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Abstract
The use of dry powder formulations presents an alternative through which to achieve better deposition and residence ti-

me in the nasal cavity, increased stability and possible absorption enhancement. The most important factors involved in

the preformulation are particle size and physical stability. Propranolol hydrochloride a model drug was subjected to

spray-drying technology to form an intranasal dry powder. Particle size reduction of the drug was carried out by integra-

tion (spray-drying) methods, using different excipients. The micrometric properties were characterized by size and

morphology. The structure was determined through the use of differential scanning calorimetry, X-ray powder diffrac-

tion and Fourier transform infrared spectroscopy investigations. It was concluded that the intranasal dry powder formu-

lation of propranolol hydrochloride can be achieved with a suitable particle size without polymorph modification or

chemical decomposition.
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1. Introduction
An important objective of original and generic drug

research is to find new alternative pathways for the intro-
duction of drugs into the human body in order to achieve a
systemic effect.

Research has recently interest focused on delivery
via the nasal route as this has a number of advantages,
such as a rich blood supply, a large surface area for drug
absorption and a comparatively good possibility of blood-
brain barrier penetration.1–3 Regulatory guidelines (the
Food and Drug Administration and the European Medici-
nes Evaluation Agency) recommend particles or droplets
of around 10 μm and above, or fine particle formulations
(5–10 μm), tested by laser diffraction-based particle size
analysis.4–6 Several investigations have demonstrated po-
sitive results for the nasal delivery of mucoadhesive mi-

croparticulate systems, i.e. micron-sized particles of drug
and excipients or microcomposites/microspheres, in com-
parison with liquid formulations or the pure drug.7–9

Mucoadhesive polymer-based microparticles have a
number of advantages: they increase the bioavailability of
poorly soluble drugs, increase the stability of active sub-
stances which have low stability in an aqueous phase, and
behave considered as carriers for the nasal membrane
transport process.10–13

Various potential additives, both absorption promo-
ters and mucoadhesive agents, have been evaluated from
the aspect of overcoming the problems of nasal formula-
tions. Sodium hyaluronate (a mucopolysaccharide consi-
sting of repeating units of D-glucuronic acid and N-
acetyl-D-glucosamine, found in the extracellular tissue
matrix) has an excellent mucoadhesive capacity, and is an
ideal biomaterial for pharmaceutical applications due to
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its advantages as concerns biocompatibility, non-immu-
nogenicity, biodegradability and viscoelasticity, and it
may be used with polyethyleneglycol (PEG) (a solubilizer
and stabilizer) in the formulation of a bioadhesive drug
delivery system (as microspheres). To achieve a uniform
particle size and to prevent the aggregation of reduced
particles, the application of a carrier-based spray-drying
technique involving the use of additives may be necessary.
Mannitol, as a hydrophilic carrier which ensures the ho-
mogeneous distribution of the drug in products and provi-
des stabilization during the spray-drying process, is fre-
quently used in co-spray-dried systems (as microcomposi-
tes).14–17

Propranolol hydrochloride (PHCl), a β-andre-
nergic-blocking agent, is widely used in the treatment of
hypertension, angina pectoris, arrhythmias and other
cardiac conditions. It is highly hydrophilic and is almost
completely absorbed after oral administration. However,
much of the drug is metabolized by the liver during its
first passage through the portal circulation; on average,
only about 25% reaches the systemic circulation. Its so-
lubility is pH dependent: at pH 1.2 it is 225 mg ml–1 and
at pH 6.8 it is 130 mg ml–1. At present, only PHCl injec-
tion, oral solution and tablets are available as dosage
forms for patients. The nasal administration of the drug
in aqueous solution has been shown to result in a similar
bioavailability as that following intravenous administra-
tion.18–22 The solubility of PHCl in water is 1:30, and the
pH of this solution is between 5 and 6. The ideal solution
pH for application to the nasal mucosa is between 6 and
7.5 but at these higher pH levels PHCl trends to decom-
pose.23–25

The objective of the present work was a preformula-
tion study of solid nasal products containing PHCl with a
suitable particle size achieved through the use of an inte-
gration method with different excipients (mucoadhesive
polymers and carrier). The advantage of this procedure is
the one-step process to decrease the size and reach the fi-
nal solid form of the drug for nasal administration meet
with the regulatory guidelines.

2. Materials and Methods

2. 1. Materials
Propranolol hydrochloride (PHCl) (Microsin, Ro-

mania), β-D-mannitol (M) (Hungaropharma, Budapest),
sodium hyaluronate (Na-HA) (PannonPharma, Hungary),
and PEG 6000 (PEG) (Fluka, Germany).

2. 2. Methods

Sample preparation by the integration method
Aqueous solutions of PHCl (4 m/m %) and of PHC-
l (4 m/m %) + M (4 m/m %) were spray-dried (denoted, as
PHCl-spd and PHCl+M-spd in the text) by using a Büchi

Mini Dryer B-191 (Switzerland) with a 120 °C inlet and a
70 °C outlet temperature; the aspirator capacity was 60%,
the aspirator pressure was –25 mbar (i.e. lower by 25
mbar than atmospheric pressure), the feed rate was 0.065 l
h–1 and the flow rate was 750 l h–1. We have also applied
the same procedure to form microcomposites (PHCl
mcomp) containing PHCl (500 mg), PEG (500 mg) and M
(500 mg), with Na-HA (300 mg) as carrier (Table 1).

Table 1. Composition of aqueous solution (ad 50 g) for spray-drying

Sample PHCl M Na-HA PEG 
name [[mg]] [[mg]] [[mg]] [[mg]]

PHCl-spd 2000 – – –

PHCl+M-spd 2000 2000 – –

PHCl-mcomp 500 500 300 500

Particle size analysis
The particle size distributions of the dried samples prepa-
red with a dry dispersion unit were estimated by laser dif-
fraction (Malvern Mastersizer Scirocco 2000, Malvern
Instruments Ltd., UK). In the dry analysis method, air
was used as the dispersion agent for the sample particles
from the inlet to the sample cell. Approximately 2 g sam-
ples of the products were loaded into a feeding tray. The
dispersion air pressure was adjusted to 2.0 bar in order to
determine whether particle attrition had occurred. Bet-
ween 10.0% and 13.0% obscrurtion was achieved throug-
hout the entire measurement. At least three repeat measu-
rements were made on each sample, and the mean value
was calculated. The residual value was always <1.0%.
The products analysed in the vacuum cleaner were col-
lected for further studies once the dry analysis had been
completed.

Morphology
The morphology of the particles was examined by scan-
ning electron microscopy (SEM) (Hitachi S4700, Hitachi
Scientific Ltd., Japan). A sputter coating apparatus (Bio-
Rad SC 502, VG Microtech, England) was applied to in-
duce electric conductivity on the surface of the samples.
The air pressure was 1.3–13.0 mPa.

Differential scanning calorimetry (DSC)
The DSC measurements were made with a Mettler Toledo
DSC 821e thermal analysis system with the STARe ther-
mal analysis program V9.1 (Mettler Inc., Schwerzenbach,
Switzerland). Approximately 2–5 mg of product was exa-
mined in the temperature range between 25 oC and 300 oC.
The heating rate was 5 oC min–1. Argon was used as the
carrier gas at a flow rate of 10 l h–1 during the DSC investi-
gation. DSC was employed to investigate the crystalliza-
tion behaviour and the melting behaviour of conventional
PHCl and the products. The measured crystallinity de-
pends on the size and the preparation procedure.
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X-ray powder diffraction (XRPD)
XRPD was carried out in order to determine the crystalli-
ne form of the produced materials. Samples were measu-
red with a Bruker D8 Advance diffractometer (Bruker
AXS GmbH, Karlsruhe, Germany). Data collection was
carried out at room temperature, using monochromatic Cu
K α1 radiation (α = 0.154060 nm) in the 2θ region bet-
ween 3° and 50° in 0.02 steps. Data were evaluated with
the Bruker program EVA.

Fourier transform infrared spectroscopy (FT-IR)
FT-IR spectra were measured on an Avatar 330 FT-IR ap-
paratus (Thermo Nicolet, USA), in the interval 400–4000
cm–1, at an optical resolution of 4 cm–1. Standard KBr pel-
lets were prepared from 150 mg of KBr and 0.5 mg of the
drug compressed at 10 tons.

3. Results and Discussion

3. 1. Micrometric Properties
Microparticles with different sizes and forms were

made by the integration (spray-drying) method, and the
particle size distributions were examined by laser diffrac-
tion and the results are shown in Table 2. The particle size
analysis revealed that the size of the raw PHCl particles was
around 40 μm. The particle size of PHCl+M-spd was higher
than those of PHCl and PHCl spd, probably because of the
recrystallization of the excipient M after the drying proce-
dure. A relevant particle size decrease was observed in the
case of PHCl-mcomp, where only 10% of the particles we-
re larger than 10 μm, which means that this material is sui-
table for nasal application, because regulatory guidelines
recommend fine microparticles between 5–10 μm.

The SEM pictures of the raw substances (Fig.1a)
show the large, dimensional particles, with a smooth sur-
face for the PHCl particles (A) and a rough surface for the
M particles (B). 

Figure 1b reveals that the spray-drying method led
to smaller particles, reflecting the results of the particle si-
ze analysis. The particles with (B) or without mannitol
(A) have irregular shapes and uneven surfaces. The micro-
composites (C) presented the best morphological charac-
ters: an ideal size (5–10 μm), a roundshape, and a smooth,
flat surface, appropriate for nasal application. The morp-
hology and size could be important by the application (i.e
flowability) of the powder sample and by the mucoadhe-
sion on the nasal surface. With nasal breathing, nearly all
particles with a size of 10–20 μm are deposited on the na-
sal mucosa, those less than 2 μm pass through the nasal
cavity and deposit in the lungs. If drugs are introduced as
soluble particles they may readily pass into the nasal li-
ning secretions and then be absorbed into the blood. The
particles with (B) or without mannitol (A), have irregular
shapes and uneven surfaces. 

3. 2. Structural Analysis

PHCl exists in three different crystalline forms, de-
noted as forms I, II and III, with decreasing melting tem-
peratures, respectively. The commercial product used was
modification II.26

DSC was utilized to investigate the structure and
physico-chemical characteristics of PHCl in the raw form
and of the obtained microparticles. Figure 2 depicts the
DSC curve of the raw PHCl, which shows one endother-
mic peak at 163.58 °C, corresponding to the melting point

Table 2. The particle size distributions of the dried samples

Samples D 0.1 (μm) D 0.5 (μm) D 0.9 (μm)
PHCl 8.5 38.4 137.9

PHCl-spd 4.1 18.9 145.4

PHCl+M-spd 10.0 67.3 275.2

PHCl-mcomp 3.1 5.7 10.0

Figure 1a. SEM pictures of raw PHCl (a) and β-D-mannitol (b) 

a) b)
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Figure 1b. Morphology by SEM of PHCl-spd (a), PHCl+M-spd (b) and PHCl-mcomp (c) 

a) b)

c)

Figure 2. DSC curves of propranolol hydrochloride and the prepared samples
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of polymorphic modification II (Table 3). DSC analysis of
PHCl-spd yielded nearly the same curve as before, and
hence the spray-drying did not affect the crystal structure
of the drug. In the presence of the excipients, β-D-M was
present as its α and δ modifications. In this formulation,
the melting point of PHCl was lower. It is presumed that
the drug dissolved in the melted excipients (Table 3.).

PHCl-spd and PHCl exhibit the same peaks corres-
ponding to the major functional groups in PHCl. Thus
the spray-drying procedure did not influence the struc-
ture of the drug. The spectra of PHCl-mcomp and
PHCl+M-spd do differ slightly, because of the present
of excipients but no major interaction was observed
between the drug and M or the other substances used in
the microcomposite. 

X-ray powder diffraction curves are presented in Fi-
gure 4. The results obtained after processing the Powder
Diffraction File (PDF) database indicated that the maxima
and their intensities in the curves of the size-modified par-
ticles were not changed in comparison with the curve of
the starting PHCl. The XRPD curves of the product mi-
croparticles contain characteristic peaks of raw PHCl,
which display similar X-ray diffraction peaks, but at lower
intensity. 

The characteristic peaks of PHCl appear at diffrac-
tion angles 2θ of 12.510° and 17.195°. 

To summarize the structural characterizations, the
drug and the excipients were in dissolved form before the
drying procedure. After the spray-drying procedure, the
recrystallization of the PHCl and M was detected. The
drug was present in stable crystalline form II. The M was
transformed to the α and δ modifications. The three poly-
morphic forms of M exhibit unique peaks including; alpha
(9.57° and 13.79 °), beta (10.56°, relatively intense peak
at 14.71°) and delta (extremely intense peak at 9.74° then
no peaks until 14.66° ).28

Figure 3. FT-IR spectra of PHCl and the samples

Table 3. Thermoanalytical data of the samples

Samples Integral Normalized Peak
(mJ) (J g–1) (°C)

PHCl –542.28 –123.24 163.58

PHCl-spd –479.92 –113.72 162.72

PHCl+M-spd –264.34 –55.77 159.77

PHCl-mcomp –64.76 –14.76 153.47

The polymorphic forms of PHCl were readily distin-
guished through their IR absorption bands in the interval
3600– 650 cm–1. The specific major bands of PHCl form
II are the peak at 1267.1 cm–1 due to the aryl alkyl ether at
and the peak at 771.42 cm–1 due to α-substitued naphtha-
lene.27

The FT-IR spectrum of PHCl and the samples are
shown in Figure 3. It may be seen that the maxima in
the PHCl spectra do not differ significantly from the
maxima for the samples studied. The FT-IR spectra of
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4. Conclusions

According to regulatory guidelines, the physico-
chemical properties of PHCl preformulated by a spray-
drying procedure are suitable for dry powder nasal appli-
cation where the critical parameter is the particle size (> 5
μm). This formulation of microcomposites containing
mucoadhesive Na-HA (ideal biomaterial for pharmaceuti-
cal applications due to its advantages as concerns biocom-
patibility, biodegradability and viscoelasticity), using
PEG (a solubilizer and stabilizer) and M (to achieve a uni-
form particle size and to prevent the aggregation) resulted
in acceptable morphology for intranasal administration.
The results obtained with the different analytical methods
used (DSC, FT-IR and XRPD) indicated that the PHCl has
a physically stable crystalline form in the samples.
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Povzetek
Uporaba formulacij na osnovi suhih zmesi prahov predstavlja zanimivo alternativo tako za doseganje u~inkovitej{e

dostave in dalj{ega ~asa zadr`evanja u~inkovin v nosni votlini kot tudi za izbolj{anje njihove stabilnosti ter obsega ab-

sorpcije. V okviru predformulacijskih {tudij je potrebno posebno pozornost nameniti zlasti velikosti delcev prahov in

fizikalni stabilnosti formulacije. Pra{ek za nos smo izdelali z metodo su{enja z razpr{evanjem, pri ~emer smo kot mod-

elno u~inkovino uporabili propranolol hidroklorid. Ustrezno velikost delcev u~inkovine smo zagotovili z izborom para-

metrov metode ter uporabo ve~ pomo`nih snovi. Izdelanim delcem mikrometrskih velikosti smo dolo~ili velikost in

morfolo{ke lastnosti. Njihovo strukturo smo nadalje ovrednotili z uporabo diferen~ne dinami~ne kalorimetrije, rent-

genske pra{kovne difrakcije in infrarde~e spektroskopije s Fourierovo transformacijo. Potrdili smo, da z opisano meto-

do lahko pripravimo pra{ke za nos z ustrezno velikostjo delcev, ne da bi pri tem pri{lo do polimorfnih modifikacij ali

kemijske razgradnje.


