimental runs were determined and their mathematical
relationships with the variables measured in the form of polynomial
equations. The calculated independent and interaction effects of
process variables (X1, X2, X3 and X4) on the responses (Y1, Y2, Y3
and Y4). The coefficient values in the polynomial equation represent
the effects of the corresponding variable for a particular response. A
negative sign of the coefficient represents antagonistic effect; whilst
positive sign indicates a synergistic effect of the variables. Three-
dimensional (3D) response surface plots (fig. 3 to 8) were formed to
identify the significance of the polynomial model through graphical
visual interpretation. These plots are valuable to assess the
relationship of two factors and their interactions with the response
while keeping the other factors constant. Fig. 3 exhibits a gradual
decrease in drug release (Y1) with increasing concentration of
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sodium alginate (X1), while drug release was increased with
increasing concentration of HPMC K100M (X2). Similarly, fig. 4
showed that with an increase in X1 concentration (400 to1600 mg),
mucoadhesion  (Y2) was reduced. However, with elevated
concentration of X2 revealed a significant increase in mucoadhesion.

This indicated that HPMC K100M has more significant effect on
mucoadhesion property of the microcapsules, while sodium alginate
has less effect on mucoadhesion. In fig. 5, the % drug entrapment
(Y3) decreases as the concentration of X2 gradually increased while
the concentration of X1 has a significant effect on drug entrapment
efficiency.

Therefore, sodium alginate has a major role on drug entrapment.
The plot in fig. 6 showed that particle size (Y4) varies in a linearly
descending order with increased concentration of X2, while the
concentration of X1 has no significant effect on it. At last the design
was suggested that cross-linking time (X3) and concentration of
CaClz (X4) has no significant role on all the responses (Y1-Y4).
Hence both were taken as null factors in all the experiments [14-17].
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Fig. 8: Overlay plot of factors X1 (sodium alginate) and X2 (HPMC K100M) on responses such as particle size, percentage of drug
entrapment efficiency, percentage of mucoadhesion and percentage in vitro drug release

Characterization
Production yield

The yield of production was not so good for all formulation. The most
probable reason for its low percentage (%) yield is that there is
wastage of formulation ingredients during the preparation process
[21]. Yield value of selected formulations was found to be 33.65 to
48.35 as shown in table 4.

Drug content and drug entrapment efficiency

Drug content range from 55.87 to 93.86 and drug entrapment
efficiency from 51.39 to 69.73 respectively as shown in table 4 [21].

Loose surface crystal study

The loose surface crystal study was executed for all the formulations
and the results obtained are depicted in table 4. From the study, an
initial discharge of ejected medication from the micro-
capsules surface (formulation F1 to F6) was observed in the range of

39.99 to 45.95 [23]. In vitro wash-off test (table 4 and fig. 9)
summarised the result of mucoadhesive strength or %
mucoadhesion in goat intestine mucosa for all the formulations. The
adhesion time of microcapsules followed the rank order
F4>F5>F3>F2>F6>F1. Results indicated that the viscosity of the
polymer was strongly associated with the adhesion. Viscosity was
directly proportional to the mucoadhesive property. Unlike others,
the microcapsules formulated with sodium alginate as one of the
ingredients unveiled superior mucoadhesive property as in the case
of in vitro wash-off test. A quicker wash off was observed in
phosphate buffer (pH 6.8), since pH of the medium governs the
hydration, solubility and mucoadhesive of the polymers. lonisation
of carboxylic acid or other functional groups on the polymers may be
one of the reasons for increased solubility and reduced adhesive
strength that attributes to rapid wash off. The results of the wash-off
test specified that formulation F4 showed maximum mucoadhesion.
This might be due to high molecular weight, linear, unbranched
structure and viscosity of HPMC K100M as on enhancing agent in
selected medium [24].

Table 4: Production yield (%), drug content (%), entrapment efficiency (%), loose surface crystal study, moisture loss (%), particle size
(pm), mucoadhesion (%), sphericity and swelling index of selected runs

Formul- Production Drug Entrapmen Loose Percentage Particle size* Percentage Sphericity* Swellin

ation yield* content* tefficiency* surface moisture (um) Mucoadhe-  (S) (%+SD) gindex

code (%+SD) (%+SD) (%+SD) crystal loss after sion after 6 after
study* 24h* h* 24h*
(%zSD) (%zSD)

F1 33.65+0.02 55.87+0.01 58.28+0.02 45.95+0.03 5.26 670+0.03 17 0.59+0.23 73

F2 48.35+0.03 60.93+0.02 69.73+0.03 44.20+0.03 5.26 242.5+0.01 20 1.0+0.21 80

F3 44.51+0.04 70.26+0.03 51.39+0.04 39.99+0.02 0 432.4+0.02 22 1.0+0.23 88

F4 47.45+0.05 68.43+0.04 56.14+0.01 41.95+0.04 5.26 540+0.04 30 1.0+0.13 90

F5 45.36+0.05 81.23+0.05 66.49+0.02 37.73+0.02 0 642.5+0.03 24 1.0+0.14 82

F6 41.87+0.01 93.86£0.06  59.87+0.03 35.08+0.01 11.23 1007.5+0.02 20 1.0+0.15 76

*Each reading is an average of three determinations (mean#S. D (n=3) n=no. of observation

In vitromucoadhesion test
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Fig. 9: Percentage of mucoadhesion of selected formulations after 6 h, each reading is an average of three determinations (mean+SD (n=3)
n=no. of observation

Percentage moisture loss

The percentage moisture loss was found to be in the range of 5.26 to
11.23 for the formulation F1 to F6 as summarised in table 4.
Percentage moisture loss increases with respect to time [25].

Micromeritics properties

One of the important factors affecting flowability of ramipril was
interparticle friction. Microcapsules show the desired flowability

due to the optimal presence of moisture; spherical shape and
diminished cohesiveness. The flow properties of microcapsules
such as angle of repose, Hausner’s ratio and Carr’s Index are
depicted in table 5 [26]. The pure drug shows the angle of repose
of 36.29 and exhibited poor flow, whereas the angle of repose of
six selected formulations showed excellent flowability and
ranged from 15.52 to 22.20. The carr’s index of six selected
formulations exhibited excellent flow properties and ranged
from 8.42 to 14.65 as compared to the pure drug, which was
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25.69 indicating poor flowability before formulating to
microcapsules. Hausner’s ratio of the pure drug was 2.36, which

Int ] Pharm Pharm Sci, Vol 9, Issue 2, 128-141

indicated poor flowability, but the formulated microcapsules
exhibited good flow properties that ranged from 1.04 to 1.3.

Table 5: Micromeritics data of pure drug and selected formulations

Formulation code Angle of repose (°)*

Carr’s index* Hausner’s ratio*

FO (Pure drug) 36.29+0.32
F1 16.20+0.28
F2 15.52+0.45
F3 20.30+0.51
F4 16.25+0.44
F5 18.12+0.38
F6 22.20+0.29

25.69+0.45 2.36x0.44
12.45+0.41 1.1+0.39

13.23+0.33 1.02+0.34
8.42+0.44 1.04+0.44
14.65+0.45 1.02+0.34
12.26+0.44 1.01+0.51
10.12+0.38 1.3+0.44

*Each reading is an average of three determinations (mean+SD) (n=3) n=no of observation

Particle size analysis

The optical microscopic study of particle size distribution
revealed that the microcapsules are uniform in size in each
formulation with average diameter ranged from 242.5+0.01 to
1007.5£0.02um, which is more arbitrarily falls within the
particle size range of 10-1000pum (table 4). This may be due to
the particle size is directly proportional to viscosity, where an
increase in the viscosity upturns the droplet size.

Hence, adequate viscosity has to be maintained which in turn not
only influence the particle size but also affect the mucoadhesive
strength of the formulation. The significance difference in
particle size for different polymers with different viscosity grade
and different mucoadhesive strength was evaluated applying
one-way ANOVA without replication at P<0.001 level [27].

Sphericity

The sphericity of all formulations from F1 to F6 ranged from
0.59+0.23 to 1.0+0.23 as shown in table 4. The ramipril-loaded
microcapsules obtained had a circulatory factor very close to
1.00 confirming their sphericity. Overall all the formulations were
spherical in appearance. Further, the optimised formulation was
confirmed by SEM study [27].

Swelling index

In the presence of water, swelling varies with polymer ionic strength
and concentration. Table 4 shows% swelling indexof different
formulations at specified time intervals. The study unveiled rapid
swelling of all the formulations after submerged in phosphate buffer
(pH 6.8). However, this behaviour greatly affects the adhesive and
cohesive properties of the polymers.

Percentage swelling index
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Fig. 10: Swelling index of selected formulations after 24h, each
reading is an average of three determinations (mean#S. D (n=3)
n=no. of observation

Mucoadhesive microcapsules are expected to possess considerably
stronger adhesion due to more water uptake from the underlying
mucosal tissue by absorbing, swelling and capillary effects. From the
calculated data, the swelling index for the formulations were found
to be in the range of F4>F3>F5>F2>F6>F1 (fig. 10). After 24h, HPMC
K100M showed highest swelling (90%) for formulation F4.

The reason behind to show maximum swelling behaviour is due to
(i) its viscosity by forming a swellable gel or (ii) its high ionisation at
pH6.8 and (iii) higher water uptake capacity.

In vitro drug release study

The in vitro drugrelease studies of ramipril were initially
performed in 0. N HCI for 2 h followed by phosphate buffer (pH
6.8) for 22 h. The microcapsules prepared with sodium alginate,
and HPMC K100M were exposed to the dissolution medium and
amount of drug released in the acidic medium (0.1 N HCI) for 2h
was determined. Retardation of drug release was observed
in case phosphate buffer pH 6.8. Sodium alginate-based
microcapsules not significantly retarded the drug released at the
examined time points over a period up to 24 h. The release of
ramipril was mainly driven by permeation of drug through the
hydrophobic polymer membrane. An initial burst effect was seen
by all the formulations, which was attributed to the drug present
on the surface of the microcapsules as also inferred from loose
surface crystal study. Diffusion controlled system is the approach
to control the drug release as the drug can travel through the
pores formed during surface hardening (fig. 11).

The release profiles often comprise two main expulsion processes,
(i) initial burst of expelled medication from the surface of the sphere
to confirm initial plasma drug concentration and (ii) usually more
constant stage with release rates dependent on diffusion and
degradation of the drug from the inner layer of the dosage form.
Therefore, the diffusional distance between the initial
drug locations inside the formulation affects the release profile.
Owing to its water-insoluble and low permeability properties,
sodium alginate is a widely accepted sustained release matrix.
However, varying the concentration of HPMC K100M, which forms
hydrophilic passages inside the microcapsules that helps the drug to
diffuse out easily, can influence the drug release capability of sodium
alginate. From the in vitro dissolution data and plotted it is seen that
after 24 hr study, formulation F4 showed better drug release
retardation as compared to other formulations. The drug content in
case of HPMC K100M is about 94% with good swelling as well as
excellent mucoadhesion properties. The viscosity of the
mucoadhesive polymer has a significant role in both bio-adhesion
and sustained action.

Kinetics of drug release

To find outthe mechanism of drug release, the in vitro
release profiles were applied on various kinetic models. The release
data was analysed according to the different kinetic equation to
illustrate the kinetics of drug release from microcapsules (table 6).
Release data of all the formulations displayed higher regression
coefficient values in first order kinetics.
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Cumulative % drug release profiles of formulations FO-F6
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Fig. 11: Cumulative % drug release profiles of formulations F0-F6, Each reading is an average of three determinations (meanxSD (n=3)
n=no. of observation

The drug release is diffusion predominant as compared to other
mechanisms, which indicates that release of the drug is dependent on
polymer concentration. The data obtained were applied to
Korsmeyer Peppa’s model so as to find out the drug diffuse coefficient or
release exponent (n). The n-value ofmicrocapsulesof different
formulations ranged from 0.28 to 0.90 indicating that the drug released

was diffusion controlled i.e. anomalous transport. It maybe happened
because of a significant increase in osmotic pressure (driving forces),
subsequent rapid relaxation and swelling of the polymer network.
Basing on the above discussion, it is observed that F4 is the optimised
formulation keeping in view the parameters like in vitro wash off test,
swelling index and sustained drug release.

Table 6: In vitro dissolution kinetics data of selected formulations

Formulation code Zero First Higuchi Korsmeyer-Peppa’s
Order (R?) Order (R?) (R?) model release exponent (n)
F1 0.86 0.94 0.93 0.28
F2 0.89 0.90 0.88 0.31
F3 0.90 0.97 0.94 0.82
F4 0.97 0.96 0.92 0.90
F5 0.94 0.95 0.93 0.83
F6 0.94 0.99 0.94 0.48
R2: Regression correlation coefficient
Drug-polymer interaction studies (FT-IR) 150 a.Ramipri
From the FT-IR spectral analysis, no incompatibility was found E b.Sod alginate )
between drug and polymers like sodium alginate, chitosan, carbopol e c.DrugTSOd allglnate
974P,HPMC  K100M and sodium CMC. IR  spectra %T | d.Physical mixture

of pure drug showing major peaks are compared with the physical
mixture of the pure drug with a combination of sodium alginate and
selected mucoadhesive polymer.

From the spectral comparison, neither a significant shift in the wave
number of the major peaks nor a variation in the peaks intensity of
drug was observed (fig. 12) confirming no interaction
between the drug and mucoadhesive polymers. It shows that there
was no alteration in the properties of the drug and polymers
during the formulation. Hence the drug and polymers were
compatible with each other [29].

DSC

In the case of pure drug and physical mixture shows a sharp peak at
208 °c which was observed due to melting, whereas, in the case of
drug-loaded microcapsules, no such characteristic peak was
observed at 208 °c, suggesting that drug is molecularly dispersed in
the matrix (fig. 13) [30].

e.Formulation
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Fig. 12: FT-IR spectra of ramipril [a], sodium
alginate [b], pure drug+sodium alginate+HPMC K100M
(physical mixture) [c] and optimized mucoadhesive
microcapsule formulation [d]
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Fig. 13: DSC graphs of ramipril [a], optimized formulation [b] and pure drug+sodium alginate+HPMC K100M (physical mixture) [c]

SEM

From the SEM fig. it is seen that sodium alginate coated
microcapsules are spherical morphology showing discrete, non-
aggregated and cohesive types of texture (fig. 14) [31].

Stability study

Short-term stability studies as per ICH guidelines were carried out
for the optimised formulation (F4). The drug content and cumulative
% drug released were tabularized in table 7. After 3 mo stability
study, it was seen that at selective relative humidity with higher
temperature optimised formulation are stable based on the obtained

percentage drug content and percentage drug release data, hence
the formulation was stable (fig. 15) [31].

In vivo pharmacodynamic studies

Fig. 16, represents the comparison of mean systolic BP of different
groups of the animal after treatment with an oral suspension of pure
drug and optimised formulation of ramipril. The comparison of
mean systolic BP of rats before and after MPA treatment for 2 w
revealed induction of hypertension in the case of normotensive rats
due to excessive production of glucocorticoids. Administration of
MPA raised the mean BP to 192.36 to 218.23 mm of Hg in
normotensive animals.
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Fig. 14: SEM images of microcapsules of optimised mucoadhesive microcapsule formulation at lower magnification and higher
magnification

Table 7: Stability data of optimised formulation before and after storage condition

Formulation (Optimised) Before stability After stability
F4 Drug content (%)*  Cum. % drug release* Drug content* Cum. %drug release*
68.43+0.04 99.5143+0.01 68.21+0.02 99.2843+0.03

*Each reading is an average of three determinations (meanS. D (n=3) n=no. of observation
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Fig. 15: Zero order plot of formulation F4 before and after
stability of three months storage

Oral administration of ramipril suspension and optimised formulation
revealed a significant decrease into mean systolic BP. Whereas in case
of control group, mean systolic BP was constant throughout the study
period with minimum BP was recorded to be 156.31 mm of Hgat 12 h
(table 8), while in treatment group received the oral suspension of
ramipril observed reduction of mean systolic BP to 153.41 mm of Hg
after 0.5 h and 154.18 mm of Hg in 2 h. However administration of the
optimized formulation of ramipril observed a significant reduction in
mean systolic BP to 112.16 of Hg after 0.5 h and 110.21 mm of Hg in 2
h i.e, animals reach to normotensive state due to faster onset of action
attributed by enhanced bioavailability potential of mucoadhesive

Rao et al.

Int ] Pharm Pharm Sci, Vol 9, Issue 2, 128-141

CONCLUSION

The present studies, therefore, shows the successful formulation of
mucoadhesive microcapsules of ramipril by ionic gelation method
using sodium alginate and HPMC K100M as suitable polymers. The
application of experimental design methodology helped to prepare
the optimised formulation, which showed good sustained release
profile of drug release with enhanced mucoadhesion property and
antihypertensive activity. The drug release was found to be polymer
concentration dependent and followed first order kinetics. FTIR and
DSC studies used for solid-state characterization confirmed the
absence of any physiochemical interaction between drug and
polymers. SEM analysis showed a smooth surface with the spherical
appearance of microcapsules. Further, in vivo pharmacodynamics
studies by administration of the optimised formulation of ramipril
observed a significant reduction in mean systolic BP to 112.16 of Hg
after 0.5 h and 110.21 mm of Hg in 2 h i.e, animals reaches to
normotensive state due to faster onset of action attributed by
enhanced bioavailability potential of mucoadhesive formulations.
The prepared formulations were found to be stable under
accelerated stability studies for three months. This confirmed that
mucoadhesive microcapsules can be an alternative dosage form for
effective delivery of ramipril.
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