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There has been increasing interest in using the nose 
as a route for administration of systemically active 
drugs. One of the reasons for the low degree of 
absorption of peptides and proteins via the nasal route 
is rapid movement away from the absorption site 
in the nasal cavity due to the mucociliary clearance 
mechanism. In order to overcome the barriers to 
nasal absorption of drugs two main approaches have 
been utilized: modification of the permeability of 
the nasal membrane by employment of absorption 
enhancers (such as surfactants, bile salts, cyclodextrins, 
phospholipids, and fatty acids), which can promote the 
absorption of poorly absorbable drugs and the use 
of mucoadhesive systems such as bioadhesive liquid 
formulations, microspheres, powders, and liquid gelling 
formulations that decrease the mucociliary clearance of 
the drug formulation and thereby increase the contact 
time between the drug and the site of absorption. 
Nasal drug delivery is a useful delivery method for 
drugs that are active in low doses and show no or 
minimal oral bioavailability such as proteins and 
peptides1-5. Microsphere technology is one of the 
specialized systems becoming popular for designing 
nasal products, as it may provide prolonged contact 
with the nasal mucosa and thus enhances absorption 

and bioavailability. In the presence of microspheres, 
the nasal mucosa is dehydrated due to moisture uptake 
by the microspheres. This result in reversible shrinkage 
of the cells, providing a temporary physical separation 
of the tight (intercellular) junctions that increases 
the absorption of the drugs6-12. Particularly important 
for the nasal drug absorption is the respiratory 
region, which contains three nasal turbinates and the 
deposition of the particles in this region will depend 
on their size. Classically, larger particles including 
droplets (>10 µm), are deposited in the nasal cavity 
after inhalation; the larger the particles, the more 
anterior the deposition. For smaller particles the site 
of deposition depends on the velocity at which the 
particles are inhaled and the turbulence in the air 
flow, however the particles of size smaller than 1 
µm are not normally deposited in the nasal cavity 
but travel down to the trachea to reach the lung. The 
rationale behind the use of a microsphere system is 
that, the application of bioadhesive microspheres (in 
the powder form) with good bioadhesive properties 
would permit such microspheres to swell in contact 
with nasal mucosa to form a gel and control the 
rate of clearance from the nasal cavity, thereby 
giving poorly absorbed drugs a longer time to be 
available at the absorptive surface. Microspheres 
have been reported to be present up to 3-5 h in the 
nasal cavity depending upon the bioadhesive material 

*For correspondence
E-mail: mlrcops2002@yahoo.co.in

In this study the suitability of spray drying as a method for the formulation of mucoadhesive microspheres for nasal 
delivery was evaluated. The microspheres were produced from mucoadhesive polymers including chitosan salt, 
hydroxypropylmethylcellulose, hydroxypropylcellulose, sodium alginate and contained levocetirizine dihydrochloride 
as the model drug. The microspheres formed were evaluated for particle size distribution, drug loading, production 
yield, in vitro release characteristics and suitability for nasal drug delivery in terms of particle size and release 
properties. The conditions of the spray dryer were optimized for production yield and particle size.

Key words: Microspheres, nasal delivery, spray drying, levocetirizine
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used for formulation. The ideal microsphere particle 
size requirement for nasal delivery should range 
from 10 to 50 µm as smaller particles than this 
will enter the lungs. However, studies have reported 
that a signiÞ cant portion of small particles are also 
deposited in the nose. The capacity of removal for 
the upper respiratory tract is 100% for the particles 
with size larger than 10 µm, and approximately 80% 
for the particles of 5 µm. Clearance capacity drops 
progressively with further reduction in size and 
approaches zero for particles at 1-2 µm. Studies have 
also reported that 4 µm is the sufÞ cient size for the 
nasal delivery.

As far as nasal microspheres are concerned, spray 
drying13-17 is an important method for its preparation. 
It will give rise to microspheres in which active drug 
will be in the matrix of the polymer. Although the 
drying air temperature may be relatively high (e.g. 
>100°), the actual temperature of the evaporating 
droplets is significantly lower due to cooling by 
latent heat of vaporization. Thus, thermal degradation 
of the active ingredient is not so much a concern as 
it Þ rst appears18,19. The properties of the spray-dried 
microspheres can be controlled by both the process 
and formulation parameters. The advantages of 
using this process for nasal delivery is that it can be 
operated in aseptic conditions, because as per US FDA 
regulations the nasal products should be manufactured 
as sterile or preserved. Microspheres formed by this 
method have a very high drug loading. Moreover the 
process is more feasible for scaling up compared to 
other microsphere fabrication methods, for instance 
emulsion solvent extraction20-21. 

Vidgren et al.20, prepared microspheres of disodium 
cromoglycate (DSCG) with either polyacrylic acid 
(Carbopol 934) or sodium carboxymethylcellulose 
(NaCMC) by the spray drying technique and evaluated 
for in vitro characteristics.  The current study aimed 
to observe the suitability of the spray drying as a 
technique for the formulation of the mucoadhesive 
microspheres for nasal delivery. As this route is 
limited by the particle size of the microsphere system, 
this factor was chosen as the primary objective of 
the study. The model drug chosen was levocetirizine 
dihydrochloride. The drug is water soluble and is used 
for the seasonal allergic rhinitis, perennial allergic 
rhinitis, chronic urticaria, unlabeled uses are in pollen 
induced asthma (alone or as an adjunct) and atopic 
dermatitis including atopic eczema.

MATERIALS AND METHODS 

Levocetirizine dihydrochloride (m.p. 225°) 
manufactured by Symed Labs Ltd., India, was 
acquired from Orchid Chemicals and Pharmaceuticals 
Ltd., Chennai, India. Hydroxypropylmethylcellulose 
(Methocel E5) was obtained from Colorcon Asia 
Pvt. Ltd. Verna, India. Sodium alginate was obtained 
from ISP, Alginates, San Diego, UK; Chitosan salt 
was a product from Signet Chemical Corporation, 
Mumbai, India.  Eudragit was obtained from Degussa, 
Germany and HPC obtained from Signet Chemical 
Corporation, Mumbai, India. Spray dryer (SD-05) was 
from Lab Plant, G. B. R, stereomicroscope (Leica 
Microsystems, Cambridge, UK), dissolution apparatus, 
USP Type-3 (Vankel Technology Group N.C.), UV 
Spectrophotometer (Varian), magnetic stirrer (Remi, 
Mumbai).

Preparation of the microspheres:
Table 1 shows the various formulae used for the 
production of the microspheres using spray drying 
technique. Feed solutions were prepared by dissolving 
the polymer(s) in the solvent/solvent mixture by 
vortexing (using magnetic stirrer) and then adding the 
drug to this polymer solution and stirred to dissolve 
it. In case of formulation-II, the slurry of polymers 
was prepared in half of the volume of water using 
mechanical stirrer, then the solution of the drug in 
water was added. The remaining water was added and 
stirred till a clear solution was formed. These solutions 
were used as the feed solutions for spray dryer. The 
conditions optimized for the different formulae are 
shown in the Table 2. The ß ow rate of 2.472 ml/min 
was executed at 2 rpm pump speed; air flow of 30 
m   3/h was used for all the formulations.

Drug loading in microspheres:
Aqueous solutions of levocetirizine dihydrochloride 
were prepared at concentrations of 1, 2, 5, 8, 10, 12, 

TABLE 1: FORMULAE USED FOR THE PRODUCTION 
OF THE MICROSPHERES USING SPRAY DRYING 
TECHNIQUE
Ingredients Formulation-I Formulation-II Formulation-III
Sodium alginate 3 g - -
HPMC-E5 - 2 g -
HPC - - 2 g
Chitosan Salt - 3.5 g -
Eudragit L-100 - - 2 g
Methanol - - 90 ml
Water 100 ml 150 ml 10 ml
Drug 8-40% 8-40% 8-40%
HPMC is hydroxypropylmethylcellulose and  HPC is hydroxypropylcellulose
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15 µg/ml. The solutions were assayed using a UV 
Spectrophotometer at a wavelength of 230.1 nm to 
generate a calibration plot. The actual loading of the 
drug in microspheres was determined by suspending 
25 mg of microspheres in 100 ml of pH 6.4 buffer 
and stirred on a magnetic stirrer for about 8 h to 
ensure the complete dissolution of the drug. This 
solution was Þ ltered through the 0.45 µm nylon Þ lter 
and absorbance of the solution at 230.1 nm was taken 
after suitable dilution, taking a placebo microspheres 
batch processed in the same way as the blank. An 
approximation of the amount of un entrapped drug 
was determined by stirring 25 mg of microspheres 
in 5 ml of water for about 1 minute and Þ ltering the 
solution through a 0.45 µm nylon Þ lter, and measuring 
the absorbance at 230.1 nm taking a blank of the 
placebo batch processed in the same way. The loading 
values were reported as percent of the theoretical 
loading, which is calculated as (Actual loading)�(non-
entrapped drug)×100/ Theoretical loading.

Particle size distribution:
The microspheres were evaluated for particle size and 
shape. A stereomicroscope was used for the purpose, 
which was calibrated using calibration micrometers. 
The microscope was equipped with the software, 
Image Manager through a camera. A suspension of the 
microspheres was prepared on a slide using Nujol and 
covered with the cover slip to form a specimen. This 
slide was observed under the microscope. An image 
was clicked and used for the particle size and shape 
analysis. The magniÞ cation of the microscope used for 
observations was 115X. Size of around 250 particles 
was measured for each batch on the different portions 
of the slide. From the size distribution the average 
particle size and standard deviation σ were calculated 
for each batch of microspheres.

Measurement of the in vitro release rate:
A modiÞ cation of the USP-III (reciprocating cylinder 
type) was used. The media used in this method was 
phosphate buffer of pH 6.4, the volume of media 
taken was 25 ml that will just touch the surface of the 
reciprocating cylinder�s mesh # 400. The temperature 

of the media was maintained at 37±0.5°. The media 
was kept covered throughout the experiment and the 
dipping mechanism was stopped i.e. the dissolution 
proÞ les were developed in static conditions. Periodical 
samples of 3 ml were withdrawn and replaced after 
uplifting the assembly. The samples were taken after 
stirring the media. Samples were filtered through 
a 0.45 µm nylon filter and, after suitable dilution; 
absorbances were taken at 230.1 nm. The experiment 
was performed in triplicate and average values 
reported.  

Stability of the microspheres:
The microsphere batches were stored at 25o and 65% 
RH for 30 d and observed for the size and shape at 
10 d interval. The drug content was determined after 
the study using the method of determination of drug 
loading.

RESULTS AND DISCUSSION 

The yield obtained from these three formulations 
was 20.02±1.088% (formulation-I), 45.86±1.009% 
(formulation-II) and 63.44±1.109% (formulation-
III). The primary reason for low yields is the high 
viscosity of the feed solution, which requires a longer 
drying time that can be applied by changing drying 
parameters such as temperature, air flow rate. But 
these parameters are interlinked so it was not possible 
to optimize the root cause. As the yield was very low 
in formulation-I, this preparation was not subjected to 
further evaluation.

The low polymer concentration was not able to 
give the desired particle size as the droplet size 
was small and most of the part of drop consisted 
of solvent which would evaporate leaving the small 
particles. Therefore, the polymer concentration was 
increased and optimized for at 3-6% w/v for different 
formulations.

The particle size range in both the formulations (II 
and III) was 5-55 µm with an average of 15.48±6.979 
and 15.08±7.427 µm, respectively with a moderate 
drug loading of 20%. All formulations were spherical 
in particle shape with a few elongated particles 
as exceptions. The increment in the drug loading 
appeared to have an enhancing effect on the size of 
the microspheres, but this effect was not signiÞ cant. 
The results clearly show that in all the batches the 
particle size range is suitable for nasal delivery, 

TABLE 2: SPRAY DRYING CONDITIONS OPTIMIZED FOR 
THE DIFFERENT FORMULAE
Process Formulation-I Formulation-II Formulation-III
parameter
Inlet temperature 140º 154º 65º
Outlet temperature 85º 95º 49º
Pump speed 2 rpm 2 rpm 2 rpm
Nozzle size 1.5 mm 1.5 mm 1.5 mm
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as more than 75% particles are in the range 10-40 
µm. Previous studies showed that 4-5 µm size was 
sufÞ cient, but we have presented a superior particle 
size range in comparison.

Drug loading was notably high in this method whilst 
generally low in the other methods. The reason for a 
high loading in the microspheres prepared by spray 
drying is the evaporation of the liquid phase and the 
remaining solid phase will entrap the drug with little 
drug contained outside the matrix. The percent loading 
is decreasing as the theoretical loading is increased 
because more drug remains unentrapped and hence the 
percent loading decreases (Table 3).

Figs. 1 and 2 show the release proÞ les of levocetirizine 
dihydrochloride from the microspheres prepared with 
formulation-II and III, respectively. The microspheres 
prepared in the formulation design were free ß owing, 
and showed a great deal of agglomeration upon 
observation under the stereomicroscope.

The release pattern obtained shows an extended 
release up to 2 h in formulation-II and up to 4 
h in formulation-III. The burst effect observed in 
formulation-II is due to rapid dissolution initially but 
the effect was absent in formulation-III possibly due 
to slow dissolution as Eudragit is a pH dependent 
polymer, that slowly dissolves above pH 6.0. 
Moreover the conditions are static and media volume 
is lower. The method is therefore discriminatory for 
different formulations. The release of the drug almost 
at every interval is higher for formulations with higher 
drug loading. Chitosan is more soluble in aqueous 
media and gave a faster release. The method shows 
a release profile that will be easy to correlate with 
in vivo data as the mucoadhesive microspheres are 
reported to reside for a period of 2-4 h in the nasal 
cavity; depending on its mucoadhesivity. Moreover 
the method seems to simulate the conditions as 
following delivery, the microspheres stick to the 
mucous membrane and will be almost static (a very 
little agitation of mucocilliay clearance) to give a 
drug release in very low volumes of nasal ß uids. Sink 
conditions will be due to the nasal blood ß ow only 
and not due to nasal ß uid. 

Levocetirizine dihydrochloride is a water soluble drug 
that dissolves almost immediately (about 5 min). In 
the microsphere the drug is dispersed in the polymer 
matrix and dissolves in water by diffusion through 
and erosion of the polymer matrix. Drug release 
was observed to be slower with increased polymer 
concentrations i.e. higher loading batches gave faster 
release.

On storing at 25o and 65% RH, microspheres were 
stable as far as morphology is concerned. The average 
particle size remained relatively unchanged. Drug 
loss was minor as observed after a month study. 
There was 0.07±0.0032% drug loss in formulation-II 

TABLE 3: DRUG LOADING (%) IN MICROSPHERES
Drug % in formula→ 8% 20% 30% 40%
Formulation-II 96.31±0.165 95.66±0.138 94.72±0.196 94.23± 0.210
Formulation-III 98.23±0.157 97.62±0.158 97.06±0.180 96.66± 0.141
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Fig. 1: In vitro release from Formulation-II mucoadhesive 
microspheres 
The in vitro release from Formulation-II mucoadhesive microspheres 
with % drug in formula 8 (─!─), 20 (─"─), 30 (─"─) and 40 (─#─)

Fig. 2: In vitro Release from Formulation-III mucoadhesive 
microspheres
The in vitro release from Formulation-III mucoadhesive microspheres 
with % drug in formula 8 (─!─), 20(─"─), 30(─"─) and 40 (─#─)
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and 0.05±0.003% in formulation-III. Formulation-
III contained the polymer Eudragit L-100 which 
shows change in physical appearance i.e. it is getting 
elongated at higher temperature so conditions could 
not be altered so much for this polymer and except 
the temperature other conditions were kept same as 
these were optimized for the formulation-II. On the 
basis of various trials taken, the effect of the ß ow rate 
of the feed solution (controlled by pump speed), inlet 
temperature and nozzle size used on particle size and 
yield of the product were studied for the formulation-
II (Table 4).

A study was carried out using three levels of the 
pump speed i.e. 2, 4, 6 rpm and effects were observed 
(figs. 3 and 4).The increase in flow rate causes an 
increase in the average particle size, which is due to 
the formation of the bigger droplets as more amount 
of the liquid is available for the spraying. But the 

yield of the product decreases with increase in the 
ß ow rate, the reason for which may be the loss of the 
product in the un-dried form due to deposition on the 
drying chamber walls since bigger droplets require 
more drying time to form microspheres.   

A change in the inlet temperature of the equipment 
can inß uence the drying rate. So a study was carried 
out using three levels of the inlet temperature i.e. 
125, 140, 155° and the effects were observed (Þ gs. 
5 and 6). The increase in the inlet temperature of 
the equipment shows a very small, (which may be 
insigniÞ cant) increment of the average particle size. 
The increase in the temperature leads to the fast 
drying of the droplets and increases the proportion 
of the larger particles in the product, as the bigger 
droplets will dry faster with high temperature. 
The increase was small due to the reason that the 

TABLE 4: OPTIMIZATION OF THE SPRAY DRYING CONDITIONS
Parameter  Value  Product yield (%) Average particle size (µm)
Inlet temperature (ino) with 125 42.79±1.074 14.88±6.852
1.5 mm nozzle & 2 rpm pump speed 140 44.01±0.989 15.08±6.698
 155 45.86±1.009 15.48±6.979
Nozzle size (mm) with 155o & 0.5 49.14±1.011 11.05±5.249
2 rpm pump speed 1.0 47.34±1.072 14.02±5.951
 1.5 45.86±1.009 15.48±6.979
Pump speed (rpm) with 1.5 mm 2 45.86±1.009 15.48±6.979
& 155o 4 41.39±1.088 16.61±6.644
 6 35.24±0.974 17.85±6.283

Fig. 3: Effect of ß ow rate on the particle size
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Fig. 4: Effect of ß ow rate on the yield of product
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increment of inlet temperature leads to a little increase 
in the temperature of the surface of the droplets 
because of the latent heat of evaporation playing a 
role. It leads to an increase in the yield of the product 
due to the faster drying of the droplets.    

The size of the microspheres depended upon the type 
and size of the nozzle used and it can inß uence the 
yield of the microspheres hence the study was carried 
out with three different nozzle sizes i.e. 0.5, 1.0, 1.5 
mm and the effects were observed (Þ gs. 7 and 8). The 
bigger nozzle produce bigger droplets which upon 
drying form larger spheres and hence the proportion 
of bigger particle increases in the product. Whereas 
this increase in the droplets size has also caused 
reduction in the yield of the product as the bigger 
droplets take more time to get dried.

This study shows that it is possible to prepare 
mucoadhesive microspheres with good morphological 
characteristics using spray-drying technique. The 
microspheres can be formed with relatively high 
drug loading [94-98%], which is generally very less 
in other methods. The type and amount of polymer 
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can be changed to achieve the objectives as change 
in polymer can alter the dissolution properties of 
the microspheres. The conditions for spray drying 
can be optimized to achieve the particular objectives 
like particle size and yield of product. The water 
proportion in the feed solution, its viscosity and the 
dimensions of the equipment are very important for 
a particular product. Size of the microspheres and 
yield can be altered using the different nozzle sizes, 
temperature and ß ow rate of the feed solution. The 
microspheres prepared are suitable for the delivery to 
nasal mucosa as the size distribution achieved was in 
the desired range. The dissolution proÞ les developed 
have shown probable candidature for in vitro and 
in vivo correlation (IVIVC). Stability studies carried 
out show that there was no change in the particle 
morphology and drug content batches were kept at 
25o and 65% RH for 30 days. So the drug is well 
protected inside the polymer matrix.
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