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ABSTRACT

Objectives: The objective of this research was to organize and evaluate colon specific microspheres of the meloxicam for the treatment of colorectal
cancer.

Methods: Sodium alginate microspheres were prepared by ionotropic gelation method using different ratios of meloxicam and sodium alginate (1:1,
1:2, and 1:3). Eudragit-coating of meloxicam, sodium alginate microspheres was performed by coacervation phase separation technique.

Results: The microspheres were characterized by shape, particle size, size distribution, incorporation efficiency, in vitro drug release studies and
stability studies. The outer surfaces of the core and coated microspheres, which were spherical in shape, were rough and smooth, respectively. The
size of the core microspheres ranged from 20 to 52 um, and therefore the size of the coated microspheres ranged from 107 to 178 um. The core
microspheres sustained the discharge for 10 h during a pH progression medium mimicking the condition of gastrointestinal tract. The release studies
of coated microspheres were performed during a similar dissolution medium as mentioned above. In acidic medium the discharge rate was much
slower, however the drug was released quickly at pH 7.4 and their release was sustained up to 24 h.

Conclusions: It's concluded from this investigation that Eudragit-coated sodium alginate microspheres are promising controlled release carriers for
colon-targeted delivery of meloxicam.
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INTRODUCTION

Targeted drug delivery into the colon is highly desirable for local
treatment of variety of bowel disease such as ulcerative colitis,
cirrhosis disease, amoebiasis, colonic cancer, local treatment of colonic
pathologies and systemic delivery of protein and peptide drugs. The
colon specific drug delivery system should be a capable of protecting the
drug in route to the colon, that is, drug release and absorption should
not occur in stomach as well as in the small intestine, and neither the
bioactive agent should be degraded either of the dissolution sites, but
only released and absorbed once the system reaches the colon. A colonic
targeted approach found to be effective in minimizing side effects [1,2].

Epidemiological studies demonstrated that 40-50% reduction in the
risk for colorectal cancer following prolonged use of non-steroidal anti-
inflammatory drugs. Recent studies show that cyclooxygenase (cox)-2
levels are increased in 85% of colorectal adenocarcinoma. Meloxicam
is an non-steroidal anti-inflammatory drug drugs shows cox-1 IC50 of
3.27 pm and cox-2 IC50 of 0.25 um, 13.1 times more preferential for
cox-2 inhibition. Evaluation of selective cox-2 inhibitors for effects on
colorectal cancer are currently an area of intense investigation and pre-
clinical studies have clearly shown potent antitumor properties and
several studies are reported in the application of meloxicam for the
prophylaxis of colorectal cancer [3,4].

Various approaches were tried to achieve colonic delivery of drugs
include use of prodrugs, pH-sensitive polymer coatings, time dependent
formulations, bacterial degradable coatings, time/pH-controlled
delivers, and intestinal luminal pressure-controlled colon delivery
capsules [5]. A well-designed controlled drug delivery system can
overcome some of the problems of conventional therapy and enhance
the therapeutic efficacy of a given drug. To obtain maximum therapeutic
efficacy, it is necessary to deliver the agent to the target tissue in the

optimal amount in the right period of time there by causing little toxicity
and minimal side effects. There are various approaches in delivering a
therapeutic substance to the target site in a sustained and controlled
release fashion. One such approach is using microspheres as carriers
for drugs. Microspheres are characteristically free flowing powders
consisting of proteins or synthetic polymers which are biodegradable
in nature and ideally having a particle size <200 um [6,7].

Mainly colon-specific polymer-based matrix tablets are reported for
meloxicam for colon targeting. However, due to variations in transit
throughout the colon, the drug release is often impaired when the colon-
specific tablet matrix isn’t readily disintegrated, and treatment will
remain ineffective. This problem might be circumvented by reducing
the dimensions of the delivery carrier, since it's been reported that
gastrointestinal retention depends on the dimensions of the carrier,
meaning that smaller carriers will cause longer residence within the
colon. Hence within the present investigation we are aimed to develop
a colon-specific microsphere delivery system of meloxicam using natural
and enteric polymer as a carrier and to develop the colon-specific delivery
that has potential to be used as an adjuvant therapy for colorectal cancer.

METHODS

The meloxicam was supplied by yarrow chemicals; Sodium alginate
was supplied by Thomas Baker; Eudragit S-100 Research lab; Calcium
chloride and Hydrochloric Acid; n-hexane, Disodium hydrogen
phosphate, Potassium di-hydrogen phosphate, Ethyl acetate Span 80
was supplied by S.D. Fine Mumbai.

Design and formulation of multiparticulate system of meloxicam
Preparation of drug loaded sodium alginate microspheres

study In the present microspheres were prepared using sodium
alginate as polymer by ionotropic gelation technique. The meloxicam



Dhas and Deshmukh

was dispersed in a solution of 4% w/v sodium alginate with stirring
to supply a viscous form. Then polymer drug solution was added drop
wise using syringe of twenty-two G in diameter from a height of about
5 cm into a beaker containing 4% w/v solution of salt with continuous
stirring by magnetic stirrer for 10 min. Then the answer containing the
gel formed microspheres was filtered using Whattman paper nol. The
microspheres were allowed to dry at about 30-40°C and stored in well
closed container for further use.

Preparation of Eudragit S-100 coated sodium alginate microspheres
Sodium alginate microspheres were coated with Eudragit S-100
using coacervation phase separation technique. Sodium alginate
microspheres (50 mg) were dispersed in 10 ml of coating solution
prepared by dissolution of 200 mg of Eudragit S100 in ethanol: acetone
(2:1) to offer 1:1, 1:2, and 1:3 (coat: core ratio) and containing 0.2%w/v
Span 80. This mixture was agitated for 5 min at 600 rpm. Subsequently
50 ml n-hexane (as the non-solvent) was poured into the polymeric
solution containing the core material with the speed of 1 ml/min. The
medium was stirred for 60 min to finish the method of micro particles
coating. Coated microspheres were then washed with a more than
n-hexane, filtered and dried at room temperature [9].

Evaluation of sodium alginate microspheres containing meloxicam
Characterization of beads

The developed microspheres beads were studied for compatibility
studies by Fourier-transform infrared (FTIR) and subjected for various
characterizations such as size and shape analysis, FTIR studies,
percentage yield, incorporation efficiency, micrometric properties,
degree of swelling, in vitro wash off test for microspheres.

FTIR studies

IR spectroscopic studies were carried out for prepared by meloxicam
powder, using Shimadzu FTIR 1700 model to determine the integrity of
the drug in the formulation.

Compatibility studies

Compatibility of the meloxicam with sodium alginate and Eudragit
S-100 used to formulate microspheres was established by FTIR.
Spectral analysis of meloxicam, sodium alginate and Eudragit S-100 and
combination of the meloxicam with sodium alginate and Eudragit S-100
was carried out to investigate any changes in chemical composition of
the drug after combining it with the excipients (Figs. 1-5).
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Size and shape analysis

Microscopic analysis was performed to work out the typical size of
microcapsules. The microcapsules prepared were dispersed in liquid
paraffin and a drop of above dispersion was placed on a glass slide
and observed under a microscope. The diameter of 100 microcapsules
decided using calibrated eyepiece micrometre and stage micrometre.
The typical diameter was calculated using the subsequent formula.

E nd
Average diameter= xcf
n

Where
n = Number of micro beads.
d = Diameter of the micro beads, C.F = Calibration factors.

Micrometric properties of alginate microspheres

The flow properties of coated microspheres were investigated by
determining the angle of repose, bulk density, and tapped density. The
angle of repose decided by the fixed base cone method. Bulk and tapped
densities were measured in 10 ml of a graduate. The sample contained
within the cylinder was tapped mechanically by means of a constant-
velocity rotating cam. The tapped volume was noted down when it
showed no change in its value and bulk density and tapped density was
calculated. Each experiment was performed 3 times [5].

Determination of percentage yield of microspheres

Thoroughly dried microspheres were collected and weighed accurately.
The percentage yield was calculated using formula [10].

Percentage yield = (Practical yield/Theoretical yield) x 100.

Incorporation efficiency

In 100 ml volumetric flask 20 mg of crushed microspheres were taken
and dissolved with small quantity of methanol of the volume is made up
to mark with pH 6.8 and stirred for 12 h. After stirring the solution was
filtered through Whatman filter paper and from the filtrate appropriate
dilutions were made and absorbance was measured at 365 nm using
UV-spectrophotometer 1700 (Shimadzu) [11].

Incorporation efficiency =b a x 100 €8]

Where “a” is the theoretical drug content and “b” is the drug entrapped.
The incorporation efficiency of coated microspheres was determined as
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described above after removing the Eudragit S-100 coating by washing
with methanol.

In vitro drug release studies of coated meloxicam microspheres

The release of meloxicam microsphere was carried out using USP
basket-type dissolution apparatus at a rotation speed of 100 rpm, and a
temperature of 37+0.5°C. For Microsphere simulation of gastrointestinal
transit conditions was achieved using different dissolution media. Thus,
drug release studies were conducted in simulated gastric fluid (SGF,
pH 1.2) for the first 2 h as the average gastric emptying time is about

2 h. Then, the dissolution medium was replaced with enzyme- free
simulated intestinal fluid (SIF pH 7.4) and tested for drug release
for 3 h, as the average small intestinal transit time is about 3 h, and
finally enzyme- free (SIF, pH 6.8) was used up to 8 h to mimic colonic
pH conditions. About 900 ml dissolution media was used. Medium
5 ml of sample was withdrawn every time and replaced with fresh
medium, samples withdrawn at various time intervals were analyzed
spectrophotometrically at 365 nm.

Kinetics of drug release experiments were treated with the different
release kinetic equations [14,15].
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Zero order release equation: for colonic targeting. In this regard formulation studies were carried
Q=K0t (@8] out. The results for the experiment conducted are as follows,
First order equation:
InQ=Kft (2) Meloxicam sodium alginate microspheres
Higuchi’s square root of time equation: Sodium alginate microspheres of meloxicam were successfully
Q=KH t% 3) prepared by ionotropic gelation method. Uniform and almost spherical
Kors Meyer and Peppas equation: microspheres were obtained. The mean diameter of sodium alginate
F = (Mt/M) = Km tn (4) microspheres varied with varying drug: polymer ratio (Al, All, III, BI,

RESULTS AND DISSICUSION

The aim of this project was to design and develop an oral, controlled
release multi particulate drug delivery system of meloxicam proposed

BII, BIII, CI, CII, and CIII). The results were shown in Table 1.
Compatibility studies

From the FT-IR spectra of the pure drug and therefore the combination
spectra of drug with the polymers, it had been observed that each
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Table 1: Formulation plan

Ingredient Al All AIll BI BII BIII CI clI CIII
Meloxicam 2g 2g 2g 2g 2g 2g 2g 2g 2g
Sodium alginate lg 1lg 1g 2g 2g 2g 3g 3g 3g
Calcium chloride 2g 2g 2g 2g 2g 2g 2g 2g 2g
Eudragit s 100 100 mg 200 mg 300 mg 100 mg 200 mg 300 mg 100 mg 200 mg 300 mg
ethanol 7 ml 7 ml 7 ml 7 ml 7 ml 7 ml 7 ml 7 ml 7 ml
acetone 3ml 3ml 3ml 3ml 3ml 3ml 3ml 3ml 3ml
Span 80 0.1 ml 0.1 ml 0.1 ml 0.1 ml 0.1 ml 0.1 ml 0.1 ml 0.1 ml 0.1 ml
N-hexane 50 ml 50 ml 50 ml 50 ml 50 ml 50 ml 50 ml 50 ml 50 ml

one the characteristics peaks of meloxicam, were present within the
combination spectra thus indicating the compatibility of the drug with
the polymers used. The individual spectra of the pure drug meloxicam,
polymer sodium alginate, Eudragit S-100 also because the combination
of the drug and polymers are shown within the Figs. 3-5 respectively.
For finding out the mechanism of drug release from tablets, the
dissolution data obtained from the above experiments were treated
with the various release kinetic equations [14,15].

Zero order release equation:

Q=KO0t 1
First order equation:

In Q=Kft 2)
Higuchi’s square root of time equation:

Q=KHt}2 3)
Kors Meyer and Peppas equation:

F = (Mt/M) = Km tn 4

Morphology, size of microspheres, and micrometric properties of
microspheres

The sodium alginate microspheres were discrete and spherical in shape
with a rough outer surface due to the surface-associated crystals of
the drug. Table 2 indicates that a better ratio of drug and polymer is
related to increase in microsphere size decrease within the alginate
concentration resulted within the clumping of microspheres, whereas
a better sodium alginate concentration resulted within the formation
of discrete microspheres with a mean diameter of 78 um. This might
flow from to higher viscosity at a better concentration and formation
of larger microspheres. This might be explained by the very fact that
more of the calcium ions became available for cross-linking guluronic
acid units of sodium alginate, leading to the formation of more cross-
linked alginate, which successively could increase the viscosity of the
formulation, resulting in the formation of larger microspheres. The
diameter of the core microspheres was in the range of 20-52 um.
A scanning microscopy photograph of coated alginate microspheres
showed that the microspheres were discrete and spherical in shape,
with a smooth outer surface. The dimensions of coated microspheres
ranged from 107 pm to 178 um. All formulations showed excellent
flowability, as represented in terms of angle of repose (Table 3).

In vitro drug release studies for uncoated microspheres

The in vitro release profile of different core alginate microsphere
formulations in there was no significant difference in rate and extent
of drug releases from formulations and statically significant difference
within the rate and extent of drug release was observed in formulation
compared to different ratio of formulations. This might be attributed
to a rise within the density of the polymer matrix and therefore
the diffusional path length that the drug has got to transverse. The
discharge of meloxicam was characterized by a burst release followed
by a moderate, slow release. The biphasic pattern of drug release is
characteristic of matrix diffusion kinetics. The burst release are often
reduced by increasing the polymer concentration, leading to better
incorporation efficiency, as discussed earlier, and a decrease in surface
associated drug. The results indicate that rate and extent of drug release
decreased significantly.

Table 2: Physical characteristics of core and coated

microspheres
Batch Angleof  Bulk Tapped Hausner’'s %
repose density density ratio Compressibility

Al 26.85+0.24 0.58+0.04 0.63+0.03 1.08+0.05 7.93+0.34
All  24.22+0.29 0.60+0.03 0.66+0.02 1.11+0.06 9.09+0.16
Alll  27.60+0.16 0.56+0.02 0.59+0.03 1.15+0.03 5.08+0.08
BI 28.98+0.33 0.52+0.01 0.58+0.02 1.11+0.03 10.34+0.32
BII 27.15+0.24 0.67+0.03 0.73%0.01 1.09+0.05 8.22+0.14
BIII  28.05%0.20 0.62+0.02 0.70£0.03 1.12+0.04 11.42+0.22
CI 29.56+0.40 0.56x0.02 0.62%0.02 1.10+0.05 9.96x0.22
CII 28.14+£0.14 0.65+0.04 0.75+0.02 1.10+0.04 8.90+0.29
CII  29.34%0.39 0.62+0.02 0.69+0.02 1.20+0.05 6.25+0.18

In vitro drug release studies for coated microspheres

The second a part of the formulation focused on coated alginate core
microspheres. The cores were microencapsulated by the coacervation
phase separation technique. The coating polymer, Eudragit S-100,
dissolves above pH 7.0, thereby protecting the drug from releasing
from the alginate core before reaching the colonic region. Once the
enteric coating dissolves, it’s expected that drug release would then be
controlled by alginate within the target. The in vitro release behaviour
of encapsulated microspheres was very dramatic needless to say,
no drug release occurred at gastric 1.2 for 2 h. As shown in Fig. 1, no
drug release occurred below the pH of polymer solubility. After this
lag time, drug release and therefore the time for the entire drug varied
counting on the core-to-coat ratio. The discharge of meloxicam bogged
down because the concentration of coating polymer increased. The in
vitro release studies data were fitted into various release equations
to elucidate the kinetics of drug release from these microspheres. The
kinetic models used were first-order, zero-order, Higuchi and Peppas
release models. Linear regressions are shown for maximum drug
release batch. The examination of the determination R2 coefficient
indicated that drug release followed the diffusion control mechanism
from the core and coated microspheres. To explore the kinetic behavior,
in vitro release results were further fitted into the subsequent Kors
Meyer and Peppas equation.

Mt Moo =K tn

Where Mt/Moo is the fraction of drug time t, k is a kinetic constant, and
n is a release exponent that characterizes the drug transport.

In vitro drug release for coated microspheres

y=1202x- 1590

2! . ; y=-0087x+2025
ZeroOrder  w-os0 25 First Order —

2 .
15 ¢ 3
1]
05
0 ; : . ]
0 2 4 6 8
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Table 3: Drug release profile of meloxicam by dissolution apparatus

Time interval formulation 0h 1.2 pH 1h12pH 2h12pH 3h74pH 4h74pH 5h74pH 6h6.8pH 7h6.8pH 8h6.8PH
Al 0.61 1.22 1.34 32.32 36.36 36.82 38.84 40.98 56.91
All 0.46 0.93 4.09 26.39 29.64 29.88 31.72 31.75 31.90
Alll 0.61 0.66 1.07 6.28 9.99 13.21 15.58 16.76 17.19
BI 1.35 1.37 1.43 41.39 45.99 46.94 49.56 49.77 49.80
BII 1.46 1.65 2.26 26.34 34.21 36.60 39.29 40.05 42.98
BIII 1.35 1.59 4.24 17.73 27.53 36.61 41.59 43.12 43.90
CI 1.40 1.48 1.55 56.09 63.02 65.00 68.67 68.10 68.78
ClI 0.86 0.96 117 15 27.11 36.74 44.58 46.83 50.47
CIII 1.35 1.40 1.54 5.99 10.99 16.76 21.63 23.98 27.87
s : Higuch r—— The Model F-value of 10.23 implies the model is significant. There is
' Hivson Crowell ) , R=0761 only a 1.17% chance that an F-value this large could occur due to noise.
g M;:f:?g:'m N Values of “Prob>F” <0.0500 indicate model terms are significant. In this
3 5 ¢ case B is a significant model term. Values >0.1000 indicate the model
! 2 o terms are not significant.If there are many insignificant model terms
Jd 5, ¢ (not counting those required to support hierarchy), model reduction
. ¢ o may improve your model.
I L R A SD 8.65 R-Squared 0.7732
Mean 43.31 Adj R-Squared 0.6977
e CV% 19.97 Pred R-Squared 0.4721
- PRESS 1044.68 Adeq Precision 8.523
-2 Log Likelihood 60.72 BIC 67.32
Koresemeyer Peppas AlCe 71.52

y=0.35x+0.051
R?=0.845

Factorial design

Factorial of batches

Run Factor 1 Factor 2 Response 1
A:Sodium B:Eudragit CPR (%)
alginate (g) S-100 (mg)

1 1 100 56.91

2 1 200 319

3 1 300 17.19

4 2 100 49.8

5 2 200 42.98

6 2 300 439

7 3 100 68.79

8 3 200 50.47

9 3 300 27.87

Response 1 CPR

ANOVA for Response Surface Linear model

Analysis of variance table (Partial sum of squares - Type III)

Source Sumof df Mean F p-value
Squares square value Prob>F
Model 1530.14 2 765.07 10.23 0.0117  Significant
A-Sodium 28195 1 28195 377  0.1002
alginate
B-Eudragit 1248.20 1  1248.20 16.69 0.0065
S-100
Residual  448.73 6 74.79
Cor Total 1978.87 8

The “Pred R-Squared” of 0.4721 is not as close to the “Adj R-Squared”
of 0.6977 as one mightnormally expect; that is, the difference is more
than 0.2. This may indicate a large block effector a possible problem
with your model and/or data. Things to consider are model reduction,
response transformation, outliers, etc. All empirical models should be
tested by doing confirmation runs. “Adeq Precision” measures the signal
to noise ratio. A ratio >4 is desirable. Your ratio of 8.523 indicates an
adequate signal. This model can be used to navigate the design space.

Factor Coefficient df Standard 95%CI 95%CI VIF
estimate error Low High

Intercept  43.31 1 288 36.26 50.37

A-Sodium  6.86 1 353 -1.78 15.49 1.00

alginate

B-Eudragit -14.42 1 353 -23.06 -5.78 1.00

S-100

Final equation in terms of coded factors
CPR=+43.31+6.86*A-14.42*B

The equation in terms of coded factors can be used to make predictions
about the response forgiven levels of each factor. By default, the high
levels of the factors are coded as +1 and the low levels of the factors are
coded as -1. The coded equation is useful for identifying the relative
impact of the factors by comparing the factor coefficients.

Pt Coto: Al

CPR (%)
o Design Points
68.79

I 8.7¢

17.19
= A: Sodium alginate
= B: Eudragit S-100

CPR (%)

B: Eudragit S-100 (mg)

A: Sodium alginate (gm)
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CONCLUSIONS

The results of my study clearly indicate that there is great potential
in delivery of meloxicam to the colonic region as an alternative to the
conventional dosage form. However, more extensive pharmacokinetic
and pharmacodynamics studies are needed before establishing
colonic delivery of meloxicam as an alternative. Sodium alginate is a
biocompatible polymer; we expect it to cause no harmful effects if used
for prolonged periods.
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