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Abstract
Objective: The aim of this study was to prepare pH-sensitive ofloxacin (OFL)/montmorillonite (MMT)/chito-
san (CTS) nanocomposite microspheres that improve the burst release effect of the drug by the solution
intercalation technique and emulsification cross-linking techniques. Methods: First, OFL/MMT hybrids
were prepared through the solution intercalation technique. Then, OFL/MMT-intercalated OFL/MMT/CTS
nanocomposite microspheres were obtained through emulsification cross-linking technology. The inter-
calated nanocomposite was confirmed by Fourier-transform infrared spectroscopy and X-ray diffraction.
Finally, in vitro release of OFL from the microspheres was performed in simulated gastric fluids and simu-
lated intestinal fluids. The effect of MMT content on drug encapsulation efficiency and the drug release of
the nanocomposite microspheres were investigated. Results: The results showed that the release rate of
OFL from the nanocomposite microspheres at pH 7.4 was higher than that at pH 1.2. Compared with pure
CTS microspheres, the incorporation of certain amount of MMT in the nanocomposite microspheres can
enhance the drug encapsulation efficiency and reduce the burst release. Conclusion: A sustained release
particulate system can be obtained by incorporating MMT into the nanocomposite microspheres and can
improve the burst release effect of the drug.
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Introduction

Chitosan (CTS) is derived from the alkaline deacetyla-
tion of chitin, which is one of the most abundant
polysaccharides in nature. Because of its favorable
properties such as enzymatic biodegradability, non-
toxicity, and biocompatibility1, CTS has received con-
siderable attention as a novel drug delivery carrier and
has been included in the European Pharmacopoeia
since 2002. CTS and its derivatives have been pro-
posed as matrices in numerous pharmaceutical for-
mulations, in the form of troche2, films3, emulsions4,
transmucosal devices5, microspheres6, and so on, for
the prolonged release of drugs, delivery of vaccines7,
DNA, insulin8, and anticancer agents such as 5-
fluorouracil9.

Microsphere is one of the most promising forms as
drug delivery system because it can be easily injected or
administrated orally into body easily, oriented to the
target organ, prolong the half-life, and improve the bio-
availability of the encapsulated drug10. CTS micro-
spheres loaded with water-soluble drug when brought
in contact with acidic media tend to release the active
agent quite fast and thereby resulting in a burst effect.
Initial burst effect is a common phenomenon with CTS-
based delivery systems when loaded with water-soluble
drug, and hence, their utility for the controlled delivery
of drugs in gastrointestinal tract is questionable. To
overcome such initial burst problems, considerable
attempts have been made to improve the preparation
method of CTS microspheres by coating or grafting
with other polymers11,12. However, the polymer/clay
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nanocomposite microspheres are rarely used as drug
carriers, although they show extraordinary and versatile
properties because of the nanometric scale on which
the nanoclay particles, with their plate-like shape,
would alter the physical and chemical properties of the
polymeric materials and improve their mechanical
properties and thermal stability13.

In recent years, based on their high retention capaci-
ties as well as swelling and colloidal properties, clays
have been proposed as effective materials for modulat-
ing drug delivery14. Montmorillonite (MMT) is a bioinert
clay mineral with fine grain and large interlayer-planar
spacing in the (001) plane. It has a superior capability to
intercalate large molecules into this space. MMT exhib-
its good adsorbability, cation-exchange capacity, stand-
out adhesive ability, and drug-carrying capability15.
Because of these advantages in biomedical applica-
tions, it has taken the credit to be called medical clay. A
lot of documents reported that the incorporation of
organic drug ions in the interlayer space by ion-
exchange mechanism16–18, the so-called intercalation
phenomena, was used for the synthesis of drugs/inor-
ganic hybrid materials as molecular capsules. The idea
is to store the drug in the interlayer region of the lamel-
lar host and allow the drug release as a consequence of
diffusion and/or deintercalation process. However, the
amount of intercalated drug is low and the release rate
of drug is too quick, because drug is intercalated by ion-
exchange process19.

From these points of view, a combination of MMT
with CTS microspheres as a drug carrier is quite attrac-
tive and, to the best of our knowledge, there is still no
related report. In this study, ofloxacin (OFL, Figure 1),
the fluoroquinolone antibiotic, commonly used for the
treatment of prophylaxis of a variety of bacterial dis-
eases, was tested as a model cationic drug in the in vitro
experiments. First, OFL/MMT hybrids are prepared
through the solution intercalation technique; the struc-
ture was evaluated by Fourier-transform infrared
(FTIR) and X-ray diffraction (XRD). Then, without filter-
ing out the free drug, OFL/MMT-intercalated OFL/

MMT/CTS nanocomposite microspheres were
obtained through emulsification cross-linking technol-
ogy. Finally, in vitro release of OFL from the micro-
spheres was performed in simulated gastric fluids (SGF,
pH 1.2) and simulated intestinal fluid (SIF) [phosphate
buffer solutions (PBS), pH 7.4), and the release profiles
were also analyzed by using zero-order, first-order, and
Higuchi equation to characterize the drug release
mechanism.

Materials and methods

Materials

CTS (degree of deacetylation, 85%; weight average
molecular weight, 9 × 105) from shrimp shell was pur-
chased from Yuhuan Ocean Biochemical Co., Taizhou,
China. OFL was obtained from Kunshan Double-crane
Pharmaceutical Co. Ltd., Suzhou, China. MMT (99%)
was purchased by Zhejiang Sanding Technology Co.
Ltd., Shaoxing, China, and was passed through a 320-
mesh screen. Glutaraldehyde (GA) 50% (w/w) solution
in water, liquid paraffin, and Tween-80 were purchased
from Sinopharm Chemical Reagent Co. Ltd., Shanghai,
China. SGF (pH 1.2) containing 21.25 mL HCl, 11.18 g
KCl in 3000 mL distilled water, and SIF (PBS, pH 7.4),
containing 20.4 g K2HPO4 and 4.8 g NaOH in 3000 mL
distilled water were prepared as described in US Phar-
macopoeia 30. All other chemicals were of analytical
grade and used as received.

Preparation of OFL/MMT hybrids with different 
soaking time

OFL (0.05 g) and MMT powder (0.10 g) were mixed with
10 mL of 2% (v/v) acetic acid aqueous solution (pH 3.2)
in a 50-mL centrifuge tube concomitant with magnetic
stirring at room temperature for 0.5, 1, 2, 4, 8, and 24 h,
respectively. Then the mixture was centrifuged at 3395 × g
for 30 minutes. The supernatant was filtrated through a
0.45-μm membrane filter to remove the floating small
MMT particles. The clear supernatant solution was ana-
lyzed by HPLC. The mixture after filtration was freeze-
dried (−50°C, 24 hours; Alpha 1–2 LD plus, Ger) and
ground with mortar and pestle to obtain fine powder for
further characterization of FTIR and XRD. The experi-
ment determined how long MMT should be soaked in
OFL solution to reach a maximum intercalation.

HPLC (Waters™ 600 Pump, 2998 Photodiode Array
Detector) was used to determine the content of OFL
using the C18 column. The mixture of acetonitrile and
the buffer solutions (25:75, v/v) was used as the mobile
phase and OFL was detected at the wavelength of 294
nm. The buffer solution containing 4.0 g ammoniumFigure 1. Chemical structure of OFL.
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acetate and 7.0 g sodium perchlorate in 1300 mL water
adjusted with phosphoric acid to a pH 2.2 was prepared
according to USP 30. Drug content was determined
based on the standard curve of OFL, which was
achieved from OFL solutions in PBS of pH 7.4 with con-
centration between 0.002 and 0.01 g/L.

Preparation of OFL/MMT/CTS nanocomposite 
microspheres

Microspheres were prepared by emulsification chemi-
cal cross-linking technique, modified from previous
methods20. Suitable amount of MMT (0.05, 0.10, and
0.15 g) was dispersed in 10 mL of a 2% (w/w) acetic acid
solution, then 0.05 g OFL was added into the suspen-
sion, and the mixture was stirred at room temperature
for 1 hour (1 hour was enough for the adsorption equi-
librium of OFL). CTS (0.2 g) was dissolved directly into
the OFL/MMT mixture solution to a final concentration
of 2% (w/v) and stirred for 0.5 hour to homogeneity. The
mixture was then emulsified into liquid paraffin (20 mL)
containing 1% (w/v) Span 80 under mechanical stirring
(500 rpm) at room temperature. The system was main-
tained under agitation for 15 minutes to allow complete
emulsification. Thereafter, the formation of the OFL/
MMT/CTS microspheres in the oily suspension
medium was achieved by the addition of GA solution in
water (1.24 g, 5% w/w). Finally after a prefixed cross-
linking time of 2.5 hours at 60°C, the yellow power was
isolated by centrifugation and washed by heptane two
times and three times with petroleum ether and then
dried in an oven at 70°C.

Similar procedures were used to prepare pure CTS
microspheres without addition of MMT (MS0). Two pla-
cebo microspheres with different content of MMT without
adding the OFL were also prepared (MS0C and MS2C).
The nanocomposite microspheres with various amounts
of MMT were termed as MS1–MS3. The code and feed
composition of all prepared samples are shown in Table 1.

Determination of EE

The drug encapsulation efficiency (EE) was measured
after the extraction from the prepared microspheres. Fifty
milligrams of drug-loaded samples was dissolved in

100 mL PBS (pH 7.4) and sonicated for 10 minutes to
ensure the complete extraction of OFL from the micro-
spheres. The mixture was stirred magnetically at 1000 rpm
for 4 hours and then made up to 250 mL volume with PBS,
pH 7.4. After centrifuging at 3395 × g for 30 minutes, these
solutions were diluted and subjected to analysis by HPLC.
The drug EE and OFL content are expressed as follows:

In vitro drug release experiment

The in vitro drug release tests were carried out using the
USP 30 No. 2 dissolution test apparatus (ZRS-8G, Tianjin
University Wireless factory, China) fixed with six rotat-
ing paddles. Dialysis bags (dialysis tubing, MWCO of
14,000 Da) containing the suspension of microspheres
(50 mg) in 5 mL of SGF (pH 1.2) or in PBS (pH 7.4) were
placed in 500 mL of the same release medium at 37°C
and stirred at 50 rpm. Aliquots of the solutions were col-
lected at the scheduled intervals and filtered with
0.45-μm-pore nylon filters. After each sample collec-
tion, the equal amount of fresh release medium at the
same temperature was added back. The amount of drug
released was monitored by a UV–VIS spectrophotome-
ter (SPECORD 200, Analytik Jera AG) at 294 nm. The UV
standard absorbance curve for OFL was established in
each release medium. In the concentration range
(2.5–12.5 × 10−5 mol/L) investigated, the UV absor-
bance obeyed the Beer’s law.

Characterization

FTIR spectra were recorded on a FTIR spectrophotom-
eter (Thermo Nicolet, NEXUS, TM, USA) in the range
of 4000–400 cm−1 using KBr pellets. Surface morphol-
ogy was visualized by scanning electron microscopy
(JSM-5600LV, JEOL, Tokyo, Japan) after coating the
sample with gold film using an accelerating voltage of
20 kV and by field emission scanning electron micros-
copy (JSM-6701F). Powder XRD analyses were per-
formed using a diffractometer with Cu anode (PAN
alytical X’pert PRO), running at 40 kV and 30 mA,
scanning from 3° to 40° at 3°C/min.

Table 1. Feed composition, EE, and drug content of the prepared
samples.

Code CTS OFL MMT EE (%) OFL content (%)

MS0 0.2 0.05 0 32.71 ± 0.64 6.96 ± 0.34

MS1 0.2 0.05 0.05 63.49 ± 0.54 10.56 ± 0.81

MS2 0.2 0.05 0.10 61.71 ± 0.87 9.56 ± 0.72

MS3 0.2 0.05 0.15 56.46 ± 0.58 6.98 ± 0.44

MS0C 0.2 0 0 — —

MS2C 0.2 0 0.1 — —

Encapsulation efficiency (%)

=
practical drug loading

theoretiical drug loading
× 100

(1)

OFL content (%)

=
practical drug loading

weight of microspherees
× 100. (2)
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Statistical analysis

All the tests including the measurement of drug content
determination and in vitro drug cumulative release
studies were carried out in triplicate and the average
values were reported. Statistical data analysis was per-
formed using the Student’s t-test with P < 0.05 as the
minimal level of significance.

Results and discussion

Preparation of OFL/MMT hybrids and OFL/MMT/CTS 
nanocomposite microspheres

To prepare the OFL/MMT-intercalated OFL/MMT/CTS
nanocomposite microspheres, we first prepared the
OFL/MMT hybrids. Different technological procedures
have been reported for obtaining drug–clay interaction
products. Commonly, clay particles are dispersed in the
aqueous solution of drug, the dispersions are allowed to
equilibrate for a suitable time, and finally solid phases
are recovered and dried. The pH value, temperature,
and soaking time have great effect on the intercalation
capacity21. CTS is insoluble at neutral and alkaline
solution22, so the intercalation process in our study was
in 2% (v/v) acetic acid solution. The effect of soaking
time on the intercalation process of OFL into MMT was
studied at room temperature for finding the optimum
time of reaching a maximum intercalation. It can be
seen from Figure 2 that intercalation of OFL in MMT
reached a constant value of about 25% after soaking for
0.5 hour. This fast process was just the same as the
report about the intercalation of 5-FU into the MMT21.
They considered the major mechanisms of intercalation
into the adsorption of 5-FU on the free surface of MMT
and the replacement of Na+. The adsorption may occur
on the external surfaces and the interlayer spaces of MMT.
In the weakly acidic aqueous medium, OFL molecules

will be positively charged because of the existence of
tertiary amino groups in their molecular structure
(Figure 1). As a result, the complementary noncovalent
forces formed between the positively charged OFL and
the negatively charged surface of MMT platelets. When
the concentration gradient of OFL was equal inside and
outside of MMT, the diffusion would stop after soaking
for a period of time.

To reduce the soaking time and avoid the incomplete
intercalation, we selected 1 hour as the optimum soak-
ing time in the subsequent experiments of microsphere
preparation.

FTIR spectra

The FTIR spectra of OFL, MMT, and OFL/MMT hybrid
are shown in Figure 3. The absorption band at 3623 cm−1

is ascribed to the stretching vibration of the interlayer
–OH group in MMT and the absorption band at 1714 cm−1

belongs to the characteristic absorption of the C=O of
OFL, but in the spectrum of the OFL/MMT hybrid, both
of them weakened. Besides, the characteristic absorp-
tion bands of OFL shifted from 1524 and 1468 cm−1 to
1533 and 1474 cm−1, respectively, as a result of intermo-
lecular interaction between OFL and MMT. The result
indicates that electrostatic interaction between posi-
tively charged OFL and negatively charged MMT has
taken place.

FTIR spectral data were also used to confirm the
chemical stability of OFL and intercalation of MMT in
nanocomposite microsphere, as shown in Figure 4. In
case of pure CTS, the characteristic absorption bands at
1651 and 1602 cm−1 are assigned to the amide I and –NH2
of CTS, respectively. However, after cross-linking CTS
with GA, –NH2 vibration has shifted to 1567 cm−1

because of the formation of imine group (MS0C)23. When
drug is incorporated into the cross-linked microspheres

Figure 2. Intercalation of OFL at different soaking times.
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Figure 3. FTIR spectra of OFL, MMT, and OFL/MMT hybrid.
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(MS0), along with all characteristic absorption bands of
MS0C, additional bands at 1714 and 1622 cm−1

appeared because of the presence of OFL in the matrix.
All these characteristic bands were also clearly
observed in the spectrum of MMT-containing nano-
composite microspheres (MS2), indicating that OFL
molecules were well entrapped in the microspheres
without any chemical deterioration of functional groups
(this result also supported by HPLC determination of
EE, picture not shown). The absorption band at 3623 cm−1

of MMT disappears in the spectrum of the nanocom-
posite microspheres (MS2), suggesting that the interca-
lation of OFL molecules into MMT is similar to that of
OFL/MMT. FTIR analysis indicates that CTS has been
cross-linked with GA and OFL has been encapsulated in
the nanocomposite microspheres or stabilized in the
interlayers of MMT.

XRD

XRD was a useful tool to test the penetration and possi-
ble orientation of cationic drugs in the interlayer space
of MMT, by revealing changes in the basal spacing of
clay minerals. Figure 5 illustrates the XRD patterns of
MMT, OFL, OFL/MMT hybrid, MS1, MS2, and MS2C.
OFL has shown characteristic intense peaks of 6° and
10.9° because of the presence of OFL crystals. However,
these peaks were not observed in OFL/MMT hybrid and
OFL/MMT/CTS nanocomposite microspheres (CMS1–2).
This indicates that drug was dispersed at the molecular
level in the polymer matrix and in the interlayer of MMT
as previously reported with other various organic-nanoclay
hybrid systems3,18, and hence, no crystals were found in
the drug-loaded matrices. The XRD pattern of MMT
shows a reflection peak at about 6.68°, corresponding to
a basal spacing (d) of 1.32 nm. XRD peaks of all the sili-

cates shift to lower angle after forming nanocomposite
with OFL (OFL/MMT, MS1, and MS2); the 001 peak of
MMT moves from 6.68° to 4.29° (d = 2.07 nm). The 0.74 nm
increase of the interlayer distance indicated that OFL mol-
ecules were intercalated into the interlayers of MMT and
then an intercalated nanostructure was formed. All
characteristic crystalline peaks (18° < 2θ <40°) of MMT
were seen in the XRD patterns for the hybrid and MMT-
containing nanocomposite microspheres prepared in
this study.

Hydrophilic OFL contains quaternized amino cat-
ions; its chains are more flexible because of the weak
intermolecular and intramolecular hydrogen bonds in
the aqueous solution, and thereby it can easily
exchange with the Na+ ions of the interlayer and then
intercalate into the MMT interlayer, in contrast to anal-
ogous polysaccharides (CTS) with coiled or helicoidal
structures that are only adsorbed in the external surface
of clays or lead to a very small intercalation of MMT
(from 6.68° to 6.00° in MS2C). This result was in agree-
ment with a previous study that CTS molecules did not
enter sufficiently into the layers of clay structures24.
These clearly show that in our study the intercalation
process was because of the presence of OFL moleculars,
but not the CTS macromoleculars.

SEM

It can be seen from Figure 6 that most of the OFL-
loaded CTS microspheres were spherical in shape with
a smooth surface. MS0 disperse uniformly and the sizes
are around 1–15 μm, whereas the surfaces of MMT-
containing nanocomposite microspheres (MS1–2) were
correspondingly coarse than MS0. This fact reveals that
the addition of MMT has an impact on the formation of

Figure 4. FTIR spectra of CTS, MS0C, MS0, and MS2.
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nanocomposite microspheres. This change of surface
morphology by introducing MMT may influence the
swelling ability of corresponding nanocomposite
microspheres, and then may have some influences on
the release of OFL from the nanocomposite micro-
spheres.

Encapsulation efficiency

Table 1 shows the influence of MMT content on EE of
OFL in samples prepared under different conditions. As
evident from Table 1, the EE of the microspheres is
dependent on the MMT content, which increased with
the addition of MMT. This significant difference can be
best explained as follows. MMT with large specific area
possesses good adsorption capacity, and so it can
adsorb OFL well. In the case of certain MMT content,
the interaction between OFL and MMT has taken place,
which forms more networks to load the drug. However,
when the MMT content is too high, the collapse of the
polymeric network structure may be induced so that the
nanocomposite microspheres cannot load enough OFL.
Therefore, MS1 shows the highest drug-loading capac-
ity, followed by MS2, MS3, and MS0.

In vitro release studies

The different types of the nanocomposite microspheres
in terms of composition were compared with respect to
the release of OFL. The cumulative percentage of OFL
released from the microsphere formulations was plotted
as a function of time (Figures 7 and 8). The incorporation
of MMT into the nanocomposite microspheres brought
about a marked reduction in the extent of drug released
from the matrix after 4 hours of dissolution (P < 0.05).

The percent of drug released at pH 1.2 was faster than
that at pH 7.4 for MS0, which was because of the higher
solubility of OFL in acidic medium25. However, for
MMT-containing nanocomposite microspheres, the
percent of drug released at pH 1.2 was slower in com-
parison to that at pH 7.4 exhibiting pH sensitivity of the
nanocomposite microspheres. At the end of 4 hours,
50% of drug load was depleted from MS3 in SGF, in
comparison to 71% in PBS (pH 7.4).

The release of OFL from the MMT-containing micro-
spheres at pH 1.2 follows a biphasic pattern, character-
ized by an initial rapid release period (burst release),
followed by a period of slower release. The first rapid
release stage was derived from the release of OFL cat-
ions from the polymeric matrix of CTS and those
adsorbed in the external part of the layer structure of
MMT, whereas the second slower release was due to the

Figure 6. SEM (a–c) and FE-SEM images of the OFL-loaded microspheres of MS0 (a, d), MS1 (b, e), and MS2 (c, f).

Figure 7. Effect of MMT content on the release profile of the pre-
pared samples at pH 7.4.
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exchange of drug ions which are in the internal part of
the layers and have to diffuse through the polymeric
matrix. This fact was more significant in the release pro-
file of MS3 at pH 1.2, where the release percentage stayed
below 60%. This fact may be explained by the existence of
electrostatic interactions between the protonated amino
groups of OFL cations and the anionic groups from the
layers of MMT. Based on the above analyses, the addition
of a certain amount of MMT not only improved the drug
EE of the nanocomposite microspheres but also provided
a slower and continuous drug release.

From these results of characterization, EE and in vitro
release studies, a possible scheme for the nanocomposite
microsphere is shown in Figure 9. Unlike the ordinary
CTS microsphere without addition of MMT (MS0), part of
OFL molecules stored in the interlayer of MMT, which
lead to a higher EE and a slower drug release behavior.

Release kinetics

In vitro release data were fitted to various equations to
analyze the kinetics and mechanism of drug release
from the nanocomposite microspheres. For elucidating
kinetics of drug release, the data were analyzed using
zero-order equation Equation (3), first-order equation
Equation (4)26,27, and Higuchi’s square root model
Equation (5)28. Where Q is the fraction of drug released
in time ‘t’, K is the release constant of respective equa-
tions, and t is the release time of the first 4 hours.

The correlation coefficient (R2) for Equation (4) was
between 0.9888 and 0.9974 for the microspheres
released at pH 7.4 (Table 2). This was higher than other
kinetic equations, indicating that drug release followed
first-order kinetics. The profile released at pH 1.2
showed higher regression coefficient for Higuchi’s
square root equation, which suggested a time-depen-
dent release mechanism. The observed deviation from
Fickian mechanism could be possibly due to higher
molecular weight of OFL (361.4), the polymer charac-
teristics (solubility, pKa, and tortuosity), and the inter-
calation of MMT29. K values showed that, as expected,
the release rate decreases with increasing MMT con-
tent in the nanocomposite microspheres. The fast ini-
tial release rate has been observed in other related
studies and explained by the authors as part of the
drug being adsorbed outside the nanocomposite
microspheres30. After the burst release period, the
release rate fell as the dominant release mechanism
was changed to drug diffusion through the micro-
sphere matrix. The gradual release of OFL in MMT-
containing nanocomposite microspheres is due to the
exchange of OFL which are in the internal part of the
lamellae and have to diffuse through the nanocompos-
ite microspheres (Figure 9). The release half times t50
(time required for releasing 50 wt.% of drug) increased
with the increase of MMT content, which clearly indi-
cated that a sustained-release particulate system can be
obtained by incorporating MMT into the nanocompos-
ite microspheres system. Further studies are needed to
evaluate the performance of these systems in vivo and
to optimize the formulation.

Figure 8. Effect of MMT content on the release profile of the pre-
pared samples at pH 1.2.
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Figure 9. Schematic illustration of the OFL/MMT/CTS nanocompos-
ite microsphere.
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Conclusion

In this study, a novel OFL/MMT/CTS nanocomposite
microsphere was successfully prepared. OFL was stable
in the matrices developed without undergoing any
chemical changes during the microsphere production.
The nanocomposite microspheres exhibited higher
drug-loaded capacity and better drug-controlled release
properties in the case of certain MMT incorporation. The
drug release rate of the nanocomposite microspheres are
influenced by pH of external medium. At pH 1.2, the drug
cumulative release ratio of OFL from the nanocomposite
microspheres is slower than that at pH 7.4 and decreased
with the increase of MMT content. Analysis of the release
profiles showed that the drug release predominately fol-
lowed first-order kinetics and Higuchi’s square root
equation for releasing at pH 7.4 and pH 1.2, respectively.
The decrease of K values and increase of t50 with the
introduction of MMT clearly indicated that a sustained-
release particulate system can be obtained by utilizing
MMT into the nanocomposite microspheres system.
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