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ABSTRACT

Mucinated cellulose microparticles were generated by mixing equal concentrations of colloidal disper-
sions of porcine mucin (Mc) and microcrystalline cellulose (MCC). The hybrid polymer was recovered
by precipitating at controlled temperature and pH conditions using acetone. Some physicochemical, func-
tional and thermal properties of the hybrid polymer were determined and compared with those of Mc
and MCC. The new polymer Mc-MCC had swelling and moisture sorption profiles that were different from
those of Mc and MCC in buffer solutions with different pH values and relative humidity, respectively. The
mucoadhesive property of the new polymer was similar to that of Mc. The scanning electron micrographs
(SEMs) showed that the microparticles generated from the hybridization were similar to those of MCC,
but with larger and denser particles. The Fourier Transform Infrared (FT-IR) spectrum and Differential
Scanning Calorimeter (DSC) thermogram of the hybrid polymer were characteristically different from
those of Mc and MCC. The presence of new peaks in the FT-IR spectrum and distinct cold crystallization
exotherm, which were absent in both Mc and MCC, confirms the formation of a new polymer type with
synergistic physicochemical and functional properties.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

There is a constant pressure to develop new polymers for use as
excipients with the desired set of functionalities to meet the
increasing need for newer delivery technology [1]. Several tech-
niques have been explored to meet this need. These include direct
synthesis [2,3] and preparation of new polymer types from the
composites of the existing ones [1,4]. Such new polymers are often
tailored to meet specific needs [5]. Many commercially available
polymers employed as excipients are produced by chemical mod-
ification of the naturally occurring ones [6]. Both chemical cross-
linking and physical crosslinking are popular methods by which
new polymer types are produced [7]. Hybrid polymers with supe-
rior functional and physicochemical properties have been pro-
duced by physical and chemical crosslinking of polymers with
different but desirable properties [8]. An important attribute of
polymer hybridization is that the new species combine the quali-
ties of the components in terms of functional and physicochemical
properties [9]. Other important attributes in developing such novel
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excipients are non-toxicity, biocompatibility and biodegradability
which are acquired from the component polymers.

Mucins are high-molecular weight glycoproteins found on the
surface of epithelial tissues where they act as lubricants and pro-
tectants [10]. In the gastrointestinal tract, mucin protects the mu-
cus membrane against the harsh conditions of the gastric
environment due to hydrochloric acid. It also controls the diffusion
of molecules across the mucus membrane. These functions are
mainly due to its intrinsic viscoelastic consistency [11]. The func-
tional properties of mucin (Mc) as a protective coat make it a po-
tential pharmaceutical excipient for new drug delivery concepts.
Such excipients may contribute in drug therapeutics, such as safe
delivery of aspirin and other non-steroidal anti-inflammatory
drugs to ulcer patients. Microcrystalline cellulose (MCC) is purified
partially depolymerized cellulose. It is nonirritant and nontoxic,
and is widely used in oral pharmaceutical formulations and food
products. In many conventional pharmaceutical formulations, it
is primarily used as binder and diluents in oral tablets and capsules
in both wet granulation and direct compression processes. It is also
used as a lubricant and disintegrant in tablets. Because of its desir-
able physicochemical and functional properties, MCC has been co-
processed with other excipients [6]. By hybridizing Mc and MCC, a
novel polymer with a combination of the physicochemical and
functional properties characteristic of the two component poly-
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mers is expected. The new polymer will be directly compressible as
well as acting as a mucus membrane protectant.

Thus, to produce a novel excipient with membrane-protective,
mucoadhesive and direct compression properties for therapeutics
and drug delivery purposes, a Mc and MCC hybrid (Mc-MCC) will
be prepared by regenerating colloidal mixtures of Mc and MCC at
controlled pH and temperature conditions. The novel excipient in
comparison with the starting materials will be characterized by
evaluating their FT-IR spectra and DSC thermograms, mucoadhe-
sive properties, swelling as well as their moisture sorption pro-
files to determine relevant physicochemical and functional
properties.

2. Materials and methods
2.1. Materials

The materials used were microcrystalline cellulose (MCC) (Flu-
ka Biochemica, Ireland); porcine mucin (Mc), sodium chloride, and
magnesium chloride (Sigma-Aldrich Chemie, Germany); potas-
sium dihydrogen phosphate (May & Baker, Dagenham, England);
and sodium hydroxide, potassium thiocyanate, potassium chloride
and calcium chloride (BDH Chemicals, UK).

2.2. Preparation of mucin-microcrystalline cellulose hybrid

MCC was solubilised by using the method of Kuo and Hong [12].
A 10% w/v dispersion of MCC was made using 9% w/v sodium
hydroxide solution in distilled water. The dispersion was stored
at —30°C for 24 h and then thawed at 30 °C. The freezing and
thawing cycle was repeated thrice. The pH of 10% w/v dispersion
of Mc in distilled water was determined and used as the reference
point for the end pH of the final product. Equal volumes of Mc and
MCC colloidal dispersions were mixed and homogenized for
30 min with a Kenwood mixer (Kenwood Ltd., USA) at a mixing
speed of 200 rpm. The pH of the mixture was then adjusted to
6.5 using 2 M HCl. The dispersion mixture was gradually intro-
duced into a 1L beaker containing three parts by volume of ace-
tone maintained at —30 °C with continuous stirring at 400 rpm.
The coacervate formed was recovered by filtration with a filter pa-
per (Whatman, USA), with more portions of acetone used to rinse
the generated microparticles to remove any residual water. The hy-
brid polymer microparticles were then dried with a flush of cold air
(10°C). The dry sample was screened with a 250-um sieve (US
Standard sieve, USA) using a sieve shaker (Retsch, D 42781 Haan,
Germany). The powder was then stored in a desiccator for 48 h be-
fore storing in an airtight container.

2.3. Particle properties

The packing properties of the powdered polymer samples were
determined with the tapping method using the Kawakita equation
[13,14] as represented by

1/(en—&)=K-n+1/(& — &) (1)

where &,, &, and & are the porosities of the powder bed at initial,
nth and final tappings, respectively, and n is the number of taps.
The packing rate constant K is determined as the slope of the plot
of 1/(en — &) vs the number of taps, n.

The flow properties were determined by two empirical meth-
ods; Angle of repose (@), determined using Eq. (2), and Carr’s com-
pressibility index (CI), determined using Eq. (3) [15]

2h

tand =7 (2)

where h is the powder bed height and D is the powder bed diameter

Cl = (Vo — Vy)/Vo x 100 3)

where V, is the inverse of the bulk density and V; is the inverse of
the tapped density.

2.4. Photomicrograph

The scanning electron micrographs (SEMs) of the various poly-
mer microparticles were obtained. The samples were prepared by
gold-plating the particles, while imaging of the formulations was
carried out on a scanning electron microscope (FEI Quanta 400,
FEI Company, OR, USA) at a magnification of 250x.

2.5. Mucoadhesive properties

Compacts of Mc, MCC and Mc-MCC were prepared by com-
pressing 500 mg powder with a compression machine (Shanghai
Tiaxiang & Chenta. Pharmaceutical Machinery Co. Ltd.) fitted with
a 12-mm flat faced punch and die set at a pressure of 20 KN. The
mucoadhesive characteristics of Mc, MCC and Mc-MCC were stud-
ied by evaluating the force required to detach the hydrated com-
pacts from the surface of freshly excised porcine small intestinal
tissue, using a Du Nouy tensiometer adapted for this purpose [11].

2.6. Swelling properties

Compacts of Mc, MCC or MCC-Mc microparticles each weighing
250 mg (Wq4) were placed in a desiccator for 48 h. Each disc was
placed on a mini glass plate (2 x 4 cm) of known weight, which
was then transferred into a Petri dish containing 60 ml of a buffer
solution (the buffers had pHs of 2, 4, 7 and 9, respectively) at 25 °C.
At 10 min intervals, the glass plates with the hydrated discs were
removed, dried by blotting with tissue paper and weighed (W,).
The degree of swelling, (Q) was determined using Eq. (4). When
the hydrated discs reached a constant weight (W,), the percentage
swelling at this point was considered to be the percentage equilib-
rium swelling (Q.) and was determined according to Eq. (5) [16]

Q = [W, — W4/Wy] x 100 4)
Qe = [We — Wy /W4] x 100 5)

2.7. Moisture sorption characteristics

Quantities of Mc, MCC and MCC-Mc microparticles were placed
in a Petri dish and stored in an activated desiccating chamber at
10 °C for one week to remove residual moisture from the materials.
The moisture sorption isotherms of the microparticles were deter-
mined by the gravimetric method [17]. One gram of each dry poly-
mer powder was placed in an aluminum foil and put in a desiccator
with a gauze holding tray containing either distilled water or sat-
urated solution of different salts to provide the required relative
humidity (RH) (water 100%, potassium chloride 84%, sodium chlo-
ride 75%, potassium thiocyanate 47% and calcium chloride 31%).
The powders were weighed at 12 h intervals until equilibrium
was attained. The equilibrium moisture sorption (EMS) was deter-
mined using

EMS = M./Mqy x 100 (6)

where M, is the amount of moisture sorped at equilibrium and Mg is
the dry weight of the material [18]. The profile of percentage weight
gain vs RH was then evaluated for each material.

2.8. Fourier Transform Infrared (FT-IR) spectroscopy

The FT-IR-spectra were acquired on a NICOLET IR 100 (Thermo
Electro Corporation, USA). Spectra over a range of 4000-400 cm™!
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with threshold of 1.303, sensitivity of 50 and resolution of 2 cm™!

range were recorded on KBr tablets (1 mg of polymer powder per
400 mg of KBr). Spectra scan for each of the polymers (Mc, MCC
and Mc-MCC) was determined.

2.9. Differential Scanning Calorimetry (DSC)

DSC studies were carried out on a DSC 204 F1 (Phoenix NET-
ZSCH) machine equipped with a thermal analysis system. Indium
(156.8 °C) was used as the internal standard. Approximately 1 mg
of Mc, MCC or MCC-Mc was placed in an aluminum pan (25 pl)
and covered with a perforated lid. Dry nitrogen was used as the
purge gas (purge 20 ml min~!). The probes were heated from a
start temperature of 25 °C to 500 °C at a rate of 10 °C min~'. The
relevant thermodynamic parameters were evaluated with the Pro-
teus analysis software.

3. Results and discussion

Porcine mucin is the mucin extracted from the pig gastric mu-
cosa. Mucin is a protein that contains oligosaccharide chains cova-
lently attached to the polypeptide side chains via N- and O-
glycosidic bonds. Mucin is capable of interacting via its glycopep-
tide subunits by means of non-covalent interactions [19,20]. MCC
comprises glucose units connected by a 1-4-B-glycosidic bond
[21], solubilising it by the dislocation of the rigid bonds exposed
the carboxylic and hydroxyl groups to interactions with the func-
tional groups of the mucin peptide chains and to the cleaved oligo-
saccharide subunits. Thus, the mixture of colloidal dispersions of
Mc and MCC in sodium hydroxide provides a veritable atmosphere
for a number of intimate interactions between the various func-
tional groups in Mc and MCC.

A new polymer type (Mc-MCC) resulted from the precipitation
of the dilute colloidal dispersion of a mixture of Mc and MCC under
pH- and temperature-controlled conditions. The resultant hybrid
polymer exhibited superior physicochemical and functional prop-
erties characteristic of the individual components [4,22]. The dis-
persion of MCC in strong sodium hydroxide solution as well as
the freezing and thawing was carried out to solubilise MCC, which
was achieved by dislocating or breaking the strong p-(1-4) gluco-
sidic bonds of the glucopyranosyl linkages of the partially depoly-
merized cellulose [11]. Working at a low temperature (—30 °C) will
be expected to stabilize Mc by minimizing any possible denatur-
ation of the glycoprotein during processing [23]. The pH of the dis-
persion mixture was reverted to that of Mc dispersion in distilled
water to maintain its (Mc) viscoelastic consistency in the hybrid

b MC

[11]. Recovery of the regenerated hybrid polymer was also
achieved by precipitating with chilled acetone (—30 °C). Apart from
preventing the denaturation of Mc, working at a low temperature
will also increase the formation of crystallite points that will en-
hance physical crosslinking by acting as crosslinking sites through
the formation of hydrogen bonds among amine, amide, carboxylic
and the hydroxyl groups that are present in the hybrid dispersion
[24].

3.1. Polymer morphology

The micrographs of MCC (Fig. 1A), Mc (Fig. IB) and Mc-MCC
(Fig. 1C) obtained by scanning electron microscopy are shown in
Fig. l. The micrographs show that Mc occurs as broad thin smooth
sheets with serrated edges, and that MCC occurs as long thin rect-
angular strands with rough porous surfaces, while the particles of
the hybrid, Mc-MCC, though similar in shape to MCC are character-
ized by larger and less rectangular particles with denser and
rougher surfaces. The denser feature of the hybrid could be as a re-
sult of Mc filling and interconnecting with the micro-pores of the
MCC particles. The morphology of the hybrid indicates intimate
interconnectivity, resulting from the interplay of different inter-
and intra-molecular polymer chain interactions that could have re-
sulted from hydrogen and ionic bonding as well as from physical
entanglement between the different polymer chain networks.

3.2. Particle physical properties

The consideration of the particle properties of a material for use
as a direct compression excipient in oral pharmaceutical dosage
forms is of critical importance. This is because important processes
such as mixing, flow and compression are procedures that are
dependent on particle properties [27]. The flow characteristics of
Mc, MCC and Mc-MCC were indirectly assessed by determining
their angle of repose and Carr’s compressibility indices. Flowability
of the particles assessed by angle of repose is based on inter-partic-
ulate cohesion. As a general guide, angle of repose less than 25° is
considered to have very good flow, whereas 50° is poor [15]. The
flow characteristics of the various polymer powders as assessed
by the angle of repose are presented in Table 1. By assessing with
Carr’s compressibility indices, values below 15% represent good
flow, while values above 25% indicate poor flowability. The results
of the flow properties assessed by the Carr’s compressibility index
are also presented in Table 1. The flow quality of the three polymer
types obtained by Carr’s compressibility index was similar to that
obtained by evaluating the angle of repose. The polymer powder

C Mc-MCC

Fig. 1. SEM micrographs of MCC, Mc and Mc-MCC.
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Table 1

Some particle properties of Mc, MCC and Mc-MCC.

Parameter McCC Mc MCC-Mc
Angle of repose 24.5+0.5° 53+1.3° 17 £0.8°
Compressibility index (%) 20.93 78.13 14.24

K 0. 566 0. 435 0. 368

09

08

1/(€n - €1)

OMc:MCC gmcc AMc

n

Fig. 2. Relationship between 1/(¢, — &) and n in Kawakita's equation. O, Mc-MCC;
0, MCC; A, Mc.
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Fig. 3. Mucoadhesive strength of MCC, Mc, and Mc-MCC. —¢—, MCC; -3,
Mc:MCC; —A—, Mc.

flowability can be represented in the order Mc-MCC > MCC > Mc.
Based on acceptable standards, MCC and Mc-MCC can be said to
have good flow, with Mc-MCC having the better flow [28].

One of the essential attributes of MCC is its excellent compacti-
bility at low pressure [29]. The tapping method is a simple way of
assessing the packing characteristics of the hybrid polymer in com-
parison with MCC and Mc using Eq. (1) [13]. The plot of n vs 1/(¢, -
&r) is presented in Fig. 2. This shows a linear relationship between
n and 1/(&, — &). The K values for Mc, MCC and Mc-MCC are 0.435,

300

—-MCC -B-Mc —A-McMCC
250

% Moisture sorption
- - ]
o ] o
o (=] o

[4.)
o

Fig. 4. Moisture sorption profile for MCC, Mc, and Mc-MCC at different RH. —¢—,
MCC; —8—, Mc; —A—, Mc-MCC.

0.566 and 0.368, respectively. A high K value corresponds to a high
compactibility [13]. Thus, Mc-MCC has lower compactibility rela-
tive to Mc and MCC. The difference observed in the K values for
the different polymer types is related to their true density, size
and shape of the particles [28].

3.3. Mucoadhesive properties

The mucoadhesive strength of the discs made from the poly-
mers was assessed to determine the mucoadhesive effectiveness
of Mc-MCC in comparison with its component polymers. The
mucoadhesive strength of Mc, which was the highest, was used
as the reference standard with a value of 100% and the others mea-
sured relative to it (Fig. 3). The order of mucoadhesive strength was
Mc > Mc-MCC > MCC. The adhesion of the polymer discs to the mu-
cus membrane is due to the reduction of the surface energy (inter-
facial tension) between the membrane and the polymer [25].

High hydration capacity is one of the fundamental properties of
a mucoadhesive polymer. Hydration results in the relaxation of
stretched, entangled or twisted molecules in the polymer chain
leading to the release of adhesive sites necessary for mucoadhesive
interaction [26]. Thus, the low mucoadhesiveness of MCC is due to
its low hydration capacity resulting from its high hydrophobicity.
The hydrophobicity of MCC is predominantly due to the presence
of numerous intra- and inter-chain hydrogen bonds in the bulk
polymer. Mc has a high wetting and water holding capacity [11],
apart from this, the high mucoadhesiveness of Mc may be contrib-
uted more by the interpenetration of the mucus gel layer formed
by the hydrated Mc disc and the mucus gel layer of the intestinal
tissue, thus resulting in a stronger adhesive interaction.

The mucoadhesive strength of Mc-MCC was higher than the
average of its components (Fig. 3), thus, the hybridization process
resulted in a new polymer type with mucoadhesiveness similar to
that of Mc than to that of MCC.

3.4. Moisture sorption characteristic

Moisture sorption is a general term used to describe adsorption
and absorption as well as desorption and resorption of moisture
[30]. The adsorption of moisture onto polymer materials occurs
by the formation of hydrogen bonds with the hydrophilic sites
on the surface of the solid [17]. Water molecules first adsorb onto
the surfaces of dry materials to form a monomolecular layer
(adsorption), which is subjected to both surface binding and diffu-
sional forces as shown in Fig. 4. The diffusional forces eventually
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exceed the binding forces as more water molecules adhere to the
surfaces and moisture is transferred into the material (absorption)
[31].

The moisture uptake experiment was aimed at assessing the
comparative amorphicity or crystallinity of Mc, MCC and Mc-
MCC, to provide evidence of crosslinking between Mc and MCC
in Mc-MCC produced from colloidal mixture of MCC and Mc by
the temperature-controlled regeneration of the mucinated cellu-
losic micro-fibers. The isothermic moisture sorption profiles of
Mc, MCC and Mc-MCC are shown in Fig. 4. MCC is slightly hygro-
scopic, while Mc and Mc-MCC are moderately hygroscopic [32].
Moisture sorption characterization has been reported to be the
most sensitive technique for assessing variation in the amorphous
content of polymers as well as for predicting some physicochemi-
cal and functional properties of polymers [18,33,34]. The amount
of water adsorbed is dependent on the affinity between the surface
and water molecules, temperature and the relative humidity as
well as on the amount of surface area exposed [30]. The adsorption
occurs when the water molecules form hydrogen bonds with the
hydrophilic sites on the surface of the polymer [17].

The difference in the moisture sorption characteristics between
the polymers could be due to the difference in the polar groups
available for intermolecular interaction with water molecules.
The glycan chain network of MCC contains numerous OH groups,
which are, however, not available for hydrophilic interaction with
water molecules due to the high degree of hydrophobicity con-
ferred by the presence of strong intra- and inter-chain hydrogen
bonds. Mc showed intermediate moisture uptake because of the
presence of oligosaccharide chains. Mc-MCC showed the highest
moisture uptake (Fig. 4). During the solubilisation process, the
chain network of MCC was dislocated due to the breaking of
numerous B-(1-4) bonds. This process resulted in the destabiliza-
tion of the hydrophobic hydrogen bonds hence, in the exposure
of many OH groups, making them available for interaction with
water molecules. Thus, the hybridization of mucin with the modi-
fied oligosaccharide chains of MCC resulted in a novel moiety,
probably a graft polymer chain with its chain network containing
numerous free OH groups resulting in the formation of hydrophilic
hydrogen bonds with the water molecules.

There was a gradual increase in moisture sorption by the three
polymers between 31% and 92% RH, after which there was a sharp
increase. This may be due to the gradual saturation of the mono-
molecular layer of the polymer powder beds between 31 and 92
RH. The sharp increase in moisture uptake between 92% and
100% RH corresponds to the total saturation of monomolecular
layer and subsequent diffusion of excess moisture into the bulk
powder bed or the formation of a multimolecular layer [31].

The amount of moisture taken up by a hydrophilic polymer de-
pends on its amorphous or crystalline composition. For similar poly-
meric materials, the moisture uptake profile for the amorphous form
exhibits a higher shift when compared to that for the more ordered
crystalline form [33,35]. Thus, the hybrid material Mc-MCC is more
amorphous than either Mc or MCC (Fig. 4). The higher amorphous
domain in Mc-MCC relative to that of Mc and MCC is evidence of
crosslinking between Mc and MCC. Due to its characteristic high
crystalline domain, MCC absorbed the least amount of moisture.
Mc and Mc-MCC showed similar amorphous characteristics, how-
ever, Mc has an apparently lower amorphous domain when com-
pared to Mc-MCC. The amorphous domain of Mc and Mc-MCC is
due largely to the presence of numerous branching and crosslinking
oligosaccharides on the peptide backbone [11].

3.5. Swelling characteristics

Evaluation of the swelling characteristics of any material for
use in drug delivery is important because swelling is one of
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Fig. 5. Swelling characteristics of Mc, MCC, and Mc-MCC in different pH buffer
solutions.
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Fig. 6. Effect of pH on the swelling of Mc, MCC, and Mc-MCC. —¢—, MCC; —g—,
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the primary mechanisms by which active agents are released
from delivery systems [36]. The compacts of Mc, MCC and Mc-
MCC in buffer solutions of different pHs showed different swell-
ing profiles (Figs. 5 and 6). Mc showed a steady and prolonged
swelling in the various buffer solutions as compared to MCC
and Mc-MCC (Fig. 5). This is due to the ability of the Mc com-
pacts to maintain their structural integrity by forming a stable
gel network due to its high viscoelastic consistency. The equilib-
rium swelling for all the compacts made with MCC and Mc-MCC
was attained within a short time with their maximum equilib-
rium swelling time obtained in buffer solutions of pH 4 and
pH 9, respectively (Fig. 5). The time taken to attain stable equi-
librium swelling with stable disc structure integrity was 20 min
for MCC and 10 min for Mc-MCC, after which the compact
started to disintegrate. While MCC did not exhibit pH respon-
siveness to swelling, the reverse was true for Mc and Mc-MCC
(Figs. 5 and 6). Mc and Mc-MCC showed similar pH responsive-
ness to swelling, both attaining maximum swelling at pH 9. For
Mc-MCC, the least equilibrium swelling was attained at pH 7,
swelling for MCC generally increased with decrease in pH
(Fig. 6) while for Mc, the equilibrium swelling in buffer solutions
below pH 9 (pH 7 and pH 4) was quantitatively similar (Fig. 6).
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The comparatively low equilibrium swelling obtained for MCC
could be due to its largely crystalline nature which would result
in increased hydrophobicity. Its rigid B-(1-4) glucosidic bonds,
reinforced by the strong intra-molecular hydrogen bonds, are
responsible for the minimal interaction between the polar groups
of the cellulose glycan chains with water molecules [37]. The high
swelling capacity of Mc is due to oligosaccharide side chains at-
tached to its protein backbone [10]. Its equilibrium swelling was
less than that of Mc-MCC. The Mc and MCC hybrid is probably a
graft polymer of peptide and oligosaccharide chains with numer-
ous ionisable carboxylic acid and hydroxyl groups; these are prob-
ably responsible for the pH responsiveness of Mc-MCC. The degree
of ionization in a particular pH medium is responsible for the ex-
tent of chain repulsion that results in change in free volume re-
quired for water uptake.

Generally, the differences in the swelling characteristics of Mc-
MCC compared with those of Mc and MCC in the different buffer
solutions are an indication of the formation of a new polymer.

3.6. Fourier Transform Infrared (FT-IR) spectroscopy
The IR spectrum of a given compound is always unique and
characteristic. Thus, IR spectroscopy is a quick and relatively cheap

technique for identifying compounds [38]. The IR spectra of Mc,
MCC and Mc-MCC are presented in Fig. 7. IR spectra of Mc, MCC

1A

6001 AMCC B.Mc C.Me-MCC

% Transmitance
h!"@?“.‘”.“’s 2N
OOOOOOO o o

and Mc-MCC were carried out as finger prints to identify Mc-
MCC relative to MCC and Mc. The IR spectrum of Mc-MCC was dif-
ferent from those of Mc and MCC (Fig. 7). Spectrum of MCC is char-
acterized by five strong peaks, which were identified at 3365.51,
2904.05, 1373.44, 1166.47 and 1058.84 cm~'. Mc and Mc-MCC
showed only one strong peak each at 1654.67 and 1060.97 cm ™',
respectively. The peak at 1654.67 cm~! obtained for Mc corre-
sponds to absorption by a carbonyl group attached to an amide
group, while the peak at 1060.97 cm™! corresponds to absorption
in the finger print region. Apart from these prominent peaks iden-
tified by the equipment, there were several other peaks present in
the spectrum. The non-identification of these peaks could be due to
either intra- or intermolecular shielding of the functional groups
represented by these peaks, which prevented the detection of their
vibrations. The characteristic differences between the spectrum of
Mc-MCC and those of Mc and MCC further indicate that a new
polymer type was formed.

3.7. DSC thermal analysis

The thermal characteristics of a hybrid polymer are based on
the differential separation and identification of various transitions
in relation to its components materials. Fig. 8 shows the thermo-
graphs of the Mc-MCC in relation to Mc and MCC. Two prominent
transition peaks characterize the thermographs of MCC, Mc and

3500 3000 2500

2000 1500 1000

wavenumbers (cm™)

Fig. 7. FTIR spectra for MCC, Mc, and Mc-MCC. (A) MCC; (B) Mc; (C) Mc-MCC.
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Table 2
Thermal properties of MCC, Mc and Mc-MCC.
Parameters MCC Mc MCC-Mc
T (°C) 304 35.6 35.9
AH J/(gK) 4.073 5.291 8.860
T (°C) onset 315.6 210.9
End 346.2 269.6 245.2
T, onset 2744
End 334.9

Ty, glass transition temperature; Ty, melting temperature; T, crystallisation
temperature.

Mc-MCC. The thermographs of MCC are characterized by an initial
endothermic peak at 30.4 °C, this peak corresponds to the glass
transition temperature, while the second transition peak is an
endothermic peak that corresponds to the melting of the crystal-
line domain which occurred at 319 °C. The thermograph of Mc also
has two transition peaks at 35.6 and 248 °C corresponding to the
glass transition and crystalline domain melting transition, respec-
tively. The thermograph of Mc-MCC is characterized by three dis-
tinct peaks: An initial second-order transition endothermic peak
at 50.6 °C, which corresponds to the glass transition, this is fol-
lowed by an apparently weak first-order transition endothermic
peak at 230.1 °C representing a melting transition, and finally a
prominent exothermic transition peak at 245.2 °C corresponding
to cold crystallization.

Evaluation of the thermographs of Mc, MCC and Mc-MCC indi-
cates that a new polymer type resulted from the pH- and temper-
ature-controlled precipitation of the colloidal mixtures of Mc and
MCC. The glass transition temperature of Mc-MCC (Table 2) was
higher than that of any of the component polymers. This is an indi-
cation of the formation of a new polymer type by crosslinking [39].
The presence of a weak melting peak at 230 °C in the Mc-MCC ther-
mogram may represent the melting of residual mucin, which may
indicate the existence of a possible optimum molecular ratio nec-
essary for interaction between Mc and MCC. The thermogram indi-
cates that Mc-MCC is largely in the pseudo-amorphous form,
which on heating reverted to its crystalline form and before finally
decomposing.

4. Conclusion

The results obtained from the various physicochemical and func-
tional characterizations show that a new polymer type was formed

by the temperature- and pH-controlled hybridization of Mc and
MCC. The new polymer showed synergistic physicochemical and
functional properties between Mc and MCC in terms of particle mor-
phology, flow and compaction properties, as well as mucoadhesive-
ness. Its inherent similarity to Mc in terms of mucoadhesiveness
indicates its potential gastric mucus membrane-protecting ability.
Generally, the mucoadhesive and compaction characteristics to-
gether with its moisture sorption and swelling properties make
the Mc-MCC hybrid a potential excipient for the safe delivery of
especially moisture-sensitive active pharmaceutical ingredients
(APIs) with gastric irritation properties.

Acknowledgements

The authors are grateful to the Director General/Chief Executive
of National Institute for Pharmaceutical Research and Develop-
ment Abuja Nigeria, Dr. U.S. Inyang, for sponsoring this research
(NIPRD/RGO7/006).

References

[1] S.K. Nachaegari, A.K. Bansal, Co-processed excipients for solid dosage forms,
Pharm. Tech. Jan. (2004) 52-64.

[2] E. Pringels, E. Ameye, C. Vervaet, P. Foreman, J.P. Remon, Starch/carbopol
spray-dried mixtures as excipients for oral sustained drug delivery, J. Control.
Rel. 103 (2005) 635-641.

[3] SH. Ghrke, Synthesis equilibrium swelling Kkinetics permeability and
applications of environmentally responsive gels, Adv. Polym. Sci. 110 (1993)
81-144.

[4] L.Li,J. Liu, S. Lin, E. Liu, Release of theophylline from polymer blend hydrogels,
Int. J. Pharm. 298 (2005) 117-125.

[5] E. Valles, D. Durando, 1. Katime, E. Mendizabal, J.E. Puig, Equilibrium swelling
and mechanical properties of hydrogel acrylamide and itaconic or its esters,
Polym. Bull. 44 (2000) 109-114.

[6] R.C. Rowe, P.J. Shesky, P.J. Weoller, Hand Book of Pharmaceutical Excipients,
second ed., Pharm. Press, London, UK, 2003. pp. 120-122; 544-545.

[7] X. Wu, S. Huang, J. Zhang, R. Zhuo, Preparation and characterization of novel
physically crosslinked hydrogels composed of poly (ring alcohol) and amine-
terminated polyamidoamine dendrimer macromol, Bio. Sci. 4 (2004) 71-
75.

[8] B. Arkles, Commercial applications of sol-gel-derived hybrid materials, MRS
Bull. (2001) 402-407.

[9] G. Chen, T. Ushida, T. Tateishi, A hybrid network of synthetic polymer mesh
and collagen sponge, Chem. Commun. (2000) 1505-1506.

[10] AP. Cortfield, R. Longman, P. Sylvester, S. Arul, N. Myerscough, M. Pigatelli,
Mucins and mucosal protection in the gastrointestinal tract: new prospects
for mucins in the pathology of gastrointestinal diseases, Gut 47 (2002) 594-
598.

[11] P.F. Builders, 0.0. Kunle, M.U. Adikwu, Preparation and characterization of
mucinated agarose: a mucin-agarose physical crosslink, Int. . Pharm. 356
(2008) 174-180.

[12] Y. Kuo, ]. Hong, Investigation of solubility of MCC in aqueous NaOH, Polym.
Adv. Tech. 16 (2005) 425-428.

[13] K. lida, Y. Hayakawa, H. Okamoto, K. Danjo, H. Leuenbergere, Evaluation of
flow properties of dry powder inhalation of salbutamol sulfate with lactose
carrier, J. Chem. Pharm. Bull. 49 (2001) 1326-1330.

[14] P. Paronen, ]. likka, Porosity-pressure functions, in: G. Alderborn, C. Nystrom
(Eds.), Pharmaceutical Powder Compaction Technology, Marcel Dekker, Inc.,
USA, 1996, pp. 55-75.

[15] J. Well, Pharmaceutical preformulation the physicochemical properties of drug
substances, in: M.E. Aulton (Ed.), The Science of Dosage Form Design, second
ed., Churchill Livingstone, Toronto, 2003, pp. 113-138.

[16] L. Vervoort, G.V. Mooter, P. Augustijns, R. Kinget, Inulin hydrogels I. Dynamic
and equilibrium swelling properties, Int. J. Pharm. 172 (1998) 127-135.

[17] C. Beristain, C.I. Perez-Alonso, C. Lobato-Calleros, M.E. Rodriguez-Huezo, E.J.
Vernon-Carter, Thermodynamic analysis of the sorption isotherms of pure and
blended carbohydrate polymers, J. Food Eng. 77 (2006) 753-760.

[18] Y.C. Lin, X. Chen, Moisture sorption-desorption-resorption characteristics and
its effect on the mechanical behaviour of the epoxy system, Polymer 46 (2005)
11994-12003.

[19] N.G. Karlsson, H. Karlsson, G.C. Hansson, Sulphated mucin oligosaccharides
from porcine small intestine analyzed by four-sector tandem mass
spectrometry, J. Mass Spectrom. 31 (1996) 560-572.

[20] M.U. Adikwu, K.O. Aneke, P.F. Builders, Biophysical properties of mucin and its
use as a mucoadhesive agent in drug delivery: current development and future
concepts, Nig. J. Pharm. Res. 4 (2005) 60-69.

[21] A. Mihranyan, Cellulose structure for pharmaceutical applications. Influence of
cellulose crystalinity index, surface area and pore volume on sorption
phenomena, Digital comprehensive summaries of Uppsala Dissertations
from the faculty of Pharmacy (2005).



P.F. Builders et al./European Journal of Pharmaceutics and Biopharmaceutics 72 (2009) 34-41 41

[22] RW. Korsmeyer, T.L. Rave, N.A. Peppas, R. Gurny, E. Delker, P.A. Buri,
Swelling controlled release systems: progress towards zero order kinetics
with polymer blends, Proc. Int. Symp. Control. Releas. Bioact. Mater. 9
(1982) 65-68.

[23] E.L.V. Harries, Concentration of the extract, in: E.L.V. Harris, S. Angal (Eds.),
Protein Purification Methods a Practical Approach, IRL Press, New York, 1989,
pp. 125-132.

[24] L. Brannon-Peppas, Polymers in controlled drug delivery. Medical Plastic and
Biomaterials Magazine. November 1997. Medical device link, 02 February.
Available from: <http://www.devicelink.com/mpb/archive/97/11/003>. html.
7/2/2008.

[25] S.E. Harding, Mucoadhesive interactions, Biochem. Soc. Trans. 31 (2003) 1036-
1041.

[26] ]. Guo, Bioadhesive polymer buccal patches for ibuprofen controlled delivery:
formulation in vitro adhesion and release properties, Drug Dev. Ind. Pharm. 20
(1994) 2809-2821.

[27] C. Gustafsson, M.C. Bonferoni, C. Carmella, H. Lennholm, C. Nystrom,
Characterization of particle properties and compaction behavior of
hydroxypropyl methylcellulose with different degrees of methoxy/
hydroxypropylsubstitution, Eur. J. Pharm. Sci. 9 (1999) 171-184.

[28] K. Marshall, Compression and consolidation of powdered solids, in: H.A.
Lachman, H.A. Lieberman, J.L. Kanig (Eds.), The Theory and Practice of
Industrial Pharmacy, 3rd ed., Indian Ed. Varghese Publishing House, Bombay,
1987, pp. 66-99.

[29] M.J. Tebyn, P.G. McCarthy, J.N. Staniforth, S. Edge, Physicochemical comparison
between microcrystalline cellulose and silsicified microcrystalline cellulose,
Int. J. Pharm. 169 (1998) 183-194.

[30] S. Airaksinen, Role of excipients in moisture sorption and physical stability of
solid pharmaceutical formulations, Academic dissertation, University of
Helsinky, Finland, 2005.

[31] P. York, Analysis of moisture sorption hysteresis in hard gelatin capsule maize
starch and maize starch: drug powder mixtures, J. Pharm. Pharmacol. 33
(1981) 269-273.

[32] J.C. Callahan, G.W. Cleary, M. Elefant, G. Kaplan, T. Kensler, RA. Nash,
Equilibrium moisture content of pharmaceutical excipients, Drug Dev. Ind.
Pharm. 8 (1982) 355-369.

[33] L. Mackin, R. Zanon, M. Park, H.O. Foster, M. Demonte, Quantification of low levels
(<10%) of amorphous content in micronised active batches using dynamic vapours
sorption and isothermal microcalormertry, Int. J. Pharm. 231 (2002) 227-236.

[34] I. Bravo-Osuna, C. Ferrero, M.R. Jimenez-Castellanos, Water sorption-
desorption behavior of methyl methacrylate-starch copolymers: effect of
hydrophobic graft and drying method, Eur. J. Pharm. Biopharm. 59 (2004)
537-548.

[35] D.J. Burnett, F. Theilmann, T. Sokoloski, J. Brum, Investigation the moisture-
induced crystallization kinetics of spray-dried lactose, Int. J. Pharm. 313 (2006)
23-28.

[36] P.L. Ritger, N.A. Peppas, A simple equation for desorption of solute release II fickian
and anomalous release from swellable devices, J. Controll. Rel. 5 (1987) 37-42.

[37] M. Sjostrom, Wood Chemistry Fundamentals and Application, second ed., New
York Academic Press, New York, 1983. pp 53-60.

[38] J. Clayden, N. Greeves, S. Warren, P. Wothers, Organic Chemistry, Oxford
University Press, Berlin, 2005. pp. 65-72.

[39] Macrogalleria Directory, Copyright, 2005, Polymer science learning centre,
Department of Polymer Science, The University of Southern, Mississippi.


http://www.devicelink.com/mpb/archive/97/11/003

	Preparation and characterization of mucinated cellulose microparticles for therapeutic and drug delivery purposes
	Introduction
	Materials and methods
	Materials
	Preparation of mucin-microcrystalline cellulose hybrid
	Particle properties
	Photomicrograph
	Mucoadhesive properties
	Swelling properties
	Moisture sorption characteristics
	Fourier Transform Infrared (FT-IR) spectroscopy
	Differential Scanning Calorimetry (DSC)

	Results and discussion
	Polymer morphology
	Particle physical properties
	Mucoadhesive properties
	Moisture sorption characteristic
	Swelling characteristics
	Fourier Transform Infrared (FT-IR) spectroscopy
	DSC thermal analysis

	Conclusion
	Acknowledgements
	References


