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Abstract: A general aim of the research was to develop a technology of manufacturing microspheres with losar-
tan potassium as an active substance, and Eudragit L30D55 as a matrix with the use of spray drying technique.
During the first step of the study, optimal values of parameters in spray drying process were established (i.e.,
operating temperature, peristaltic pump performance, aspiration value). Those values have a crucial effect on
morphological parameters, and the size and homogeneity of received particles. In the obtained microspheres,
the activity of excipients, which modify morphological properties of microspheres, were tested. Additionally,
we studied the impact of the type and amount of plasticizer, as well as the amount of an adopted polymer in
proportion to dry matter of losartan potassium, on quality of final product. Triethyl citrate and citric acid, plas-
ticizers tested in reported studies, were also verified. A detailed study of the influence of both plasticizers on
the qualities of microspheres containing losartan potassium on Eudragit L30D55 matrix indicated a positive
influence of triethyl citrate and a negative influence of citric acid on morphological properties, shape and size
of particles. The application of optimal parameters of spray drying and triethyl citrate as a plasticizer in the
amount of 10 to 15% allows to obtain microspheres from 1.27 to 7.24 ym.

Keywords: microspheres, losartan potassium, spray drying, spray drying parameters, influence of plasticizers

Microspheres belong to a modern multi-com-
partment drug formulation, used in contemporary
therapy for a controlled and targeted action of med-
ication (1). They may be treated as a drug formula-
tion with a modified release, which should deliver
the medication in a strictly specified concentration,
and to a site within a given, fixed time (2). The
advantages of microspheres are: biocompatibility,
an extended release profile and ability to incorpo-
rate unstable substances, such as proteins and
nucleic acids, into a polymer matrix (2-6). Due to
the size and shape of microspheres, controlling of a
polymer matrix decay rate and a medicine release
rate is also possible (5, 7, 8). Morphological prop-
erties of microspheres should fulfill published
parameters, which means that the final product is
monolithic, smooth and porous (1, 12), has spheri-
cal shape, and its size fits into the range from 1 to
500 pm (12).
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Spray drying is a closed single phase process in
which we can obtain a substance in a solid form from
liquid output product (solution, suspension, and
rarely emulsion) (2, 9, 10-12). This method enables
to generate particles smaller than 10 ym (13).

In order to obtain the end product with
required properties, the parameters of the process
must be carefully selected. Almost each parameter,
which is modified during the spray drying process,
has a smaller or bigger effect on the obtained end
product (2, 14, 15). The size of dried particles
depends on the nozzle shape, on the indicator of
feedstock, and conditions of the process (16). The
humidity content is an indicator of the end product
quality in a process of spray drying (17). The effi-
ciency is very important for the progress of a total
spray drying process, and it is determined as a pro-
portion of the mass of a substance being dried to the
end product mass (10).
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Active substances and excipients used in the
study

Losartan potassium is an antagonist of a recep-
tor to angiotensin II, which is applied mainly in a
therapy of mild and moderate hypertension and car-
diac failure (18, 19).

Polymer matrix Eudragit® and plasticizers
were used as excipients, which have an influence on
morphological properties, shape and size of parti-
cles, and flexibility of manufactured matrixes.

Eudragit L30D55 is a 30% hydrodispersion of
polymer in water. The proportion of free ester
groups to carboxylic groups is 1 : 1. It dissolves in
pH over 5.5 creating salts with bases. This allows to
obtain a coating which is not soluble in acidous gas-
tric juice and it dissolves in alkaline intestinal juice
(20).

Eudragit® copolymers function as polymer car-
riers because they are characterized by the following
required properties: they are biocompatible, do not
induce toxic effects, undergo degradation in physio-
logical conditions, and reveal low index of polydis-
persion that indicates the homogenous length of
polymer chains (21).

Plasticizers are a separate group of additives
that were used in the study. Addition of plasticizer
has an influence on flexibility, strength, and adhe-
sive properties of received polymer coatings.
Plasticizers affect also the penetration of active sub-
stances through a polymer coating. The type and
quantity of plasticizer that is used allow to optimize
the profile of release from the drug formulation
(22-24).

The aim of this work was to establish the influ-
ence of spray drying parameters on a progress in
drying process of losartan potassium hydrodisper-
sion on Eudragit L30D55, and to establish parame-
ters for obtaining microspheres of optimal size and
homogeneity. We also evaluated the additives
effect, that is the effect of the type and quantity of
used plasticizer and polymer in proportion to dry
substance of losartan potassium on a size and mor-
phology of obtained microspheres.

EXPERIMENTAL

Materials and reagents

The substances that were used in study are:
losartan potassium (Valeant, ICN Polfa Rzeszéw
S.A.), triethyl citrate (Sigma-Aldrich Chemie
GmbH), citric acid (PPH ,,POCH” S.A.), Eudragit®
L30D55 dispersion 30% w/w (Chemical/I[UPAC
name: Poly(methacrylic acid-co-ethyl acrylate) 1 :
1), (Degussa).

Technology of microspheres preparation

The method of spray drying was used to pre-
pare microspheres with losartan potassium. Thirty
percent w/w hydrodispersion of methacrylic acid
copolymer — Eudragit® L30D55 with losartan potas-
sium and/or plasticizer was subjected to drying. A
spray drier Biichi Mini Spray Dryer B-191 was
used. Spray drying was conducted by the use of a
nozzle with a diameter of 0.7 mm, with an air flow
rate of 600 L/h and pressure of 4 bar. Created
microspheres were separated in a cyclone and col-
lected in a collector.

In order to obtain a product with appropriate
morphology, firstly, the parameters of spray drying
were determined (spray drying was conducted using
variable values of pump capacity, inlet temperature
and aspirator capacity). Next, we studied the influ-
ence of added plasticizer to a polymer in terms of
polymer dry matter.

Experimental selection of spray drying parame-
ters

In order to establish optimal parameters for this
process, spray drying involved the use of series of
water suspension of losartan potassium and Eudragit
L30D55 in proportion 1 : 1. To select optimal con-
ditions of spray drying process, the following
parameters were modified: input temperature of dry-
ing gas, aspirator capacity and peristaltic pump per-
formance.

Spray drying process of losartan potassium on
Eudragit L30D55 hydrodispersion was carried out in
the following input temperatures: 120, 130, 140,
150, and 160°C. The flow rate through the peristaltic
pump was also modified and its performance was
established at the level of: 10, 15, 20, 25, 30, 40, and
50%. Another parameter that was modified during
our study was aspiration capacity. During the
progress of a spray drying process, the aspirator
capacity was equal to 60, 70, and 80%. Each spray
drying process involved collection of a product, esti-
mation of mass, size and morphology of particles as
well as the evaluation of process efficiency.

On the basis of initial experiments, the follow-
ing parameters were chosen: the peristaltic pump
performance at the level of 10%, the inlet tempera-
ture of 150°C, and the aspirator capacity of 80%.

Size measurement and determination of micros-
pheres morphology

Observations of sample microstructure was
performed by a high resolution scanning electron
microscope (SEM), SUPRA 25, ZEISS. This micro-
scope can analyze WDS and EDS systems at 20 kV.



Influence of spray drying manufacturing parameters on quality... 835

The analyzed materials were observed with magni-
fication of 1 kx, 5 kx, and 10 kx. A secondary elec-
tron detector was used to analyze the image.

The size of particles was assessed with the use
of image analysis software provided by the micro-
scope manufacturer (ZEISS). The photographs of
microspheres structures were taken with magnifica-
tion of 1 kx, 5 kx, 10 kx. Particle size measurements
were made at the magnification of 10 kx in a number
of visual fields, evaluating the size of any selected 20
microspheres (10 bigger and 10 smaller particles)

Study of the influence of the amount and type of
plasticizer on the particles morphology

The study assessed the influence of the type
and amount of added plasticizer on the morphology
and size of obtained microspheres. For plasticizers,
triethyl citrate and citric acid were selected for the
study. Suspensions of losartan potassium on
Eudragit L30D55 in 1 : 1 ratio and plasticizer were
subjected to spray drying. Triethyl citrate was added
in the proportion of 2, 5, 10, and 15% to dry matter.
Citric acid was added in the proportion of 0.5, 1, and
2% to dry matter. For comparison, suspensions of
losartan potassium on Eudragit L30D55in1:1,1:
2, and 1 : 3, without plasticizer were subjected to
drying. The whole process was conducted at prede-
termined parameters, that is with the pump perform-
ance of 10%, inlet temperature of 150°C, and aspi-
ration of 80%.

Study of the influence of the amount of applied
polymer in proportion to losartan potassium dry
matter on the size and morphology of particles
Four water solutions of losartan potassium,
Eudragit L30D55 and triethyl citrate were used in
spray drying. We observed a change in the amount
of polymer, and the proportion of an active sub-
stance to a copolymer, namely 1:1,1:2,1:3,1:
4. To each solution, plasticizer was added, i.e., 10%

of triethyl citrate, in relation to dry matter. The com-
position of formulations is presented in Table 1.

RESULTS

Optimization of spray drying parameters.

To select the optimal conditions of spray dry-
ing process, the following parameters were modi-
fied: input temperature of drying gas, aspirator
capacity and peristaltic pump performance.

Each spray drying process involved collection
of a product, estimation of mass, the size and mor-
phology of particles as well as the evaluation of
process efficiency. The selected results are present-
ed in Table 2.

Figures 1 and 2 show the selected micros-
pheres images made by a scanning microscope at
magnification of 10000x dried at variable parame-
ters of conducted process.

The experiments enabled the selection of the
most optimal conditions of spray drying of losartan
potassium with Eudragit L30D55. The aim of the
selection was to obtain optimal efficiency of this
process, but predominantly to obtain particles of
optimal morphology. The following parameters
were the most adequate, and were used in the further
studies, input temperature of drying gas: 150°C,
peristaltic pump performance: 10% and the capacity
of aspirator: 80%.

Analysis of the influence of plasticizer addition

The analysis involved the verification of the
influence of plasticizer addition on morphology,
shape of microspheres, and efficiency of spray dry-
ing process. Triethyl citrate and citric acid were used
as plasticizers for comparison. The spray drying
process was conducted with addition of plasticizer
(samples F4-F10) and without plasticizer addition
(samples F1-F3) at previously established parame-
ters of drying.

Table 1. The quantitative composition of the substances used in particular formulations.

Proportion Losartan Water 30% w/w dispersion of Dry matter of Triethyl
dru .p olvmer potassium amount volume Eudragit L30D55 Eudragit L30D55 | citrate volume
& poly [mg] [mL] amount [mg] amount [mg] [mL]
1:1 200.00 100 666.67 200.00 35.09
1:2 200.00 100 1333.33 400.00 52.63
1:3 200.00 100 2000.00 600.00 70.18
1:4 200.00 100 2666.67 800.00 87.72

*Triethyl citrate density is 1.04 g/cm’, in this part of study triethyl citrate was used in proportion of 10% in relation to the dry matter of
losartan potassium and Eudragit L30D55.
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1 pm* EHT = 20.00 kV
WD= 15mm

Signal A = SE2
Mag= 1000 KX

Figure 1. Photo, made by the scanning electron microscope
(SEM), of microspheres in proportion losartan potassium :
Eudragit L30D55 1 : 1 dried in parameters: inlet temperature
150°C, delivery of a pump 20%, aspirator capacity 70% (magnifi-
cation 1000x)

Microspheres dried with addition of triethyl
citrate had an optimal size and shape, which is espe-
cially clear in the case of samples where the plasti-
cizer addition was 10% and 15%, respectively.

Triethyl citrate had also a beneficial effect on
the size of microspheres, there was only a slight
reduction of average particle size and improvement
in a quality of microspheres. The increase of effi-
ciency of the process was noticed in samples to
which plasticizer was added in the amount of 5, 10,
and 15%. The drying efficiency was improved at a
level of 5%. The best effect on both, the process
efficiency and morphology of achieved micros-
pheres had an addition of plasticizer in the amount
of 10% in terms of dry matter of losartan and
Eudragit L30D55. The same amount of triethyl cit-
rate was used in further studies. The detailed data on
efficiency as well as the average size of particles,
and a detailed description of morphological parame-
ters of obtained microspheres after addition of tri-
ethyl citrate are shown in Table 3.

Citric acid had a negative effect on all parame-
ters of spray drying process of losartan potassium
with Eudragit L30D55. Each addition of plasticizer
caused deterioration of particle morphology, and
had a negative effect on process efficiency. The
average size of particles increased but the quality of
obtained microspheres deteriorated. The microscope
image presents a great number of irregular particles
and forms of non-spherical structure. The efficiency
of the process after adding citric acid decreased to
25%. The detailed data on the efficiency of the
process, size and morphology of particles are pre-
sented in Table 4.

1 pm* EHT = 20.00 kv
WD= 14mm

Signal A = SE2
Mag= 10.00 K X

Figure 2. Photo, made by the scanning electron microscope
(SEM), of microspheres in proportion losartan potassium :
Eudragit L30D55 1 : 1 dried in parameters: inlet temperature
150°C, delivery of a pump 10%, aspirator capacity 80% (magnifi-
cation 1000x)

In case of microspheres obtained without addi-
tion of triethyl citrate, we can observe the Eudragit
L30DS55 crystals (“broom shaped” structures that are
visible on the image of sample F9), which cannot be
seen in a microscope image of microspheres dried
with addition of triethyl citrate.

Increased amount of polymer negatively affect-
ed the quality of obtained microspheres: the size of
particle increased and the morphology deteriorated.
Particular data on efficiency of the process, size and
morphology of particles are shown in Table 5.

Figures 3 and 4 present the comparison of
microspheres dried with addition of triethyl citrate
in amount of 10% in terms of dry matter of losartan
potassium and Eudragit L30D55 in proportion 1 : 1
in comparison to microspheres dried without addi-
tion of plasticizer.

Figures 3A, 4A, 3B and 4B illustrate respective
microspheres with and without addition of plasticiz-
er.

Influence of the amount of applied Eudragit on
size and morphology of achieved microspheres

The process involved drying of losartan potas-
sium suspensions on Eudragit L30D55 in the pro-
portion of 1 : 1 to 1 : 4; to each formulation triethyl
citrate was added in the amount of 10% in terms of
dry matter. The obtained product was collected in a
collector, weighed and its size and morphology were
determined by a scanning microscopy technique.
The results are presented in Table 6.

Figures 5 and 6 show selected scanning elec-
tron microscope images of microspheres, for sam-
ples presented in Table 6.
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1 pm EHT =20.00 kV

Signal A = SE2
H WD= 14mm

Mag= 10.00KX

1 pm EHT = 20.00 kV/
WD= 14mm

Signal A = SE2
Mag= 10.00KX

Figure 3. Photo, made by the scanning electron microscope
(SEM), of microspheres in proportion losartan potassium :
Eudragit L30D55 1 : 1. (3A contains the addition of triethyl citrate
(sample F6 from Table 4), 3B without plasticizer (sample F1 from
Table 1)

DISCUSSION

The method of spray drying was used in this
study to obtain microspheres with losartan potassi-
um. Losartan potassium, the antagonist of an
angiotensin II receptor, was used as a standard
active substance (model substance). The medication
was incorporated into the polymer matrix containing
Eudragit L30D55 and plasticizer, i.e., triethyl citrate
with established experimental content of 10%. The
optimization of the spray drying process and deter-
mination of the optimal amount and type of used
plasticizer were tested.

The research enables to evaluate the influence
of peristaltic pump performance on morphology of
the received end product. In all temperatures under
investigation (140-160°C), a disturbance in particle
morphology together with the increase in peristaltic
pump performance can be observed. The most
spherical forms were obtained by peristaltic pump

1 pm EHT = 20.00kV
H WD= 15mm

Signal A = SE2
Mag= 10.00K X

1pm EHT = 20.00 kv
WD= 15mm

Signal A = SE2
Mag= 10.00KX

Figure 4. Photo, made by the scanning electron microscope
(SEM), of losartan potassium microspheres : Eudragit L30D55.
On the left side of microsphere in proportion losartan potassium :
Eudragit L30D55 1 : 1 with addition of citric acid in amount of
10% of dry matter drug : polymer (sample F9 from Table 5 — Fig.
4A), on the right side without addition of plasticizer, proportion
drug : polymer 1 : 3 (sample F3 from Table 6 — Fig. 4B)

performance at 10%. The increase of the delivery of
a peristaltic pump, was accompanied by the
increased size of microspheres. The efficiency of
this process deteriorated when values of pump per-
formance increased.

Similar results were obtained by Esposito et al.
(25). They observed that application of a flow rate of
0.5 mL/min led to creation of spherical forms with
smooth surfaces, whereas, the increase of a flow rate
to 5 mL/min disturbs particle morphology, resulting
in the formation of particles with more irregular sur-
faces. At the same time, they drew the attention to
depositing large quantities of the end product on the
cyclone walls. Billancetti et al. (26), by decreasing
the flow rate of liquid through the pump, reached a
slight improvement of the pump performance,
which is compatible with the experimental results of
losartan potassium drying.

The study allows to select the optimal condi-
tions for spray drying of losartan potassium with
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1 pm* EHT = 20.00 kV
WD= 19mm

Signal A= SE2
Mag= 1000KX

1 pm* EHT =20.00 kv

Signal A= SE2
H WD= 19mm

Mag= 1000 KX

Figure 5. Photo, made by the scanning electron microscope
(SEM), of microspheres in proportion losartan potassium :
Eudragit L30D55 1 : 1 with addition of triethyl citrate in amount
of 10% of dry matter drug : polymer ( sample W1 magnification
10000x)

Eudragit L30D55. The most adequate parameters
that were used for further study are: input tempera-
ture of drying gas of 150°C, peristaltic pump per-
formance: 10%, and aspirator capacity of 80%.
Application of these values enables to obtain almost
42% of end product efficiency, and ensures spheri-
cal morphology of particles.

The addition of plasticizer was also estimated
in the study. The research of Rujivipat and
Bodomier (27) proved that matrixes containing
copolymer of metacrylic acid were not flexible
enough and require the presence of plasticizer.
Correspondingly to the study of Sawicki and
Makulec (24), triethyl citrate was used, whereas cit-
ric acid as a plasticizer was tested in the study of
Szymanska and Winnicka (2). Triethyl citrate was
added in the proportion of 2, 5, 10, and 15% to dry
matter of losartan potassium formulation: Eudragit
L30DS55 in proportion of 1 : 1. Citric acid was added
in proportions of 0.5, 1, and 2% to dry matter of
losartan potassium formulation: Eudragit L30D55 in
proportion of 1 : 1. The morphological properties of
the end product, and efficiency of reaction were
accepted as the criterion of assessment.

The research has shown a positive influence of
triethyl citrate on morphology and efficiency of
microspheres, and a negative influence of citric acid
on both parameters. The obtained microspheres
dried with addition of triethyl citrate were character-
ized by an expected size and shape, corresponding-
ly to the published standards. Triethyl citrate should
be used in the quantity of 10 to 15%. We observed
an increase in efficiency of the process in samples

Figure 6. Photo, made by the scanning electron microscope
(SEM), of microspheres in proportion losartan potassium :
Eudragit L30D55 1 : 3 with addition of triethyl citrate in amount
of 10% of dry matter drug : polymer ( sample W3 magnification
10000x)

with added plasticizer in the amount of 5, 10, and
15%, and at these values the efficiency of drying
improved approximately by 5%. Snejdowa et al.
(28) suggest that added plasticizer could constitute
as much as 30% of formulation. In their work,
Sawicki and Makulec (24) claimed that triethyl cit-
rate had a positive influence not only on particle
morphology but also it improved the adhesive prop-
erties, and increased the flexibility of polymer
matrixes.

Citric acid had a negative influence on all
parameters of spray drying process of losartan
potassium on Eudragit L30D55. Addition of this
plasticizer resulted in deterioration of particle mor-
phology, and had a negative influence on the effi-
ciency of the process. The average size of particles
increased but the quality of microspheres deterio-
rated.

CONCLUSIONS

1. Application of spray drying technique to produce
microspheres with losartan potassium as an
active substance on the Eudragit L30D55®
matrix, allows to obtain particles with beneficial
morphological parameters and a particle size.

2. The most beneficial morphological parameters of
microspheres were obtained with the following
parameters of spray drying: inlet temperature of
150°C, delivery of a peristaltic pump of 10%,
aspiration value of 80%.

3. In order to improve the morphological properties
of microspheres, plasticizers such as triethyl cit-
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rate and citric acid, whose tests were reported in
the literature, were verified.

A detailed study of the influence of both plas-
ticizers on the properties of microspheres with
losartan potassium on Eudragit L30D55 matrix
indicated a positive effect of triethyl citrate and a
negative effect of citric acid on morphological
properties, shape and particle size.

4. Application of optimal parameters of spray dry-
ing and triethyl citrate as plasticizer in amount of
10 to 15% enables to obtain microspheres from
1.27 um to 7.24 pm.
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