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Abstract

Conventional dosage form after administration, the anti-asthma medication travels freely and distribute
equally in highly perfused tissues leading to undesirable side effects. It makes the treatment ineffective
and required concentration of drug could not reach the lungs. Microspheres as targeted drug delivery
system have emerged as a remedial measure and to achieve higher salbutamol concentration in capillary
network of lungs. As an application, salbutamol-loaded albumin microspheres (SAM) were prepared
using Buchi B-90 nano spray-drier. Central composite design (CCD) was applied to optimize the spray
drying process. The optimized SAM was subjected to surface morphology and found to be shriveled
particle. The mean particle size was 8.24 µm, an ideal size to deposit in the capillary bed of the lungs.
The maximum drug encapsulation and percentage yield were 72 ± 0.8% and 86 ± 0.4%, respectively.
The drug release showed sustained release and was best explained by Korsmeyer peppas equation and
showed the highest linearity (R2-0.9915). In vivo results shows sustained release and targeting efficacy of
SAM and the concentration of drug in the lung was higher (1311.1 ± 8.12 µg/g, 15 min) in comparison to
conventional formulation (90.2 ± 0.76 µg/g, 10 min). The product were stable and no change was
observed under (5 ± 2°C) and (25 ± 2°C). Results prove that the microspheres may be an alternative
drug delivery to lungs.
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Introduction
Asthma is considered as most chronic disease of the lungs and
serious universal health problem. In asthma the lungs swells
and narrow the airways and causes wheezing. It is a long term
illness and cannot be cured, but proper management can
control the illness and empower individuals to enjoy a quality
life. Saudi Initiative for Ashtma (SINA) 2010 reported more
than 2 million Saudi population has been affected. Asthma
patients are increasing in number day by day in developing
countries. Salbutamol is a β2 antagonist and are most
prescribed drug for treating bronchial asthma [1]. It helps in
widening the air passages of lungs and can make breathing
easier. It has relatively shorter duration of action of 4-6 hours
after administration. As a result it is administered orally 3-4
times daily at a dose of 2.5-5 mg [2,3]. Even though
salbutamols are frequently indicated for the treatment of
asthma, their recurrent dosing may decrease compliance.
Therefore, formulating and targeting the drug to the lungs are
essential. Salbutamol are generally administered in the form of

inhaled therapy, however, the use of i.v. route is suggested in
patients if the above treatment fails [4]. We have proposed to
develop new approach using approved drugs aside preparing
them into polymeric drug carriers owing to its biodegradable,
nontoxic and biocompatible microspheres by controlling the
particle size and targeting lungs passively after intravenous
injection. Targeting a formulation to lungs may assist in
specific outcomes in patients and can have a benchmark in
developing a new drug delivery system. However, it helps in
reducing the amount of drug distributed to highly perfused
tissues [5-7].

Microspheres offer many significant advantages one of them is
site-specific drug delivery. These are small spherical particles
vary from micrometer range (1-1,000 microns) in size.
Particles between 6 μm and 10 μm are widely distributed
throughout the lung tissue after iv bolus injection [8]. Sever
methods and techniques have been reported in formulation of
microspheres including reduced pressure-solvent evaporation
method [9], coprecipitation, coacervation, solvent dispersion,
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[10,11] solid-in-oil-in-water (S/O/W) emulsion, spray-freeze-
drying [12], water-in-oil (w/o), [13]. However, the drawback of
these methods is generally in use of organic solvents. These
organic solvents are highly reactive chemicals forming toxic
and explosive [14]. Furthermore, these techniques have poor
yield and cannot approach to scale up commercially. Among
the several methods of incorporating active ingredients into
microspheres, our team works on formulating microspheres by
the spray-drying method. Spray-drying is widely used in the
pharmaceutical industry for conversion of liquid into dry solid
powder. Moreover, the process is single-step, rapid, relatively
easy to scale up and may serve a valuable substitute to the
multi-step, time-consuming conventional (solvent diffusion,
water-in-oil, freeze drying etc.) methods in the area of
formulation [15-18]. The pilot study was conducted to
supplement to an already existing in one or more prevailing
area of site specific drug delivery systems to recommend a
complementary alternative method to conventional dosage
form, particularly given to asthma patients which is most
difficult to cure. The present research work aims at developing
and optimizing microspheres of salbutamol using albumin as a
polymer (SAM) to overcome its common side effects,
including such as upset stomach, runny nose, throat irritation,
and shakiness.

Materials and Methods
Salbutamol sulphate, terbutaline sulphate and dialysis tubing
cellulose membrane (2,000 molecular weight cut-off) were
purchased from Sigma Aldrich Corporation (St Louis,
Missouri, United States). Albumin and Glutaraldehyde were
purchased from Loba Chemie, Mumbai, India. All other
chemicals and solvents used were of analytical grade.

Experimental

Cross-linking albumin with glutaraldehyde
BSA and glutaraldehyde, 0.5% (w/v) BSA in de-ionized (DI)
water was cross-linked using glutaraldehyde at 1:15 BSA:
glutaraldehyde molar ratios. Cross-linking was carried out in
water bath shaker for 24 h at 20°C-25°C in a 100 ml bottle.
The mixture was rinsed in DI water for 24 hours to eliminate
excess glutaraldehyde [18].

Preparation of spray dried microspheres
A solution of 5% w/v albumin cross-linked with
glutaraldehyde and 1% salbutamol added then were prepared in
de-ionized (DI) water. The mixture was partially cloudy, so we
added 2M HCl drop-wise with stirring to form clear solution.
The solution was sprayed using Buchi Nano B-90 spray dryer.
Three operating conditions for the experiments were varied so
has to achieve desired particle size. The inlet temperature was
(80°C-120°C), flow rate was kept between (20-30 mL/h) and
the outlet temperature was fixed between (32°C-35°C). The
samples were filtered before spraying to avoid blockage of
spray nozzle containing 7 µm holes. The dried powder were
than collected manually with rubber spatula and stored in

amber colored vials at room temperature for further
investigation [18-21].

Design of experiments (DoE)
DOE technique was used to provide better and faster means to
optimize the spray-drying procedure. It helps in exploring the
cause and relationship between the three-process variable
(Table 1). The central composite design created constituted 20
of the trials according to the software. The particle size desired
for this experiment was (between 5-15 μm). The experiments
design technique were carried out using latest statistical
software package Stat-Ease software (Design-Expert V.8.0.7.1)
[21,22].

Figure 1. Scanning Electron microscopy showing shrived surface of
spray-dried microspheres.

Table 1. Design summary for DOE runs of salbutamol microsphere
design matrix and performance values.

Albumin Conc. % Inlet temp °C Feed Flow Ml Particle size μm

2 120 20 9.65

0.7 100 25 1.29

0.7 80 20 1.32

1.35 100 25 4.21

2 80 30 9.97

1.35 100 25 4.21

2 100 25 8.7

0.7 120 30 1.22

1.35 100 25 6.71

1.35 100 25 3.98

1.35 100 30 4.29

1.35 120 25 6.9

1.35 80 25 4.9

1.35 100 25 4.12
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Particle size analysis
Particle size was determined using Malvern Zetasizer Nano
Series Nano-ZS, Malvern Instruments Private Ltd, MA, USA).
Two milliliter of suspension containing microspheres in PBS
(phosphate-buffed saline) pH 7.4 was transferred in the glass
cuvette, and mean size diameter and distribution will be
determined [23].

Figure 2. Spray dried nano particles showing rubber spatula and loss
during collection.

Morphological characteristics
The surface patterns of the spray-dried microspheres were
determined after applying ultra-thin coating of electrically
conducting metal (platinum) to the microspheres using Quanta
200 scanning electron microscopy system (Philips-FEO,
Eindhoven, Netherlands). This helps in determine the external
surface of the microspheres for any change in structure, shape,
hallow, cracks etc. All the samples will be determined in
triplicate [24] (Figure 1).

In vitro Characterization of Spray-Dried
Microspheres

Production yield
The spray-dried powder were collected by rubber scapula by
scraping them off the collecting vessel and weighed (Figure 2).
Production yields of microspheres were determined by
calculating the difference between the total amounts of solids
sprayed (S1) to the weight of microspheres recovered (S2)
[25].������� ����� = �2�1 × 100
Drug content analysis
A known quantity of 10mg powder were weighted and
transferred to mortar and pestle and crushing them to
determine the drug content of salbutamol in microspheres. De-

ionized water was added to the above powder to form
suspension. The suspension was transferred to dialysis
membrane (molecular weight between 12,000-14,000 kd) and
were placed in dissolution basket in phosphate buffered saline
(PBS) solution. The basket was allowed to rotate for 2h to
release the drug from the microspheres. Drug contents were
measured at 276 nm using ultraviolet-visible
spectrophotometer 1601, Shimadzu, Tokyo, Japan [26,27].���� ������� = ��������� ���� ������������ ������ �� ���� ����� × 100

Figure 3. In vitro release studies of the optimized formulation SAM
and curve fitting with peppas model (Error bars ± SD; n=3).

In vitro release mechanism
In vitro release profiles were carried out according to our
recent published report with slight modification [28]. In vitro
release studies were carried out by adding 100 mg of
microsphere in 5 ml of PBS (7.4). The suspension was transfer
to a 3 × 1 dialysis bag (MWCO-12,000-14,000 Da, Sigma,
Germany) and dialyzed against 100 ml of PBS pH 7.4 and
stirred at 50 rpm. Sink conditions were maintained during the
studies. The temperature of the dissolution medium was
maintained at 37 ± 2°C. Aliquots (2 ml) were withdrawn to
know the drug content at predetermined time intervals of time.
The drug content was determined at 276 nm using ultraviolet-
visible spectrophotometer 1601, Shimadzu, Tokyo, Japan.
Similar procedure was carried out to all the samples in
triplicate (mean ± SD, n=3). The data obtained was fitted to
different kinetic models to know the release mechanism using
Sigmplot Software version 9 (Figure 3).

Pharmacokinetics, tissue distribution and targeting
efficiency in vivo
Briefly, healthy New Zealand white rabbits will be used and
experiment were carried out according to the published articles
[28,29]. In brief, 6 months old healthy male/ female white
rabbits weighing between (2.5-3.0 kg) were selected in this
experiment. The rabbits were kept under specific environment
controlled room temperature (25°C), during this time rabbits
had ad libitum access and stand rodent pallets. Animals were
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divided into groups 1-6 of six animals each to find out the drug
release at predetermined time intervals, specifically at 0.5, 1, 3,
6, 10 and 12 hours. Control group-1 received an intravenous
dose of 60 mg/kg salbutamol (pure drug), and group 2-6
received the formulation equivalent to 60 mg/ kg of drug [30].
The drug release from different organs (lungs, liver, spleen and
blood) were tested after being extracted from the rabbits. The
drug content from different organs was estimated by high-
performance liquid chromatography [31]. The know quality of
salbutamol containing plasma were withdrawn into microtubes
and internal standard (terbutaline sulphate) will be added. Then
centrifuged and supernatant were separated and injected into
C18 coloumn (50 μm, 70 A).

Figure 4. Buchi B-90 nano spray drying showing process parameter
settings.

To know the targeting delivery mechanism of clinical
application of salbutamol in formulation, in this paper, three
targeting parameters (re, te and Te) were used to investigate the
influence of salbutamol on the in vivo distribution on rabbits
and there pharmacokinetic parameters are calculated according
to the following formula (Figure 4) [32,33].�� = ��� ,  ���� �������� ���� �������� ������������������ ���� �������� �������� = ���  ������ ���������  ����������� �� �� = �� − ������� − ���������� ���������
Stability studies
Stability testing was carried out to prove the formulation is
stable under different environmental factors such as humidity
and temperature. The drug loaded albumin microspheres
(SAM) was filled and packed tightly in amber color vials and
exposed to stability testing according to International

Conference on Harmonization (ICH) guidelines. The packed
vials were kept at three different conditions such as (5 ± 2°C),
(25 ± 2°C) and (40 ± 2°C/75 ± 5% RH) for one year the
formulation were analyzed for physical appearance, drug
content and particle size.

Results and Discussion

Formulation of SAM intended for lung targeting
Statistical optimization is an important mathematical tool to
solve complex problem and to reduce the time, physical efforts
and cost of experiment. Design of experiment (DOE) is one of
the mathematical tools used to solve this above problem.
Numerical optimization technique was employed to optimize
the process parameter such as Inlet temperature, concentration
of polymer and feed flow rate. The model containing five
center points, four factorial points and six axial points with
total 15 experiments. In CCD, the variables was set as (0)
intermediate, (+1) highest and (-1) lowest. Moreover, this
design offers an improvement that by reducing the error in
optimal manner; the responses can be modeled in a quadratic
manner and with the selected variable the expected response do
not diverge in a linear manner. The experimental designs with
responses are shown in Table 2. The particle size from the
experimental data point was in the range of 1.22 µm to 9.97
µm. All our experiments were carried out in triplicate (n=3)
and in random order. All other process parameters such as
spray nozzle (7 µm), gas flow 90-95 L/min, Pressure 68 nbar,
Spray 100%, outlet temperature 20°C kept constant throughout
the experiment. The polynomial equation obtained to evaluate
response variable as in Equation 1.

Y = αo + α1X1 + α2X2 + α3X1X2 + α4X12 + α5X22

Where, αo-α5 represents effects or regression coefficients, X1-
X2 the studied variables and the resultant equation for particle
size response is shown in Equation 2.

Equation 2. The resultant equation in terms of coded factors for
particle size response.

Particle Size=

4.94 -

3.71 *A

1 *B

-1.51 *C

-1.57 *A *B

1.11 *A *C

-0.57 *B *C

-0.31 *A^2

0.6 *B^2
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Effect of albumin concentration on particle size
Particle size is important characteristics of targeted drug
delivery system. Many studies demonstrated that particles size
play important in biodistribution. In this case, we require the
size of the particles between 5-15 µm. It was observed that
increasing the concentration of albumin results in increasing in
size of the particles (Figure 5), this is due to more solid in a
droplet may increase the size and also the droplet contains
lesser amount of liquid to vaporize [34].

Table 2. List of numerical optimization solution.

Number
Albumin
Conc. Inlet temperature Feed flow Particle Size

1 1.08 116.98 21.1 7.4

2 1.46 114.23 24.94 6.4

3 1.6 80.26 28.96 6.4

4 2 84 25 8.2

5 1.57 82.58 20.18 7.3

6 1.53 94.81 21.82 6.7

7 1.42 91.93 20.06 6.7

8 1.82 97 24.13 7.6

9 1.64 100.25 26.93 6.2

10 1.25 100.69 20.98 6.1

Figure 5. The contour plot of particle size of microspheres prepared
by Buchi nano spray dryer for most significant factor albumin
concentration and feed flow.

Effect of inlet temperature on particle size
Inlet temperature plays an important role on particle size; the
temperature setting in spray-drying preparation should not
cause any thermal degradation of the polymeric material.
Increase in inlet temperature shows increase in particle size
(Figure 6), this is because the particle did not shrink at the
early stage during drying, thereby increase in bigger particles
[35].

Effect of feed flow on particle size
Surprisingly, we found opposite effect with increase in flow
rate, decrease in particle size (Figure 7). An increase in feed
flow led to a decrease of the transit time of droplet of the
particle through the spray-drier and the solvent evaporates
instantly and reduce the particle size [36].

Figure 6. The contour plot of particle size of microspheres prepared
by Buchi nano spray dryer for most significant factor feed flow and
inlet temperature.

Figure 7. Ramp function graph showing solution to obtain desired
particle size.
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Numerical optimization
The numerical optimization tool employed to study the low
and high level constraints and initial design space of the
experimental model. Ten numerical solution obtained by
Deign-Expert software in quantitative terms out of this three
experiments were carried by optimum conditions. The obtained
particle size (8.24 µm) (Figure 5) and predicted size were
similar by the equation confirms statistically significant. The
analysis of variance (ANOVA) for response surface quadratic
model shows the overall model for particle size production is
statistically significant for lung targeting. The R2 coefficient of
determination is a statistical measure and the obtained value
was more than >70%, all the three variables (inlet temp,
albumin conc. and flow rate) represents functional
relationships. The mean particle size obtained was suitable for
lung targeting. Several other studies have published the similar
particle size for albumin microspheres. Following intravenous
administration, 5-15 µm are entrapped in the capillary network
of lungs [37,38]. The obtained formulation further used for
characterization.

Determination of encapsulation efficiency and
percentage yield
The encapsulation efficiency and percentage yield were found
to be 72 ± 0.8% and 86 ± 0.4%, respectively. The low
encapsulation and yield was due to millions of uniform
droplets, which are formed after atomization comes in contact
with hot air and separates the powder from the liquid. These
powder stick to the nebulization chamber as shown in the
figure. However, the loss can be minimized by increasing the
production [39].

Figure 8. The contour plot of particle size of microspheres prepared
by Buchi nano spray dryer for most significant factor albumin
concentration and inlet temperature.

Particle size analysis
In our study, particle size is one of the important parameter
because targeted drug delivery of microspheres solely depends

upon the particle size. Microspheres in size range between 5-15
µm would affect the lung deposition. The particle size obtained
after optimization procedure found to be 8.24 µm, which helps
to entrap the microspheres after intravenous administration
[40,41]. Additionally the obtained particles were narrow in
size, this is mainly due to the spray nozzle ejects millions of
uniform size droplets and these droplets are dried at constant
temperature producing very narrow size particles. So that the
drug release from the formulation will not fluctuate largely in
vivo, intern maintains the therapeutic level. The spray-drying
method found to be superior compared to conventional method
of microspheres preparation. The fact is Buchi nano patented
spray-drier is young and flourishing drying method works by
removal of moisture by applying heat to the spray solution
while simultaneously controlling the humidity resulting in free
flowing powder. All the process takes place in one single step;
there by production cost, reduced [42].

Surface morphology
Morphology is one of the important quality control tests of
spray-dried powder, which affects flowability, moisture
content, particle size, bulk density. The powder obtained were
found to be shriveled particle, which are similar to shrinking
core this is due to when the droplet dried at high temperature.
However, it can overcome by optimizing the solid feed content.
As we could not increase, the concentration of the solid feed
which in turn would increase the particle size which was not
our objective [43-45].

Table 3. Pharmacokinetic parameter of SAM and salbutamol injection
after intravenous administration.

Parameters SAM Salbutamol bolus

AUC (μg h/mL) 39.1 ± 2.02 132.7 ± 4.21

t1/2 (α) (h) 2.12 ± 0.41 0.39 ± 0.19

t1/2 (β) (h) 22.22 ± 3.32 9.8 ± 1.11

CL (h-1) 0.18 ± 0.02 0.042 ± 0.08

K12 (h-1) 0.045 ± 0.04 0.75 ± 0.14

K10 (h-1) 1.85 ± 1.05 9.01 ± 0.42

K21 (h-1) 0.40 ± 0.05 1.09 ± 0.35

AUC: Area Under Curve; t1/2α: distribution half-life; t1/2β: elimination half-life;
K21: transfer rate constant from periphery compartment to central compartment;
K10: elimination rate constant from central compartment; K12: transfer rate
constant from central compartment to periphery compartment; CL: clearance in
central compartment; SAM: Salbutamol Albumin Microspheres.

In vitro and release kinetics
It was found that pure drug (salbutamol) released 95.4% with
in first half an hour; however 28.23% of salbutamol from SAM
was released in first half hour and remaining drug 99.1%
released completely within 12 h. The drug release pattern
showed biphasic module, which is important the first phase is
burst release or initial release; this is due to the drug loosely
embedded in the surface of the particles [46]. However, the
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initial burst can be decreased by increasing the polymer
concentration. In case of acute asthma, it is practiced the
loading dose of 4-6 µg kg-1 of salbutamol given intravenously
over 10 min period [47]. Clinically initial burst release is
important as it acts as a loading dose, which helps in reaching
the minimum therapeutic concentration in the blood to show
the drug action [48]. The release mechanism was studied by
fitting data to various kinetic models to know the release
mechanism, (Hixon and Crowell, first-order, Higuchi, Baker
and Lonsdale, Korsmeyer’s Peppas). The release mechanism
involved all the three process such as swelling, polymer
erosion and dissolution and can conclude non-fickian drug
release peppas (Figure 8) pattern based on the diffusional
exponent n=0.987 [49].

Figure 9. Narrow particle size distribution of albumin loaded
salbutamol microspheres prepared by Buchi B-90 nano sprayer.

Figure 10. Shelf life analysis of SAM formulation showing t90 = 34.2
months.

Table 4. Lung targeting parameters of SAM and salbutamol bolus
(control).

Sample
AUC (µg.min /mL or g) Te

SAM Control Re SAM Control Te-ratio

Plasma 39.1 ± 2.02 132.7 ± 4.21 0.14 0.03 1.75 0.021

Spleen 19.22 ± 3.18 8.42 ± 1.1 2 0.029 0.135 0.21

Liver 69.05 ± 3.7 152.87 ± 46 0.43 0.069 1.826 0.042

Lung 1311.1 ± 8.12 90.2 ± 0.76 10.2 - - -

AUC: Area Under Curve; Re: intake rate; Te: targeting efficiency.

The pharmacokinetic (PK) studies for SAM were analyzed
using WinNonline ® 1.5 software (Pharsight Corporation, St
Louis, MO, USA). One, two and three PK models for SAM
formulation were applied to describe the fate of a drug
distributed after 120 µg/kg intravenous administration to the
rabbits [50]. Plasma concentration from each rabbit measured
at predetermined time intervals and two-compartment model
provides the best fit (Figure 9). The in vivo pharmacokinetics
parameters illustrated in Table 3. Pharmacokinetics of SAM in
comparison with conventional formulation, the SAM
formulation altered the circulation pattern of salbutamol in an
animal model in vivo. The half-life after iv bolus of SAM (t1/2
(α)=2.12 ± 0.41 h, t1/2 (β)=22.22 ± 3.32) were prominently
greater than conventional formulation (t1/2 (α)=0.39 ± 0.19 h,
t1/2(β)=9.8 ± 1.11). The data shows sustained release and
targeting efficacy of SAM and the concentration of drug in the
lung was higher (1311.1 ± 8.12 µg/g, 15 min) in comparison to
conventional formulation (90.2 ± 0.76 µg/g, 10 min) (Figure
10). A clinical study shows the initial high salbutamol
concentration in the lungs helps to widen the airways and
relieves symptoms of asthma [51].

Figure 11. A) Salbutamol distribution in rabbits after intravenous
injection of SAM (A) and B) salbutamol injection given intravenously
(Error bars ± SD; n=3).

The particle size plays important role in drug distribution. The
results proved that the SAM formulation was higher in the
lungs in comparison to conventional formulation. This is due to
the narrow particle size of microspheres, which was between
5-15 µm obtained from spray drying technique and the study
also supported by other researchers [52,53]. The drug
distribution from both SAM and conventional formulation, the
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distribution of salbutamol in blood, spleen, liver and lung the
Re (drug exposure) value is >1, indicates that the organ/ tissue
was exposed to the drug to a greater extent. The lung-targeting
efficacy (Te) of SAM and conventional formulation are shown
in Table 4. SAM results in this study showed superior value of
Re (10.2) for lungs, 0.43 for liver and 2.0 for spleen, pointing
out the SAM formulation exposure to the lung was drastically
higher in comparison to liver and spleen. The results showed
that the microspheres are more concentrated at the target site,
lungs (Figure 11).

Stability testing
Stability testing was carried out to prove the formulation is
stable under different environmental factors such as humidity
and temperature. The drug loaded albumin microspheres
(SAM) was filled and packed tightly in amber color vials and
exposed to stability testing according to International
Conference on Harmonization (ICH) guidelines [54]. The
packed vials were kept at three different conditions such as (5
± 2°C), (25 ± 2°C) and (40 ± 2°C/ 75 ± 5% RH) for one year.
The formulation was analysed for physical appearance, drug
content and particle size. The drug content varied between 3 to
5%, however, it was within a range. The product were stable
and no change was observed under (5 ± 2°C) and (25 ± 2°C).
However, at (40 ± 2°C/ 75 ± 5% RH) the formulation
witnessed liquefaction (Figure 6). There was no variation in the
particle size. Based on the report generated from Sigma plot
software salbutamol lost its 10% activity and retains the 90%
(t90 = 34.2 months).

Conclusion
Salbutamol-loaded albumin optimized microspheres were
prepared using patented novel technology Buchi Nano Spray
Dryer B-90 that enabled narrow and shriveled particles with
small sample volume, higher yield and good drug content.
Microspheres found to release drug to a maximum extent in
vitro up to 12 hours and were further verified to release the
drug in animal model preferable to target lungs than other liver,
spleen and blood. Microspheres have a great potential to
revolutionize delivery of active compound. This study adds to
the previously significant area of site-specific drug delivery
systems by slightly modifying the process parameter procedure
in preparation of microspheres.
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