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Abstract The aim of the present investigation was to
develop and evaluate matrix tablet of mesalamine for
colonic delivery by using Eudragit RSPO, RLPO and
combination of both. The tablets were further coated with
different concentration of pH-dependent methacrylic acid
copolymers (Eudragit S100), by dip immerse method. The
physicochemical parameters of all the formulations were
found to be in compliance with the pharmacopoeial stan-
dards. The in vitro drug release study was conducted using
sequential dissolution technique at pH 1.2 (0.IN) HCI,
phosphate buffers pH 6.8 and 7.4, with or without rat cecal
content mimicking different regions of gastro intestinal
tract. The result demonstrated that the tablet containing
Eudragit RLPO coated with Eudragit S100 (1 %) showed a
release of 94.91 % for 24 h whereas in the presence of rat
cecal content the drug release increases to about 98.55 %
for 24 h. The uncoated tablets released the drug within 6 h.
The in vitro release of selected formulation was compared
with marketed formulation (Octasa MR). In vitro dissolu-
tion kinetics followed the Higuchi model via non-Fickian
diffusion controlled release mechanism. The stability
studies of tablets showed less degradation during acceler-
ated and room temperature storage conditions. The enteric
coated Eudragit S100 coated matrix of mesalamine show-
ing promising site specific drug delivery in the colon
region.
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Introduction

For successful delivery of drugs to the target site, various
drug delivery approaches have been explored and plays a
challenging and crucial role. However, for sustained as
well as controlled delivery system, the oral route of
administration is considered to be the most convenient and
preferred route for delivery of drug. Various drug delivery
strategies have been employed to trigger the release of drug
to the large intestine but however, they do not reach at the
site of action in appropriate concentrations. Thus, to ensure
an effective and safe therapy for the large bowel diseases,
colon specific drug delivery system is considered to be the
preferable approach (Mooter 2006). Targeted drug delivery
into the colon is highly desirable for local treatment of
bowel diseases such as ulcerative colitis, Crohn’s disease,
amebiosis, carcinomas and infection, local treatment of
colonic pathologies with high local concentration can be
achieved while minimizing side effect that occur because
of the release of the drug in the upper part of GIT or
unnecessary systemic absorption. The colon is rich in
lymphoid tissue, produces rapid local production of anti-
bodies with uptake of antigen into the mast cell of the
colonic mucosa and this help in efficient vaccine delivery
(Chourasia and Jain 2004). Colon specific drug delivery
system offers several advantages in the treatment of colo-
nic diseases such as ulcerative colitis, amoebiasis, Crohn’s
disease, irritable bowel syndrome, colorectal cancer
(Bursemer et al. 2001). Delivery of drugs to the colon helps
in reducing side effect thereby, achieving high local drug
concentration at the afflicted site in the colon, hence results
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in optimal therapeutic effectiveness and good patient
compliance (Singh 2007; Bautzova et al. 2011).

Majority Colon drug delivery is based on pH and time-
dependent systems but in pH dependent systems similarities
between pH of small intestine and colon makes it less reli-
able. In time-dependent formulations, location of initial drug
release depends on the transit time of system in GIT track (Fu
et al. 2011). The performance of time-dependent formula-
tions can be affected by inter subject variation in GI transits
times, pathophysiological conditions associated with GI tract
Time-dependent drug release systems can be formulated by
applying coats onto drug cores which are capable of delaying
the release though different mechanisms (Vassallo et al.
1992; Von der et al. 1993; Sangalli et al. 2004).

However, drawback associated with these deliveries is the
lack of site specificity due to large variation in gastric emp-
tying time. Thus, time controlled and site specificity is diffi-
cult. A simple pH dependent approach is also not suitable to
be used alone because of premature release of drug. There-
fore, these problems can be overcome by using the combi-
nation of both time-dependent and pH-dependent polymers.

The release of water-soluble drug from a water-soluble
polymeric platform is often rapid, and therefore hydrophobic
polymer may be included within the matrix formulation to
offer a greater control drug release. Among the various
polymers, Eudragit RSPO and Eudragit RLPO are the
hydrophobic polymers which have been used successfully to
formulate appropriate sustained release matrix formulations
(Patra et al. 2007). Matrix tablets have been developed by
direct compression based on combination of hydrophobic
polymers (RSPO and RLPO) and a gelling hydrophilic
polymer, HPMC 60SH, to achieve a 20-h sustained release
formulation of diltiazem hydrochloride. Film coated matrix
tablets using Eudragit NE30D produce a delivery system in
which the release of diltiazem hydrochloride is pH inde-
pendent (from 1.2 to 7.4). Eudragit RSPO was employed to
delay the penetration of dissolution medium into the matrix,
thereby decreasing drug release rate (Boyapally et al. 2009).

Therefore, by considering all the above data, the
mesalamine was used as a model drug in colon delivery
system using two different polymers: Eudragit RLPO and
Eudragit RSPO coating with Eudragit S-100 in different
concentrations, so that it can deliver the drug locally in
colon. Such type of formulation also minimizes upper GI
tract side effects of naproxen sodium and help in providing
therapeutic benefits.

Materials and methods
Mesalamine was obtained as a gift sample from Micro labs,

Bangalore, India. Polyvinyl pyrrolidone (PVP K-30) were
obtained as gift samples from Helios Pharma, Baddi, India.
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Eudragit RLPO, Eudragit RSPO and Eudragit S-100 were
obtained as gift samples from Evonik Laboratory, Mumbai,
India. All other chemicals and reagents used in study were
of analytical grade.

Formulation and development
Preformation study (Meier et al. 2008)

Quantification of mesalamine by UV spectroscopy Stock
solution (100 mg/mL) of Mesalamine was prepared in
different buffer solutions (0.01 N HCI, phosphate buffer
solution pH 6.8 and 7.4), which was then analyzed in the
range 200—-400 nm using a UV double-beam spectropho-
tometer (AU-2701, Systronics, Mumbai, India) for the
determination of max. From the stock solution, standard
solutions in the range 10-60 mg/mL were prepared, and
the absorbance of each standard solution was determined
spectrophotometrically at the max obtained. Using absor-
bance—concentration data, a calibration curve was con-
structed. The calibration curve was found to be linear in the
concentration range of 10-60 mg/mL having different
coefficient of regression values R2Y40.9993-0.9995 and
slope y%0.016 x 0.004-0.021 x 0.022.

FTIR spectroscopy The infrared spectrum of pure drug
(mesalamine), Eudragit RLPO, Eudragit RSPO, Eudragit
S-100 and physical mixture of mesalamine-Eudragit
RLPO-Eudragit RSPO-Eudragit S-100 were recorded
using a FTIR spectrophotometer (Bruker IFS 66/S, Ger-
many) according to the KBr disc technique. The smoothing
of the spectra and the baseline correlation procedures were
applied. The FTIR measurements were performed in the
scanning range of 4000-400 cm ™' at ambient temperature.

Preparation of mesalamine core tablets Accurately
weighed quantity of mesalamine, polymers Eudragit
(RLPO or RSPO) were dry blended for 20 min using a
pestle and mortar. The mixture was then granulated using a
binder solution of PVP (5 % w/w) in isopropyl alcohol.
The wet mass was passed though #22 sieve and the resulted
granules were dried in a tray drier for 15 min at 50 °C. The
dried granules were granules were mixed with the required
amounts of magnesium stearate (2 %) and talc (2 %) and
compressed using a single punch tablet machine, equipped
with flat-faced punches of 12 mm diameter. Nine batches
of formulation were prepared by using different concen-
trations of Eudragit (RSPO and RLPO) and Eudragit S100
as shown in Table 1.

Enteric coating of the prepared tablets The mesalamine
tablets were further coated with Eudragit S-100 solution. A
different concentration (1, 1.5, 2, and 2.5 %) of coating
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Table 1 Composition of matrix tablet of mesalamine

Ingredients Fl F2 F3 F4 F5 F6 F7 F8 F9
Mesalamine (mg) 250 250 250 250 250 250 250 250 250
Eudragit RSPO (mg) 125 - - - - 125 125 125 125
Eudragit RLPO (mg) 125 125 125 125 125 - - - -
Lactose (%) 2 2 2 2 2 2 2 2 2
PVP K-30* (% w/w) 5 5 5 5 5 5 5 5 5
Magnesium stearate (%) 2 2 2 2 2 2 2 2 2
Eudragit S-100 (% w/v) - 1 - - - 1 - - -
Eudragit S-100 (% w/v) - - 1.5 - - - 1.5 - -
Eudragit S-100 (% w/v) - - - 2 - - - 2 -
Eudragit S-100 (% w/v) - - - - 2.5 - - - 2.5

4 PVP K-30 (5 % w/v) is used as a binder, + sign indicates presence of ingredient, — sign indicates absence of ingredient

solution of Eudragit S-100 was prepared in a mixture of
Isopropyl alcohol: acetone (1:1). The coating solution
followed by dip coating technique.

Evaluation of mesalamine granules

Mesalamine granules were evaluated for bulk density,
tapped density, compressibility (% Carr’s index), Haus-
ner’s ratio and angle of repose.

Physicochemical evaluation of mesalamine matrix
tablets For the estimation of weight variation 20 tablets
of the each formulation were weighed using an electronic
balance (Denver Instrument, Gottingen Germany) and the
test was performed according to the official test. The
thickness of the tablet was measured using a Digital Ver-
nier Calliper (Mitutoya Digimatic Calliper, Japan). The
hardness of the prepared tablet was measured by using
Monsanto hardness tester. The tablet to be tested was held
between a fixed and a moving jaw and reading of the
indicator was adjusted to zero. The force applied to the
edge of the tablet was gradually increased by moving the
screw knob forward until the tablet broke. The reading was
noted from the scale which indicates the pressure required
in kg/cm? to break the tablets. The friability of the tablets
was determined in Roche Friablator. Six tablets were
weighed accurately from each batch of the tablets and
placed in the friablator and rotated at 25 rpm for a period
of 4 min. Tablets were dedusted using soft muslin cloth
and weighed again. The percentage weight loss was
determined by using following formula:

% Friability = (Initial weight — Final weight)/
Initial weight x 100
Drug content Tablets were finely powdered and quantity

of the powder equivalent to 250 mg was accurately
weighed and transferred to a 100 mL volumetric flask

containing 50 mL of phosphate buffer, pH 7.4. The flask
was shaken to solubilize the drug and the volume was made
up to 100 mL with phosphate buffer 7.4. The solution was
filtered though a membrane filter (0.22 um) and analyzed
for drug content using UV/Visible spectrophotometrically
(AU-2701, Systronics, Mumbai, India) at 334 nm.

In vitro drug release studies The in vitro dissolution
studies were conducted for the mesalamine matrix tablet
using USP dissolution apparatus II (Lab India, DS 8000,
Mumbai, India). The dissolution medium consisted of
900 mL at 50 rpm, 37 £ 0.5 °C temperature. The drug
release evaluation was conducted firstly in 0.1 N HCI (pH
1.2) due to the fact that the average gastric emptying time is
supposed to be between 0.5 and 2 h. Then the dissolution
medium was replaced by (900 mL) pH 6.8 phosphate buffer
for 3 h. The reason behind that the average small intestine is
3 h. At the end of the time periods, the dissolution medium
was replaced by pH 7.4 phosphate buffer (900 mL) at the
selected times, samples were withdrawn and replaced by the
same volume of the acceptor medium and filtered using
Whatman filter paper (0.22 um). The absorbance was
determined using UV/Vis double beam spectrophotometer
(AU-2701, Systronics, Mumbai, India) at 334 nm. The
cumulative percentage drug release for mesalamine over the
sampling times was calculated using Beer Lambert’s curve
with different dissolution media. The mean cumulative
percentage of drug releases calculated (+£SD) and plotted
against time. Therefore, experiments were carried out in
triplicate (Hamza and Aburahma 2010). For the comparison
of selected formulation evaluated in this investigation with
marketed product, a commercially marketed mesalamine
tablet i.e. Octasa MR (Tillotts Pharma Limited) were pur-
chased locally and subjected to the in vitro release studies.

Preparation of rat cecal content for dissolution stud-
ies The drug release studies were carried out in the
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presence of the colonic bacteria, to access the susceptibility
of the prepared matrix tablets to undergo degradation in the
presence of the colonic bacteria due to the fact that rat
cecal have similar contents to that of human intestinal
microflora. For this purpose Male Wistar rats weighing
100-150 g were selected. The rats were maintained at a
normal diet. After this enzyme induction is done in order to
stimulate the enzymes which specifically hydrolyse the
Eudrgit RLPO. For the enzyme induction, 2 mL of a 1 %
w/v dispersion of Eudragit RLPO in water was adminis-
tered to the rats daily for 7 days. The abdomens were cut,
the ceci were isolated, ligated at both ends, dissected. The
cecal content was immediately weighed about 8 g and
transferred into 200 mL of pH 7.4 phosphate buffer to
provide 4 % (w/v) dilution. Carbon dioxide (CO,) was
continuously passed thorough pooled content so as to keep
the environment in anaerobic condition (Mundargi et al.
2007).

In vitro drug release studies in the presence of rat cecal
The in vitro drug release studies were carried out
using dissolution rate test apparatus in 900 mL dissolution
medium at 50 rpm, 37 &+ 0.5 °C with slight modifications.
A beaker having capacity of 250 mL of 4 % rat cecal
content medium was immersed in the dissolution vessel
having water maintained at 37 + 0.5 °C, which was also
kept in the water bath of the apparatus. The initial studies
were carried out in pH 1.2 HCI for 2 h. After completion of
2 h the matrix tablet was transferred pH 6.8 phosphate
buffer. The study at a pH 6.8 was continued for 3 h. After
3 h, the matrix tablet was transferred to 200 mL of the
phosphate buffer pH 7.4 diluted with 4 % (w/v) rat cecal
content for 24 h. The experiment was carried with the
continuous supply of carbon dioxide as the cecum is nat-
urally anaerobic. At different time intervals 2 mL of the
samples were withdrawn from the dissolution medium and
2 mL of the rat cecal content was replenished into the
dissolution media. The samples were analyzed for drug
content using UV-spectrophotometer at 334 nm (Ahmadi
et al. 2011).

content

Release kinetics study

To study the mechanism of drug release from the matrix
tablets, the release data were fitted to zero-order, first-order
and Higuchi equation. The dissolution data was also fitted
to the well-known exponential equation (Korsmeyer—Pep-
pas equation), which is often used to describe the drug
release behavior from polymeric systems.

@ Springer

Log Mt/M,, = logk + nLogt

where M; is the amount of drug release at time t, M, is the
amount of drug release after infinite time; k is a release rate
constant incorporating structural and geometric character-
istics of the tablet and n is the diffusional exponent
indicative of the mechanism of drug release.

If value of n falls between 0.5 and 1.0; it is termed as
non-fickian release; while in case of fickian diffusion,
n = 0.5. For zero order release case II transport n = 1; on
the other hand if n> 1’ then it indicates supercase II
transport (Lopes et al. 2006).

Swelling Studies

The dissolution behavior of the drug from the matrices can
also be understood by conducting the swelling studies. The
swelling studies were conducted under conditions similar
to those used for dissolution studies.

The swelling studies were carried out of all the formu-
lation. For the determination of swelling in order to avoid
deformation one planar base of the tablets was covered
with water-insoluble coating (1 % FEudragit S100) and
glued to a piece of glass slide. The glass slide and tablets
were weighed initially (W). The tablets were placed in a
different dissolution media (pH 1.2, 6.8 and 7.4) using USP
dissolution apparatus II (Lab India, DS 8000, Mumbai,
India) in 900 mL dissolution medium at 50 rpm, 37 +
0.5 °C. The swollen tablets were taken out at predeter-
mined time intervals and using tissue paper excess of water
on their surface was carefully removed and tablets were
reweighed (W,). The study was carried out over a period of
12 h and the tablets were observed for swollen. (Gaikwad
et al. 2014).

The % swelling index was calculated using the follow-
ing formula:

% Swelling index = [(W2 — W1)/W1] x 100

All values presented in this study are average of
triplicate experiments for the same time points.
Differences in % swelling index values of mesalamine
tablets were calculated statistically using one-way analysis
of variance (ANOVA) followed by Dunnett’s test at
different level of significance using GraphPad Prism 6.

Scanning electron microscopy
The morphology and surface appearance of mesalamine

matrix tablets before and after the release were examined
using a scanning electron microscope (JSM 6100 Jeol.
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Japan) equipped with an image analysis system. Prior to
examination, samples were gold sputter-coated to render
them electrically conductive.

Stability study

The stability study was conducted according to ICH
guidelines. All the formulations were stored in aluminum
packaging laminated with polyethylene and kept in
humidity chamber at accelerated (40 =2 °C, 75 £ 5 %
RH) and room temperature conditioned for 6 months. The
samples were withdrawn at a specified time intervals of
0 days, 3, 6 weeks, 3 and 6 month. The samples were
evaluated for their physical characteristics (color) and drug
content.

Results and discussion
Preformation study
FTIR Spectroscopy

FTIR spectra of the drug, polymers and their physical
mixtures are depicted in Fig. 1. The drug sample showed
characteristics peaks at 1651.5 cm ™' due to C=0 bending,
at 1620.5 cm™" due to presence of N-H bending, the C—N
stretch at 1354.9 cm ™" and due to the presence of O—H the
peak was found at 3433.1 cm™'. FTIR spectrum of
Eudragit RLPO showed the peak at 3432.1 cm ™' due to the
presence of tertiary amine, at 1731.4 cm™' due to the

Fig. 1 FTIR spectra of

Mesalamine, Eudragit RLPO, =
Eudragit RSPO, Eudragit S-100

and physical mixture of \
mesalamine, Eudragit RLPO,
Eudragit RSPO and Eudragit
S-100 (overlay) A "

presence of C=0O (ester) and at 1450.2 cm ™! due to —-CH;
bend. FTIR spectrum of Eudragit RSPO showed the peak at
3287.7 cm™' due to the presence of tertiary amine, at
1636.3 cm™' due to the presence of C=0 (ester) and at
14302 cm™' due to —CH; bend. FTIR spectrum of
Eudragit S-100 showed the peak at 2953.9 cm™' due to
presence of O-H, at 1450.7 cm~! due to -CH3 bend and
17312 cm™" due to the presence of C=O (ester). FTIR
spectrum of the physical mixture of drug-Eudragit RLPO-
Eudragit RSPO-Eudragit S100 showed the peak at
1728.61 cm™ ! due to the presence of C=0 (ester), at
1174.81 cm™' due to presence of C-O stretch, the C=C
(aromatic stretch) at 1604.14 cm™', —-CH3 bend at
1453.19 cm™ !, at 2960.92 cm™! due to presence of O-H
(carboxylic acid). The spectrum confirmed that there is no
significant change in chemical integrity of the drug.

Evaluation of mesalamine granules (Love and Miller
2012)

The results of micromeritics properties of mesalamine
granules are depicted in Table 2. From this all values, it’s
clearly indicates all the formulations had adequate flow
properties.

Physicochemical evaluation of mesalamine matrix tablets

The formulated tablets were evaluated for physical char-
acterization like weight variation, thickness, hardness, fri-
ability and drug content. Maximum % weight deviation
was found to be 1.29 %. Hence, all the formulation passed
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the test criteria for weight variation as per USP. The weight
variation (Table 3) of all formulations was found to be
526.05 £2.23 to 529.05 £ 2.43 mg. The thickness
(Table 3) of the tablets was measured by the digital vernier
calliper (Mitutoya Digimatic Calliper, Japan). The thick-
ness of formulation F1 was found between 3.48 £
0.02 mm and F2-F9 was in the range 3.50 &+ 0.05 to
3.54 £ 0.07 mm. The thickness of the tablets in formula-
tion F2-F9 increased due to coating of the Eudragit S-100
over the entire surface of the tablet than the uncoated tablet
formulations (F1). The hardness (Table 3) of formulation
F1 was found in the range 5.83 + 0.73 kg/cm? and F2-F9
was in the range 6.00 & 0.48 to 6.11 & 0.63 kg/cm?. The
hardness of tablets in formulation F2-F9 increased due to
coating of the Eudragit S100 over the entire surface of the
tablet than the uncoated tablets formulation F2-F9. The
friability (Table 3) of all tablet formulations was in
acceptable range of less than 1 %, ranging from
0.32 £ 0.01 to 0.41 £ 0.02 % which indicates that the
tablets have the ability to withstand shocks which may be
occurred during transport.

Drug content
The drug content (Table 3) of all formulations was found

between 99.30 £ 0.11 and 99.74 £ 0.11 % indicate to be
in acceptable range. The maximum drug content was

obtained for formulation F2 which consists of Eudragit
RLPO matrix coated with Eudragit S-100 (1 % w/v). The
Eudragit RLPO is more permeable to the dissolution media
which might result in increased drug content (Gohel et al.
2008).

In vitro Drug Release Studies

The in vitro dissolution profile of core tablet (F1) was
studied in phosphate buffer, pH 7.4, to examine the release
profile core tablet. The release of drug from core tablets
was found to be 97.34 + 0.98 % at 6 h in pH 7.4 media.

When the combination of Eudragit RLPO and Eudragit
RSPO in matrix tablets formulation was used, the results
showed that the maximum drug release was shown in
stomach and small intestine before reaching the target site
(colon) which occurs due to more permeable nature of
Eudragit RLPO Meier et al. (2008). When Eudragit RLPO
comes in contact with dissolution medium, it creates pores
and channels, and it facilitates to penetrate the solvent and
thus rate of drug release get enhanced (Patel et al. 2009).
The formulations containing Eudragit RSPO showed that
the drug release was decreased at the target site (colon) at
the end of 24 h due to its less permeable nature in disso-
lution medium. Eudragit RSPO contains less number of
internal quaternary ammonium compound (Patra et al.
2007). Therefore it was observed that for the drug to be

Table 2 Micromeritic properties of granules of mesalamine core tablets, data are represented as mean £+ SD (n = 3)

Parameters Formulations

F1 F2 F3 F4 F5 F6 F7 F8 F9
Angle of repose (°) 260+ 0.5 250+08 240+03 230£05 240+06 280405 250=£1.1 260=+£05 240+04
Bulk density (g/mL) 0.58 £ 0.5 042+02 055+£0.8 0.65+05 054+06 056+£02 059+04 063+07 037+£05
Tap density (g/mL) 0.63 £ 04 046+0.7 072+05 055+£03 0.67+08 052+02 068+04 07305 045404
Carr’s index 127+04 152406 13.1+02 127+0.7 11.9+£05 155+£08 11.34+04 13.7+0.6 158 £ 0.3
Hausner ratio 1.14 +£07 1.184+02 115+04 1.14+0.1 1.13£03 1.12+05 1.154+08 1.16+0.2 1.19+0.5

Table 3 Physicochemical parameters of mesalamine matrix tablets, data are represented as mean &+ SD (n = 3)

Formulation code Weight variation (mg)

Thickness (mm)

Hardness (kg/cmz) Friability (%) Drug content (%)

F1 528.5 £+ 2.60 3.49 £ 0.02
F2 526.05 £ 2.23 3.50 £ 0.05
F3 527.63 £+ 2.07 3.50 &+ 0.08
F4 528.91 £ 2.65 3.50 £ 0.04
F5 529.05 £+ 243 3.56 &+ 0.06
F6 526.95 £ 2.08 3.56 + 0.94
F7 527.58 £ 1.85 3.56 £+ 0.07
F8 528.01 £+ 1.33 3.56 £0.03
F9 527.58 £ 1.85 3.50 £0.03

583 £0.73 0.38 £ 0.03 99.30 £ 0.11
6.11 £ 0.63 0.41 £ 0.02 99.74 £ 0.11
6.05 = 0.51 0.34 £ 0.01 99.61 £ 0.19
6.05 £ 0.64 0.32 £ 0.01 99.41 £ 0.69
6.05 £ 0.79 0.38 &+ 0.03 99.48 £ 0.21
6.00 &+ 0.48 0.37 + 0.01 99.55 £ 0.11
6.05 + 0.64 0.38 £ 0.01 99.48 £ 0.11
6.11 £ 0.44 0.35 £ 0.05 99.42 £+ 0.18
6.11 £ 0.45 0.39 £ 0.01 99.36 £+ 0.11
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release at the target site and to obtain the sustained drug
release, the matrix tablets should be coated with varying
concentration of Eudragit S100 (1, 1.5, 2, 2.5 %) over the
entire surface area of the tablets (Table 1). Therefore,
different dissolution media 0.1N HCI, pH 6.8 phosphate
buffer and pH 7.4 phosphate buffer were used for
remaining formulation batches of matrix tablets to perform
in vitro drug release studies (Fig. 2).

The in vitro drug release studies of different formula-
tions F2-F5 containing Eudragit RLPO in the matrix tablet
were carried out in different dissolution media (pH 1.2, 6.8,
7.4). The formulated tablets were coated with different
concentration of Eudragit S100 (1, 1.5, 2 and 2.5 %). The
formulations F3, F4, F5 coated with different concentration
of Eudragit S100 (1.5, 2, 2.5 % respectively) showed
90.21 %+ 0.58, 85.01 £ 0.60, 81.04 &+ 0.73 % drug relea-
ses within 18 h. So the drug release studies were carried
out till 18 h because after that the drug release started
decreasing. Furthermore, there was effect of Eudragit S100
coating in case of formulation F4, F5 (higher concentra-
tion) might be restrict the release of drug after 18 h.
Whereas, formulation F2 showed maximum drug release
ie. 9491 £ 0.63 % within 24 h. The formulation F2
consist coating concentration of Eudragit S 100
(1 %),which was optimized to provide suitable coat over
the surface of the tablet to pass though the stomach and
small intestine without any drug release and to target to
colon site (Fig. 2) (Mehta et al. 2013).

Another reason of maximum release from F2 formula-
tion might be effect by Eudragit RLPO, which is more
swellable and permeable, when exposure to dissolution
medium due to contains of higher amount of quaternary
ammonium compounds.

The in vitro drug release studies of different formula-
tions, F6-F9 containing Eudragit RSPO in matrix tablet
coated with different concentration of Eudragit S100 (1,

Fig. 2 Comparative in vitro 100
percent drug release (%) of all
formulation of mesalamine %0
matrix tablets with or without o 80
Eudragit S-100 coating. Data S 70
are represented as mean + SD E 60
(n=3) v

= 50

3 40

E

2 30

X 20

10 4 o madh
0 B==

1.5, 2 and 2.5 %) were carried out in different dissolution
medium (pH 1.2 HCI, pH 6.8 PBS, pH 7.4 PBS). The
formulation F6-F9 showed 88.82 4 0.38, 83.71 £ 0.79,
77.89 + 072, 7591 £ 0.58 % drug releases within 24 h
(Fig. 2). It can be explained due to the fact that Eudragit
RSPO contains lesser quaternary ammonium compounds,
and is less permeable and less swellable. As a result there is
surface erosion occurring and formation of gel layer around
the core tablet which leads to slow release of drug (Ebube
et al. 1997). Another reason may also be due to high
concentration of the coating of FEudragit S100, a
methacrylates copolymer, which acts as enteric coated
polymer (Wadher et al. 2011).

The in vitro release of optimised formulation F2 con-
taining Eudragit RLPO coated with ES100 (1 %) was
compared with in vitro release of marketed formulation
Octasa MR (Tillotts Pharma Limited). The in vitro release
study was found that F2 formulation showed 90.88 %
within 24 h which showed a sustained release, whereas the
marketed formulation i.e Octasa MR showed 98.38 %
within 18 h as shown in Fig. 5. This concludes that in vitro
release of Mesalamine from optimised formulation was
maximum and sustained as compared to marketed
formulation.

In vitro drug release studies in the presence of rat
cecal content

The in vitro drug release studies were subjected to different
dissolution media (0.1 N HCI, pH 6.8 phosphate buffer, pH
7.4 phosphate buffer) of optimized formulations F2-F5
containing Eudragit RLPO in the same proportion with
different coating concentration (1, 1.5, 2, 2.5 %) of
Eudragit S-100 in the presence of the colonic bacteria,
since they are known to have to similar content to that of
human intestinal microflora.

8 10 12 14 16 18 20 22 24
Time(hours)
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The swollen tablet, after placing in 0.1 N HCI for 2 h
and in pH 6.8 phosphate buffers for 3 h, was transferred in
4 % rat cecal medium present in pH 7.4 phosphate buffer
for 19 h to carry out dissolution studies. The formulation
F2 showed maximum release 98.55 &+ 1.17 % in rat cecal
medium as compared to lower drug release about
94.91 + 0.63 % without rat cecal medium. This shows that
due to the presence of bacteria in it, coating material was
eroded from the surface of tablet quickly and maximum
drug release was observed (Gao et al. 2011).

The formulation F3, F4, F5 (coating with 1.5, 2, 2.5 %
Eudragit S100) showed less drug release as compared to
formulation F2 in the presence of rat cecal content i.e.
95.45 £ 0.20, 90.33 £ 0.71, 86.02 £ 048 % at 18h
(Fig. 3). This might be contribution of combination effect
of Eudragit RLPO and Eudragit S100 present in matrix
tablets, as per earlier discussed in the in vitro release
studies.

Fig. 3 Comparative in vitro 100

release profiles of optimized 90

formulation (F2, F3, F4 and F5)

showing the effect of different 80

coating concentrations of 70

Eudragit S100 (1, 1.5, 2 and

2.5 % wiv) applied on RLPO 60

matrix tablets in the presence of 50

rat cecal content. Data are

represented as mean + SD 40
30
20

(n=3)
10

% cumulative release

Drug release Kinetics

To determine the quantitative analysis of the values
obtained from drug release profile, various mathematical
models are used. The goodness of fit was evaluated using
regression coefficient (r?) values. The regression coeffi-
cient (r?) for all the formulations using different kinetics
equation is listed in Table 4. The table data revealed that
in vitro release from the tablets was better explained by the
Higuchi equation, where the rate constants obtained from
the slope provides the highest linearity. To explore the drug
release mechanism, in vitro release results were further
fitted to the K—P equation. This equation analyses the
release of polymeric dosage forms, either in cases when the
release mechanism is not well known or when more than
one type of release phenomena is involved. The core tablet
(F1) followed Fickian kinetics and the value of n (<0.45) as

.99

per the K-P model also compliment the same. The “n

F1
——F2
—&—F3
e F4
—e=F5

T T T T T T T T 1

8 10 12 14 16 18 20 22 24

Time(hours)

Table 4 Regression coefficient (r%) values of drug release data calculated from various drug release kinetic models and ‘n’ value (diffusional

exponent) in accordance with Korsmeyer—Peppas

Formulations code Zero order First order Higuchi Korsmeyer- Peppas
12 12 2 12 n

F1 0.922 0.976 0.993 0.991 0.534
F2 0.919 0.863 0.997 0.959 0.770
F3 0.922 0914 0.936 0.930 0.786
F4 0.904 0.923 0.950 0.927 0.769
F5 0.854 0.908 0.964 0.813 0.772
F6 0.870 0.895 0.917 0.893 0.738
F7 0.915 0.889 0.959 0.951 0.692
F8 0.849 0.941 0.952 0.866 0.790
F9 0.814 0.900 0.938 0.873 0.737

n diffusional exponent
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value as per K-P model for the formulations F2-F9 was
found to be between 0.45 and 0.89 that indicates anoma-
lous release behavior of drug (Ceballos et al. 2005).

Swelling studies

The swelling studies of all formulations were carried out in
different dissolution media (pH 1.2, 6.8, and 7.4). The
swelling index of all formulations were obtain in order of
F2 > F1 > F3 > F4 > F5 > F6 > F7 > F8 > F9 as
depicted in Fig. 4. The swelling index of F2 formulation
containing Eudragit RLPO coated with 1 % concentration
of Eudragit S100 taken less time (p < 0.05) to rupture the
outer wall of Eudragit S100 as compared with other for-
mulations (coated with high concentrations of Eudragit
S-100), which provide less barrier to swell the inner wall of
Eudragit RLPO, which is a high permeable polymer. It
occurs due to lesser amount of coating concentration
around the tablet Von der et al. (1993). In Fl(core) for-
mulation (without coating of Eudragit S-100) containing
combination of Eudragit RLPO and Eudragit RSPO

Fig. 4 Swelling index (%) of 120
all formulations of mesalamine
matrix tablets. Data are 100 -

represented as mean £+ SD
(n = 3). TStatistically
significant difference at

p < 0.05, ﬁStatistically
significant difference at

p < 0.01, T Statistically

(o]
o
1

% Swelling Index
(=2}
o
|

significant difference at 40 -
p < 0.001, " Statistically
significant difference at 20
p < 0.0001 from F1 (core
tablet) as determined by one- 0 -

way ANOVA followed by

1H 2H
Dunnett’s test

Fig. 5 Comparative in vitro 100 -
drug release profile of optimized

. 90 -
formulation and marketed
formulation (Octasa MR). Data 80 -
are represented as mean + SD 70 -

(n=3)

% cumulative release

provides less swelling index as compared with F2 formu-
lation. This might be due to less concentration of Eudragit
RLPO, which is water permeable polymer. The formula-
tions F3-F5 containing RLPO coating with different con-
centrations of Eudragit S100 (1.5, 2, and 2.5 %) showed
less swelling studies (p < 0.01) as well as less drug release.
It occurs because on increasing the coating level of
Eudragit S100 over the matrix tablet, there is formation of
more barriers over the tablet and it takes more time to
rupture the outer wall of Eudragit S100 when comes in
contact with dissolution media. The formulations F6-F9
containing Eudragit RSPO when exposed to dissolution
media showed least swelling index (p < 0.000) because of
its less permeable nature and lesser amount of quaternary
ammonium groups in its structure (Kuksal et al. 2006)
(Fig. 5).

Scanning electron microscopy of matrix tablets

Scanning electron microscopy (SEM) analyses were per-
formed on the optimized batch (F2) with different

BmF1

TiT

HF2
mF3
WF4
WF5
mF6
mF7
HF8

1F9

4H 5H 6H 8H 10H 12H B

——F2 optimised formulation

F2" marketed formulation

T T T T T T T 1

10 12 14 16 18 20 22 24
Time(hours)
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dissolution media (pH 1.2, 6.8 and 7.4). SEM photomi-
crographs of the outer surface of the coated matrix tablet
showed a homogenous and quite compact structure without
any pore before dissolution as depicted in Fig. 6. The
coated matrix tablet placed in pH 1.2 for 2 h showed the
presence of limited eroded area and numerous pores and
channels indicating limited swelling of the matrix tablet,

drug diffusion could occur though a porous network filled
by the solvent penetrated into the matrix. Then coated
matrix tablet was transferred to pH 6.8 for 3 h which
results in the formation of channels and pores occurs when
the dissolution medium get penetrated in it. It occurs
mainly due to RLPO polymer which was more permeable
to the dissolution media. This caused the coating to break,

Fig. 6 Scanning electron microscopy of optimized formulation F2 of the surface with 1 % w/v concentration of Eudragit S100 coated tablet after
a0h,b2h,c3h,d 19 h of dissolution study in 0.1 N HCI, pH 6.8 phosphate buffer and pH 7.4 phosphate buffer

100 -
90 |
80 |
70 -
60 |
50 -
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30

Drug Concentration(%)
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Fig. 7 Stability studies of all formulated mesalamine matrix tablets under elevated (40° & 2 °C and 75 £ 5 % RH) and room temperature

storage condition. Data are represented as mean + SD (n = 3)
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producing deep fracture and irregular cavities which appear
evident on the tablet surface. Then at last coated matrix
tablets were transferred in pH 7.4 for 19 h showed increase
in diameter of the pores and swelling of the tablets though
the matrix with different time interval. The presence of
both swelling and diffusion mechanism indicates formation
of pores and gelling structure on the tablet surface showed
sustained drug release from coated matrix tablets (Akhgari
et al. 2010).

Stability studies

The stability studies of all formulations for targeting
Mesalamine to the colon were carried out at 30 + 2 °C/
65 = 5 % RH (room temperature studies) and at 40 £ 2 °C/
75 £5 % RH (accelerated temperature studies) for
6 months as per ICH guidelines. After storage for O days, 3,
6 weeks, 3 and 6 months, the tablets were observed for
physical appearance, color change and were subjected to
drug content. The results indicated that no change in phys-
ical appearance was noticed upon visual inspection of the
tablets. All the formulations showed more than 90 % of drug
content during both accelerated and room temperature
storage conditions. The graphical representation of drug
content of all formulation batches of mesalamine matrix
tablets at room temperature and accelerated temperature is
shown in Fig. 7 (Ali Asghar et al. 2009).

Conclusions

From the investigation, it can be concluded that the
appropriate combination of a pH dependent polymer (Eu-
dragit S100) with a pH independent polymer (Eudragit
RLPO) were suitable adequately sustained the drug release
from mesalamine matrix tablet. The selected mesalamine
tablets when compared with marketed formulation pro-
duced sustained release within 24 h which is prerequisite
for colon drug delivery. The in vitro studies were charac-
terized by negligible release in the initial phase followed
by controlled release at specific site (colon). The drug
release kinetics showed that the formulations were best
fitted with Higuchi release model and the drug mechanism
was followed Korsmeyer—Peppas equation with non-Fick-
ian diffusion kinetics. The formulations when subjected to
stability studies indicated no significant change in physical
appearance and drug content. Controlled release system for
colon specific drug was developed successfully.
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