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ABSTRACT. Chitosan (CS) and hydroxypropylmethyl cellulose (HPMC) blend microspheres were prepared by water-in-oil

emulsion technique and were loaded with an anti-cancer drug 5-fluorouracil (5-FU). CS-HPMC microspheres were character-

ized by Fourier transform infrared spectroscopy to confirm the cross-linking reaction. Scanning electron microscopy (SEM)

was also used to assess the surface morphology of particles prepared. The quantity of release of 5-FU from the microspheres

have been studied in terms of blend composition and amount of cross-linking agent. Differential scanning calorimetry and X-ray dif-

fraction techniques indicated a uniform distribution of 5-FU particles in microspheres, whereas SEM suggested the spherical

structure of the microspheres with slight rough surface. The in vitro drug release indicated that the particle size and release

kinetics depend upon blend composition, amount of cross-linking agent used and amount of 5-FU present in the microspheres.
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INTRODUCTION

Polymeric drug-loaded matrices have several inherent
advantages over the conventional dosage forms in opti-
mizing patient treatment regimes. Controlled release (CR)
systems are capable of delivering drugs at constant rates
over an extended period of time.1 In these systems, the rate
of drug release is controlled by the balance between the
drug diffusion across the concentration gradient and the
polymer relaxation rate as a result of the diffusion-con-
trolled process due to swelling.2,3 Swelling CR systems
can achieve zero-order release2−5 by modifying the struc-
ture-property relationship of the device. For the effective
control of drug release over an extended length of time,
understanding different types of transport processes is
important.2−5

Chitosan (CS), a (1-4)2-amino-2-deoxy-b-D glucan, has
structural characteristics similar to glycosaminoglycans.
This polycationic biopolymer is generally obtained by
alkaline deacetylation of chitin, which is the main compo-
nent of the exoskeleton of crustaceans, such as shrimps.6

Recently, CS has been used in the biomedical field because
of its favorable characteristics such as good biocompati-
bility and has been reported to be useful for pharmaceu-
tical preparations.7,8 Among some interesting applications,

use as a drug carrier in drug delivery systems (DDSs) is
especially noteworthy.9,10 But CS’s main disadvantages for
using in DDSs are that it is insoluble in common organic
solvents except for dilute acetic acid and has low mechani-
cal properties and also a high dependency of its physical
properties on pH. Therefore, in the case of using CS as a drug
carrier, especially for oral administration, it is difficult to
control the drug-release behavior under various identified
pH values of the internal organs of the human body. So,
there is quite a possibility that over releasing of the drug
may bring about ill effects in the human body. Hydroxy-
propyl methyl cellulose (HPMC) is modified cellulose
soluble in water. It is a popular carrier material for swellable
matrix tablets.11 The drug release from HPMC-tablets can
be modified by changing variables such as the viscosity
grade or the particle size of HPMC,12,13 or the HPMC: filler
ratio or HPMC: drug ratio,14−16 or the solubility of the filler17

or by the addition of other hydrophilic polymers.18 Depend-
ing on the solubility of the drug, the drug is primarily released
either by diffusion through a gelled layer or erosion of this
layer.19,20

Encapsulation for drug in to the micro structures is the
standard process in the drug delivery devises. There are
many types of mucoadhesive drug delivery systems such
as gels, patches, films, and tablets for oral, buccal, nasal,
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ocular, and topical routes. Compare to conventional dos-
age forms, mucoadhesive micro structured devices are
advantageous due to their controlled drug release more
patient compliance and minimization of dosage.20−25 Mucoad-
hesive polymers are helpful to develop the micro particles
with both properties such as mucoadhesive nature and
microencapsulation for enhancement of drug adsorption
in the gastrointestinal. Hence, in this report we prepared
the CS and HPMC microspheres by simple water-in-oil
emulation technique with high water swellability and high
mechanical properties. CS-HPMC blend matrix microspheres
are used for controlled release of 5-fluorouracil at 7.4 pH.

MATERIALS AND METHODS

Chitosan (CS) (Degree of deacylation was 86.8%) was
purchased from Aldrich chemicals, USA. Hydroxypropyl-
methyl cellulose (HPMC) sample used in this study was pur-
chased from Himedia chemicals, Mumbai, India. The AnalaR
grade samples of light paraffin oil, glutaraldehyde (25%
aqueous solution) (GA), acetic acid, tween-80, hydrochloric
acid were purchased from s.d. fine chemicals, Mumbai,
India. 5-fluorouracil (5-FU) was received from Himedia
Laboratores, Pvt., Ltd., Mumbai, India. 

Preparation of Blend Microspheres

CS-HPMC blend microspheres were prepared by W/O
emulsion water-in-oil emulsion technique. Briefly, CS was
dissolved 2% acetic acid solution under constant stirring
over night. To this solution, required amounts of HPMC solu-
tion were added and stirred well. A required amount of
5-FU was added and stirred to obtain a homogeneous solu-
tion. The drug-loaded polymer blend mixture was emulsified
by liquid paraffin oil (100 mL) with 1% (w/v) tween-80
taken in a 500 mL beaker and stirred at 400 rpm (REMI
Motors, Vasai, India). To this mixture, different amounts
of GA and 1 mL of 0.1 M HCl were added. Microspheres
formed were collected, washed with hexane and water

alternately, dried at room temperature for 24 h and stored
in a desiccator until for further experimentation. Totally,
eight formulations were prepared and the assigned formulation
codes are given in Table 1.

Estimation of Drug Loading and Encapsulation Effi-

ciency

The 5-FU loaded microspheres (10 mg) were pulver-
ized and incubated in 10 ml 0.02 M phosphate buffer (pH =
7.4) at room temperature for 24 h. The suspension was
then centrifuged at 6000 rpm for 30 min. The supernatant
was assayed spectrophotometrically for 5-FU content at
the wavelength of 270 nm. The results of % drug loading
and encapsulation efficiency were calculated as follow-
ing equations

% Drug loading =

× 100

% Encapsulat efficiency =

× 100

In Vitro Release Studies

In vitro release studies have been carried out by per-
forming the dissolution experiments using a tablet disso-
lution tester (Model DS-8000, LabIndia, Mumbai, India)
equipped with eight baskets. Dissolution rates were mea-
sured at 37 oC under 100 rpm speed. Drug release from the
microspheres was studied in an intestinal (7.4 pH phos-
phate buffer) fluid like atmosphere. At regular intervals of
time, sample aliquots were withdrawn and analyzed by UV
spectrophotometer (Model LabIndia-3000+, Mumbai, India)
at the fixed λmax value of 270 nm.

Characterization

FTIR spectral measurements performed (Nicolet, Model

⎝
⎛  

Amount of drug in microspheres
Amount of microspheres ⎠

⎞

⎝
⎛  

Actual loading
Theoretical loading ⎠

⎞

Tables 1. Results % of encapsulation efficiency different formulations and the release kinetics parameters of k, n and r for different For-
mulation codes

Formulation codes CS:HC % of 5-FU GA (mL) % E.E ± S.D. k n r

CS-HC-1 1:1 5 5 45.6 ± 0.6 0.886 0.204 0.966

CS-HC-2 1:1 10 5 47.2 ± 0.2 0.852 1.004 0.955

CS-HC-3 1:1 15 5 50.7 ± 0.4 0.810 0.981 0.991

CS-HC-4 1:1 10 2.5 57.8 ± 1.2 0.852 1.068 0.974

CS-HC-5 1:1 10 7.5 41.6 ± 0.6 0.818 1.021 0.990

CS-HC-6 3:1 10 5 46.4 ± 0.4 0.715 0.771 0.962

CS-HC-7 1:3 10 5 56.9 ± 1.4 0.705 0.774 0.987

S.D: standard deviation calculated 95% accurately. E.E: Encapsulation Efficiency
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Impact 410, USA) to confirm the cross-linking reaction
between CS and HPMC microspheres. Polymeric micro-
spheres finely ground with KBr to prepare pellets under a
hydraulic pressure of 600 kg/cm2 and spectra scanned
between 4,000 and 450 cm−1. SEM images of the micro-
spheres were recorded using a Hitachi S520 scanning
electron microscope (Japan) at the required magnifica-
tion. Working distance range of 8.5−9.5 mm was main-
tained and the acceleration voltage used was 20 kV with
the secondary electron image (SEI) as a detector. Differ-
ential scanning calorimetric (DSC) curves were recorded
(TA instruments Model: STA, Q600 USA) to confirm the
uniform distribution of the drug. The samples were weighed
between 10 and 12 mg and were heated from 0 to 400 oC at a
heating rate of 10 oC/min in nitrogen atmosphere (flow
rate of 100 mL/min). X-RD study helps to find the crys-
tallinity of drug in the microspheres. X-RD patterns of the
pure 5-FU (a), plain CS-HPMC microspheres (b) and drug-
loaded microspheres (c) were recorded using a Rigaku Gei-
ger flex diffractometer equipped with Ni-filtered CuK
radiation (λ=1.5418 Å) and shown in the Fig. 4. Dried
microspheres of uniform size were mounted on a sample
holder and X-RD patterns were recorded in the range 2−
80o at the speed of 5o/min.

RESULTS AND DISCUSSION

In the ever growing category of biodegradable polymers
developed for biomedical applications. Several reports on
chitosan drug delivery formulations with cellulose deriv-
atives are reported in the literature. Sudha et al. developed
an interpenetrating polymer network blend microspheres
composed with hydroxyethyl cellulose for controlled release
of isoniazid.26 Ahmed et al. also designed semi IPN based
on hydroxyethyl cellulose grafted with poly acrylamide
with chitosan microspheres for drug delivery applica-
tion.27 Chitosan and methyl cellulose based microsphere
formulations also developed by Ajit et al.28 However, the
blend of chitosan and hydroxypropyl cellulose are advan-
tageous because HPMC is the most important hydrophilic
carrier material used for the preparation of oral controlled
drug delivery system compared to other celluloses like
hydroxyethyl cellulose and methyl cellulose. The most
important characteristics of HPMC are high swellability,
which has a significant effect on the release kinetics of an
incorporated drug. Upon contact with water or biological
fluid the latter diffuses into the device, resulting in polymer
chain relaxation with volume expansion.29,30 Then, the
incorporated drug diffuses out of the system. The objec-

tive of our study was to prepare 5-FU loaded microspheres
for enhancement of bioavailability and to deliver effec-
tive concentration of drug at the site of action. Most of the
oral drugs presently available in use fail to achieve required
effective concentration in the interstainal tract. In this study
chitosan, hydroxypropyl methylcelluloses are used to pre-
pare microspheres. Microspheres using combination of these
polymers were also tried and evaluated. These polymers
used are regarded as safe by FDA and posses good mechan-
ical properties which might help the oral delivery of micro-
spheres to get for longer period and release the drug in
sustained manner.

Characterization of Microspheres

The FTIR Spectrum of pure CS (A) plain CS/HPMC
microspheres (B) and drug loaded CS/HPMC Polymer (C)
are indicated in Fig. 1. In case of CS, a broad band at 3435 cm−1

is attributed to −OH stretching vibrations. Band at 2982 cm−1

N−H stretching vibrations and the peak at 2960 cm−1 rep-
resent aliphatic C−H stretching vibration. Three bands
observed at 1649, 1594 and 1379 cm−1 indicate amide-I,
amide-II and amide-III, respectively. In case of placebo
microspheres, all the bands of both CS and HPMC were
observed in addition to a new band observed at 1031 cm−1,
which confirmed the C−N stretching vibration of the acetyl
group, which is formed due to the reaction of GA with
hydroxyl groups of HPMC. Thus, FTIR confirms the crosslink-
ing reaction of GA with CS and HPMC. The crosslinking
reaction between CS and HPMC showed in Scheme 1. In
case of drug loaded microspheres all the bands that were

Figure 1. FTIR curves of pure chitosan (A), plain CS-HPMC
blend microspheres (B), drug loaded CS-HPMC microspheres.
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observed in plain microspheres indicating the chemical
stability of microspheres after encapsulation of drug into
the polymer matrices.

Fig. 2 shows SEM micrographs of 5-FU loaded HPMC/
Chitosan microspheres. In all cases, the particles were almost
spherical in nature and aggregated with rough surfaces, as
is evidenced by SEM photographs shown in Fig. 2. Visibly
porous structures with the presence of no drug crystals
were present on the surfaces of the microspheres.

DSC scans of pure drug (curve-a), plain microspheres
(curve-b) and drug loaded microspheres (curve-c) in Fig. 3
showed a systemic trend in their glass transition temper-
atures. 5-FU shows a sharp endothermic peak was observed
at 285.16 oC due to polymorphism and melting, but in case of
5-FU loaded microspheres, no characteristic peak was observed
at 285.16 oC, suggesting that 5-FU is molecularly dis-
persed in the blend microspheres. The most intensive peak
of 5-FU is observed at 2θ of 38o suggesting its crystalline
nature. But, this peak does not exist in drug loaded semi-

IPNs plain CS-HPMC micrograms and in the, indicating
that the drug is masked at uniform molecular level dis-
tribution in the polymer matrix. These X-RD curves are
displayed in Fig. 4.

Encapsulation Efficiency

Results of % encapsulation efficiency (%EE) presented
at Table 1. Three different concentrations of 5-FU i.e., 5,

Scheme 1. Schematic crosslinking chemistry of GA crosslinked
CS-HPMC blend.

Figure 2. Scanning electron micrographs (A) and (B) both are CS-HPMC blended microspheres.

Figure 3. DSC thermograms of pure drug (a), placebo micro-
spheres (b), and 5-FU loaded microspheres.
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10 and 15 wt% were loaded in the polymeric micro-
spheres during the crosslinking of microspheres. It shows
increasing trends with increasing drug loading in the
microspheres. For all formulations %EE noted from 42.2
to 59.0%. Such smaller values obtained are due to a
hydrophilicity of drug, thus incorporating a lesser amount
of 5-FU into microspheres. %EE increased with increasing
amount of HPMC in the polymeric microspheres shown
in Table 1. For microspheres containing CS/HPMC ratios
are 3:1, 1:1 and 1:3 and 10 wt% 5-FU with 5 mL of GA,
encapsulation efficiencies were 46.8, 47.4 and 58.3%,
respectively. For the ratios of 1:1 of chitosan and HPMC
in the matrix, the results on extent of crosslinking on the
size have increased, and then the %EE decreased. For micro-
spheres crosslinked with 2.5, 5 and 7.5 mL of GA, encap-
sulation efficiencies is, respectively 59.0, 47.4 and 42.2%.
Such a decreasing trend is due to an increase in crosslink
density, because the microspheres will become rigid, thereby
reducing the free volume spaces within the polymer matrix
and hence, a reduction in encapsulation efficiency is observed.

Release Kinetics Parameters of Different Formulations

Drug release kinetics was analyzed by plotting cumu-
lative release data versus time and by fitting these data to
the exponential equation of the type.31

Mt/Mα = ktn

Here, Mt/Mα represents the fractional drug release at time
t, k is a constant characteristic of the drug-polymer sys-
tem, and n is an empirical parameter characterizing the

release mechanism. Using the least squares procedure, we
have estimated the values of n and k for all the seven
formulations, and these values are given in Table 1. If
n = 0.5, the drug diffuses and releases from the polymer
matrix following a Fickian diffusion. If n > 0.5, an anom-
alous or non-Fickian type drug diffusion occurs. If n = 1, a
completely non-Fickian or case II release kinetics opera-
tive. The intermediary values ranging between 0.1 and 0.5
are attributed to the Fickian diffusion type transport.

The values of k and n have shown a dependence on the
extent of cross-linking, % drug loading, and HPMC con-
tent of the matrix. Values of n for microspheres prepared
by varying the amount of HPMC in the microspheres of
ratios of 3, 1 and 1/3 by keeping 5-FU (10%) and GA (5
ml) constant, ranged from 46.4 to 58.3%, leading to the
drug diffuse and release from the polymer matrix follow-
ing almost non-Fickian (or) case-II type diffusion. 

Effect of Cross-Linking Agent

The % cumulative release data vs time plots for varying
amounts of GA i.e., 2.5, 5.0 and 7.5 mL at the fixed amount of
the drug (5%) are displayed in Fig. 5. The % cumulative
release is quite fast and large at the lower amount of GA
(i.e., 2.5 mL), whereas the release is quite slower at higher
amount of GA (i.e., 7.5 mL). The cumulative release is
somewhat smaller when lower amount of GA was used.
At higher concentration of GA, polymeric chains become
rigid due to the contraction of micro voids, thus decreas-
ing % cumulative release of 5-FU through the polymeric
matrices. As expected, the release becomes slower at higher
amount of GA, but becomes faster at lower amount of GA.

Figure 4. X-RD spectra of (A) pure drug, (B) pristine CS-HPMC
microspheres and (C) drug loaded CS-HPMC microspheres.

Figure 5. % of cumulative release of 5-FU at different amounts
of drug content: (▲) 5% 5-FU; (■ ) 10% 5-FU; (●) 15% 5-FU.
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Effect of Drug Loading Content

Fig. 6. shows the release profiles of 5-FU-loaded chi-
tosan-HPMC microspheres at different amount of drug
loadings. Release data showed that formulations contain-
ing the highest amount of drug (15%) displayed fast and
higher release rates than those formulations containing a
small amount of 5-FU. A prolonged release was observed
for the formulation containing lower amount of 5-FU. In
other words, with a decreasing amount of drug in the matrix,
it is noticed that the release rate becomes quite slower at
the lower amount of drug in the matrix, and this is due to
the availability of more free void spaces through which
lesser number of drug molecules will transport. For all
formulations the 5-FU release was observed upto 600 min
in a controlled manner.

Effect of HPMC Content

Effect of HPMC content on encapsulation efficiency and
in vitro release of 5-FU was investigated. In vitro release
profiles of 5-FU from formulations prepared by taking
different amounts of HPMC and 20% of 5-FU are shown
in Fig. 7. Faster release rates were observed from formula-
tions prepared with higher amount of HPMC (i.e., 80%)
observed than those formulations prepared using a lower
amount of HPMC i.e., 40%. About 98% of the drug was
released within the first 6 h from formulations prepared
with higher amount of HPMC; where as only 77% of
5-FU was released within 5 h from formulations prepared
with a lower amount of HPMC. Faster drug release observed
from formulations prepared with higher particles.

CONCLUSIONS

Crosslinked chitosan (CS)-hydroxy propylmethylcellu-
lose (HPMC) blend microspheres were prepared by water-
in-oil emulsion technique. 5-Fluorouracil was successfully
loaded into these microspheres and encapsulation effi-
ciency was found to be 42.2 to 59.0%, depending upon the
blend composition, crosslinking agent used and the amount
of drug loading. The FTIR analyses were carried out to
confirm the crosslinking of CS-HPMC blend microspheres.
Scanning electron micrographs of the microspheres showed
the formation of non-uniform spherical microspheres. X-RD
and DSC studies on the microspheres indicated a molecular
level dispersion of the drug in the semi-IPN matrix. The in
vitro dissolution studies performed in pH 7.4 buffer medium
have shown that release of 5-fluorouracil is dependent upon
the amount of drug loaded, polymer composition and
crosslinking. 5-fluorouracil is released in a sustained and
controlled release manner from the blend microspheres up to
10 h.
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