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Intraarticular administration of microspheres containing non-steroidal antiinflammatory drugs is beneficial 
in the treatment of rheumatoid arthritis. Microspheres could localize drug at the site of administration 
and control its release, resulting in improved therapeutic effects and decreased side effects. Therefore, the 
objective of the present study was to prepare controlled release meloxicam-loaded gelatin microspheres and 
evaluate the effect of various variables on their properties. Meloxicam-loaded microspheres were prepared 
by emulsion-congealing-chemical cross-linking method. Different amounts of polymer, emulsifier and cross-
linking agent, as formulation variables, were evaluated. Microspheres were characterized in terms of yield 
value, encapsulation efficiency and the drug release pattern. The particle size, surface morphology and 
thermal behaviour of microspheres were also investigated. According to the results, using glutaraldehyde as 
a cross-linking agent resulted in spherical microspheres with the yield value of 63-96% and encapsulation 
efficiency of 23-63%. The optimum formulation with the mean particle size of about 57 μm, showed slow drug 
release profile (64%) throughout 48 h. An appropriate polymer:cross-linker ratio must be used to obtain 
suitable particles with acceptable controlled released behaviour. In summary the results of the present study 
supported the preparation of sustained release meloxicam-loaded microspheres using emulsion-congealing 
method along with the potential application of glutaraldehyde in improving the physical properties of 
prepared particles as well as the release profile of this low water soluble drug. 
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Rheumatoid arthritis (RA) is one of the most common 
chronic autoimmune diseases that still does not have any 
curative treatment[1,2]. RA has three pathophysiological 
phases including immunological abnormalities, 
inflammation and proliferation of synovium. 
According to these phases, two types of drugs, which 
are commonly prescribed are antiinflammatory agents 
non-steroidal antiinflammatory drugs (NSAIDs) and 
glucocorticoids and disease modifying antirheumatic 
drugs (DMARDs). Using biological agents, immune 
suppressants and gene therapy are some newer 
strategies for the treatment of RA[3]. 

Using NSAIDs is the main strategy for pain relief in 
arthritic joints[4]. Recently, selective cyclooxygenase 
(COX-2) inhibitors have been more preferred due to 
their lower gastrointestinal side effects. It has also 
been reported that the efficacy of COX-2 inhibitors 
in the treatment of RA is similar to conventional 
NSAIDs[3]. Meloxicam (MX) is an oxicam derivative 
with analgesic, antipyretic and antiinflammatory 
effects. This drug is a preferential COX-2 inhibitor that 

is widely prescribed for treatment of osteoarthritis and 
RA [5].

Systemic administration of NSAIDs for a long period 
of time would cause significant gastrointestinal, 
cardiovascular and renal side effects; also low 
concentration of drug would reach to the inflammation 
site[6]. Local administration of these drugs is desirable 
due to producing higher concentration and lower 
systemic side effects. However, rapid clearance of drug 
from the joint cavity is a limiting factor[7]. Therefore, 
designing a controlled release drug delivery system for 
intra-articular administration could be beneficial[8,9]. 
In fact, incorporation of NSAIDs in biocompatible 
and biodegradable microspheres with appropriate size 
seems to be a logical strategy[7-16].
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Gelatin is a biocompatible, biodegradable and nontoxic 
natural polymer that is widely used for preparation of 
controlled release systems[6,17,18]. Previous studies have 
indicated that intra-articular administration of gelatin 
microspheres does not induce any inflammatory 
reaction[19]. Recently, special attention has been focused 
on the preparation of gelatin microspheres containing 
NSAIDs for intraarticular administration[6,20,21]. The 
aim of the present study was to prepare and characterize 
MX-loaded gelatin microspheres. The effects of 
various variables on the microspheres properties were 
also investigated.

MATERIALS AND METHODS

MX powder was supplied as a gift sample by 
Osveh Pharmaceutical Co., Iran. Fifty percent v/v 
glutaraldehyde (GA) solution was purchased from 
Sigma-Aldrich, St. Louis, MO, USA. Gelatin, liquid 
paraffin, Span 80, acetone and all other reagents were 
purchased from Merck, Germany. Materials and 
excipients used in preparing microspheres were of 
pharmacopoeial grades.

Preparation of microspheres:

MX-loaded gelatin microspheres (MX-GMs) 
were prepared by emulsion-congealing-chemical 
crosslinking method. Briefly, 100 mg of MX powder 
was dissolved in 0.2 M sodium hydroxide solution; 
then different concentrations of gelatin aqueous 
solutions (5 ml) were prepared using above MX 
solution under stirring at 70°. Gelatin containing drug 
solutions were drop wise added to 75 ml of preheated 
liquid paraffin and Span 80 mixture, by a syringe fitted 
with 22 G needle. The biphasic system was stirred 
under a mechanical stirrer (IKA, Germany) at a speed 
of 600 rpm at 70° for 10 min to form a w/o emulsion. 
The emulsion was cooled in an ice bath to 8° and 
continuously stirred for 15 min. In the next step, 75 
ml of acetone was gradually added to the emulsion 
by stirring for an additional 5 min. The resulting 
microspheres were collected by filtration and washed 
several times with acetone until the whole paraffin 
was removed. Finally, the microspheres were dried at 
room temperature for 12 h. It is worth mentioning that 
the stability of MX at alkaline pH has been previously 
indicated[22].

Two different methods were used for cross-linking of 
microspheres: (1) for the first group, 100 mg of prepared 
microspheres were transferred to a beaker containing 
50 ml of GA solution and stirred magnetically for 

4 h at room temperature. Then microspheres were 
collected and washed with distilled water. The 
resulting microspheres were dried at room temperature 
(Fa group). (2) For the second group, 1 ml of the GA 
solution was added to the w/o emulsion and stirred for 
5 min before congealing it to 8°. The other steps were 
performed as was mentioned above (Fb group). The 
composition of the prepared formulations was shown 
in Table 1. 

Characterization of microspheres:

The prepared microspheres were characterized in 
terms of yield value, encapsulation efficiency (EE), 
size distribution, in vitro drug release, morphology and 
thermal analysis. The yield value of each formulation 
was calculated using the following Eqn.,[23] yield value 
(%) = (weight of dried microspheres/total solid material 
amount in the dispersed phase)×100.

Drug content:

Ten milligrams of MX-GMs was accurately weighted 
and transferred to a beaker containing 20 ml of 1 M 
sodium hydroxide solution and stirred for 12 h to 
dissolve microspheres completely. The prepared 
solution was analysed for drug content using a UV/
Vis spectrophotometer at 362 nm (Shimadzu, Japan). 
The probable interference of gelatin with the UV 
absorbance of MX was studied and no interaction was 
observed.

The drug loading and EE were calculated using the 
following Eqns[21]: drug loading (%) = (weight of drug 
in microspheres/weight of microspheres)×100; drug 
EE (%) = (drug loading/theoretical drug loading)×100.

In vitro drug release:

Drug release studies were carried out in phosphate 
buffer solution (PBS, pH=7.4) at 37°. A sample of 

Formulationa Gelatin Span 80 GA solution
(% w/v) (% v/v) (% v/v)

Fa1 25 0.2 1
Fa2 25 0.2 5
Fb1 25 0.2 1
Fb2 35 0.2 1
Fb3 45 0.2 1
Fb4 25 0.2 5
Fb5 35 0.2 5
Fb6 45 0.2 5
Fb7 45 0.2 10
Fb8 25 0.3 5

TABLE 1: COMPOSITION OF MX-GM FORMULA-
TIONS

aAmount of meloxicam was 100 mg in all formulations.
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10 mg of MX-GMs were suspended in 25 ml of 
dissolution medium (sink condition) and stirred on a 
magnet stirrer at 30 rpm. At certain time intervals, 1 
ml of solution was sampled and centrifuged at 5000 
rpm for 5 min. The supernatant was collected and 
analysed spectrophotometrically at 362 nm and the 
sediment remaining in centrifuge tubes was returned 
to the release medium. After each sampling, fresh 
buffer solution was replaced in order to maintain 
sink conditions. All experiments were performed in 
triplicate for each formulation. 

Particle size analysis and surface morphology of 
microspheres:

A small amount of microspheres was suspended in 
absolute ethanol and the average particle size was 
determined using a particle size analyser (Mastersizer 
2000 Malvern, UK). Shape and surface morphology 
of microparticles were evaluated by scanning electron 
microscopy (SEM, Philips XL30, Netherlands). 
Microspheres were attached to a specimen holder and 
coated by gold sputter coater (BAL-TEC SCD 005, 
Switzerland) before observation.

Thermal analysis of microspheres:

Differential scanning calorimetry (DSC) (Shimadzu 
DSC 60, Japan) was performed to evaluate cross 
linking of gelatin. Drug free microspheres (8-10 mg) 
were placed in sealed aluminium pans and heated at 
the rate of 10°/min for the range of 20-250°. An empty 
aluminium pan was used as reference.

Statistical analysis:

Statistical analysis was performed using SPSS 
software. For comparing each variable, Student’s 
t-test or analysis of variance (ANOVA), followed by 
Tukey’s post hoc test were used. The differences of 
P<0.05 were interpreted as statistically significant.

RESULTS AND DISCUSSION

The characteristics of the prepared microspheres were 
presented in Table 2. Based on the results, except for 
Fb7, all compositions led to microspheres formation. 
The yield value for Fb group was acceptable[11] 
and higher than Fa group. EE and average size of 
microspheres in Fb group were in the range of 23.6-
63.3% and 34.6-148.2 µm, respectively. For Fa group, 
because of the very low yield and EE, other properties 
such as particle size were not evaluated. 

As was mentioned earlier, two different methods 
were used for crosslinking of gelatin microspheres. 
For group Fa, in which dried untreated microspheres 
were transferred to GA solution, yield value was 
decreased about 70% in comparison to the initial 
untreated particles. EE of Fa1 and Fa2 formulations 
after crosslinking step, was also decreased significantly 
(%EE of Fa1 and Fa2 formulations before crosslinking 
process were 25.2 and 29.5%, respectively). Also 
the shape of these microspheres was not spherical. 
According to the results, the above mentioned method 
could not be considered as an appropriate method. It 
seems that during the crosslinking step, a large portion 
of microspheres were eroded and the encapsulated 
drug was released. Increasing the concentration of GA 
solution from 1 to 5% v/v had no significant effect on 
yield and EE values.

On the other hand, using GA solution before congealing 
step (group Fb) resulted in spherical microspheres with 
higher yield values and encapsulation efficiencies 
compared to the formulations Fa. Adding GA to the 
emulsion before congealing step resulted in faster 
cross-linking of gelatin and consequently reducing 
drug leaching from droplets; therefore %EE of 
formulations Fb1 and Fb4 were 6 and 3.5 folds higher 
than that of Fa1 and Fa2, respectively. Also 2.6-4 folds 
increase in yield values was observed for formulations 
Fb1 and Fb4 in comparison to Fa1 and Fa2. Therefore 
this method was used for the preparation of MX-GMs.

Polymer amount and crosslinking agent concentration 
are two important parameters that could affect 
microspheres properties including yield value, drug 
loading and particle size. As shown in Table 2, by 
increasing gelatin concentration from 25 to 45% w/v 
in Fb1-Fb3 and Fb4-Fb6 formulations, yield value was 
decreased. In overall, the same trend was observed by 
increasing GA concentration from 1 to 5% v/v. It seems 
that by using higher polymer concentration, viscosity of 
dispersed phase and in turn adhesion of polymer to the 
surfaces increases, resulting in lower yield value. Also 
application of GA solution with higher concentration 
10% v/v in Fb7, resulted in a rigid mass of polymer 
created around the impeller with no spherical particles. 
This indicates that an optimum GA concentration must 
be applied in order to obtain appropriate microspheres. 

Gelatin and GA solution concentration also had 
significant effect on EE of microspheres. Based on the 
results, increasing the polymer concentration from 25 
to 45% w/v in Fb1-Fb3 and Fb4-Fb6 resulted in an 
improvement about 76-80% in EE value. As indicated 
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by Esposito et al., the lipophilicity of drug molecule 
has significant effect on EE. During the emulsification 
step, hydrophobic drugs (such as MX) might diffuse 
from the aqueous internal phase to the external 
continuous oil phase[24]. It seems that the viscosity 
enhancement due to the higher gelatin concentration 
reduce drug diffusion from gelatin droplets to the 
external oil phase leading to improvement of the 
EE values. Also increasing GA concentration had a 
positive effect on the EE values. Probably, due to the 
high concentration of GA solution, a rigid network was 
formed that restricts leaching of the drug molecules 
during preparation procedure[25].

With regard to the particle size, as shown in Table 2, by 
increasing gelatin amount at both low and high levels 
of GA solution, a 1.5-1.8 fold increase in the average 
size of microspheres was observed (P<0.05). This 
result can be rationalized that the presence of more 
gelatin and thus higher viscosity of internal phase, 
causes formation of larger droplets in continuous phase 
and increase microspheres size. Also, as was reported 
by previous studies, at constant amount of gelatin, 
employing higher GA concentration led to reduction 
of size of microspheres, which could be attributed to 
the formation of more rigid network structure in the 
presence of higher cross-linking agent and in turn 
more shrinkage of prepared microspheres[25,26]. On 
the other hand, according to Saravanan et al., drug 
loading enhancement could increase average size of 
microparticles[20]. 

In the emulsion-congealing-chemical crosslinking 
method, which was used in the present study, presence 
of emulsifier has critical role in the formation of 
emulsion. Also type and concentration of emulsifier 
have significant effect on the properties of internal 
phase droplets. As shown in Table 2, by increasing 
Span 80 concentration from 0.2% Fb4 to 0.3% in Fb8 
formulation, yield value was increased to 96.2%. The 
presence of higher emulsifier concentration in the 
preparation medium could decrease surface tension of 

gelatin droplets and adhesion of them to the surfaces, 
leading to improvement of the yield value. However, 
32.6% and 39.8% reduction was observed in EE and 
average particle size values, respectively, by increasing 
emulsifier concentration (P<0.05). As was previously 
reported, by increasing emulsifier concentration, 
solubility of a lipophilic drug in the external phase 
increases and as a result, EE of drug would decrease[27,28]. 
Besides, diffusion of hydrophobic compound to the 
external phase would be facilitated due to the formation 
of smaller droplets of internal phase in the presence 
of higher Span 80 concentration[24]. On the other hand, 
by decreasing emulsifier concentration, stability of 
internal phase droplets may decrease and droplets tend 
to coalescence, resulting in larger microparticles[27].

Release profile of drug from microspheres has 
significant effect on drug bioavailability and its 
therapeutic efficacy. Cumulative release percent of 
MX from different formulations in PBS at 15 min, 1 
h, 4 h, 8 h and 24 h were shown in Table 3. According 
to the results, MX was released with high initial burst 
from all microparticles except for Fb4. By comparing 
Q15 for Fb1-Fb3 and Fb4-Fb6, initial burst effect was 
increased significantly (P<0.05). Microspheres with 

Formulation Yield 
value
(%)

Drug 
loading

(%)

EEa

(%)
Average 

size
(µm)

Fa1
Fa2
Fb1
Fb2
Fb3
Fb4
Fb5
Fb6
Fb7
Fb8

21.3
29.4
86.2
80.7
72.5
88.1
71.0
63.7

-d

96.2

0.4±0.03c

0.7±0.08
2.3±0.09
2.2±0.15
2.4±0.05
2.6±0.03
3.0±0.45
2.7±0.06

-
1.7±0.11

5.1±3.4c

9.8±4.1
31.0±2.1
40.7±1.3
54.7±1.8
35.0±1.1
55.5±0.9
63.3±2.3

-
23.6±2.7

NDb

ND
102.0±1.8c

130.5±2.1
148.2±2.0
57.5±0.9
92.8±0.8
104.4±1.0

-
34.6±1.3

TABLE 2: PHYSICOCHEMICAL PROPERTIES OF 
MX-GMS, (n=3)

aEncapsulation efficiency; bnot determined; cmean±SD; 
dmicrospheres were not formed.

Formulation Q15 (%) Q1h (%) Q4h (%) Q8h (%) Q24h (%)
Fb1
Fb2
Fb3
Fb4
Fb5
Fb6
Fb8

51.2±0.11
80.0±0.07
88.0±0.06
29.3±0.09
77.5±0.04
80.4±0.10
79.1±0.11

63.4±0.17
83.2±0.06
89.2±0.20
33.3±0.09
79.0±0.15
83.1±0.21
82.0±0.07

70.1±0.12
84.1±0.14
93.0±0.07
35.4±0.07
80.1±0.10
86.1±.14
85.3±0.10

74.5±0.03
87.1±0.25
95.1±0.06
37.1±0.06
82.4±0.08
87.1±0.10
88.4±0.05

80.3±0.10
92.5±0.23
98.7±0.21
41.1±0.13
86.3±0.09
94.0±0.13
94.2±0.09

TABLE 3: CUMULATIVE RELEASE PERCENT OF MELOXICAM FROM MX-GMS (MEAN±SD; n=3) 
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approximately 30% and reached to 64% after 48 h. The 
initial burst effect seems to be due to drug molecules 
that are not entrapped but adsorbed on the surface of 
microspheres[11] and the later slower release is related to 
the degradation of micro particles. As was reported by 
previous studies, micro particles absorb high amounts 
of water in the release medium and swell noticeably. 
After reaching to swelling equilibrium, disintegration 
of microspheres starts, followed by degradation. By 
increasing GA amount, the degradation and drug 
release rate will be slower[26]. This release behaviour 
is preferred for MX microspheres, because initial burst 
can produce an immediate therapeutic effect, followed 
by the prolonged release of drug that could keep this 
effect[20]. 

The release kinetics of Fb4 formulation was 
investigated for two release phases (1-22 h and 22-48 
h) separately, ignoring the burst release, using three 
different models including zero order, first order and 
Higuchi equation[32]. Based on the squared correlation 
coefficient (R2) depicted in Table 4, the first phase of 
release profile was in accordance to the Higuchi model. 
However, there is no evidence to specify the dominant 
kinetics model for the second phase of release profile.

According to the results of release studies and particle 
size analysis, Fb4 was selected as an optimum 
formulation. As was reported previously, the best 
range of particle size that can be injected by using a 
conventional needle with maximum retention at the 

high EE (%) showed higher initial burst effect and 
vice versa. This relationship between microparticles 
drug loading and drug release rate has been reported 
previously[20]. It is probable that in microparticles with 
higher EE values, more drug particles were present 
on the surfaces, leading to marked burst release. 
In addition, dissolution of drug from microspheres 
with more EE values could facilitate drug diffusion 
through interconnected channels[29,30]. Based on the 
previous studies, concentration of both gelatin and 
GA solution has significant effect on release profile of 
microspheres[25,26]. In fact the ratio of crosslinking agent 
to polymer can change drug release profile. The results 
suggest that for Fb4, this ratio was appropriate, so that 
release of MX from microparticles was slower than 
other formulations. Also the colour of Fb4 microspheres 
was darker than other formulations, indicating higher 
crosslinking density in these microparticles and as 
a result, slower drug diffusion rate[31]. It should be 
mentioned that although Fb4 had smaller particle size 
than Fb1, but due to the use of higher cross linking 
agent and more rigid structure, its drug release rate was 
lower significantly (P<0.001). Fb8 formulation had 
higher drug release rate in comparison to Fb4, which 
could be attributed to the smaller particle size of Fb8 
microspheres.

Because of lower drug release rate from Fb4 
microspheres, the release study was exceeded up to 
48 h. As shown in fig. 1. The burst drug release was 

Fig. 1: Release profile of meloxicam from Fb4 formulation (n=3)
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injected joint is in the range of 1-70 µm[20]. The average 
size of Fb4 microspheres was obtained 57.5 µm with 
narrow particle size distribution curve (fig. 2).

Surface morphology of selected microspheres (Fb4) 
was determined by SEM analysis. To investigate the 
effect of cross-linking on surface morphology of micro 
particles, another formulation (Fu) was prepared, in 
which all preparation parameters were similar to Fb4 
except that cross-linking agent was not used. As shown 
in fig. 3, both microspheres had spherical geometry. 
However, untreated microspheres showed wrinkled 
surfaces, but GA treated micro particles had smooth 
surfaces indicating presence of more rigid network 
structures[33]. 

Crosslinking of gelatin would change its thermal 
behaviour and shift polymer glass transition temperature 
(Tg) to a higher value. In this study, thermal behaviours 

of drug-free microparticles were evaluated. As shown 
in fig. 4. Tg of Fu, Fb1 and Fb4 microspheres could be 
observed at 92.08, 96.75 and 208.1°, respectively. In 
these three formulations, gelatin concentration and all 
other variables were similar and only the amount of 
crosslinking agent used during the preparation process 
was different. As the crosslinking density increases, 
thermal stability of microspheres would improve, 
therefore the Tg of gelatin, shifts to higher values[33,34]. 
Tg value of gelatin for Fb1 was close to the untreated 
microspheres, which may be described by a very low 
degree of crosslinking in this formulation. The higher 
Tg value of gelatin for Fb4, could explain the slower 
release rate of drug from these microparticles.

In the present study, MX loaded gelatin microspheres 
were prepared by emulsion-congealing-chemical 
crosslinking method. GA was used as chemical 
crosslinking agent and its concentration had significant 

Release phase
Zero order First order Higuchi equation

R2 k (mg.h-1) R2 k (h-1) R2 k(mg.h-0.5)
Phase 1 0.837 0.259 0.847 0.004 0.943 1.5924
Phase 2 0.982 0.888 0.983 0.018 0.985 10.47

TABLE 4: CORRELATION COEFFICIENT (R2) AND RELEASE RATE CONSTANT (K) OF MELOXICAM FROM 
OPTIMUM FORMULATION BASED ON VARIOUS MODELS

Fig. 2: Particle size distribution curve of Fb4 microspheres

A  B 
Fig. 3: Scanning electron micrographs
(A) Fu (without cross-linking step) and (B) Fb4 microspheres



www.ijpsonline.com

January-February 2017 Indian Journal of Pharmaceutical Sciences 111

effect on microspheres properties. Gelatin concentration 
and polymer to cross-linker ratio also altered the 
physicochemical properties of micro particles such 
as EE, size and drug release profile. The optimized 
microspheres (Fb4) showed slow and biphasic MX 
release that is suitable for using as an intra-articular 
drug delivery system for RA treatment.
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