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The distribution of oleic acid between Salbutamol base drug and the
solvent in metered-dose inhalers (MDI’s) has been investigated. The
equilibrium surfactant concentration in the drug dispersions has
been determined using a colorimetric method. The samples exam-
ined contained Salbutamol base drug particles and oleic acid dis-
persed in different propellant blends of freon 11 and 12. The maxi-
mum equilibrium concentration observed depended on the propel-
lant blend used. The propellant blend and the distribution of the
surfactant affected the dispersion stability. The effect of the surfac-
tant is illustrated by the adsorption isotherm for oleic acid onto the
Salbutamol particles. The results are correlated with zeta-potentials
and particle size measurements made on similar systems in order to
characterize the properties of surfactant stabilized MDI’s.
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INTRODUCTION

Inhalation aerosol devices such as metered-dose inhal-
ers (MDI’s), used in the treatment of asthma, consist of a
pressurized chamber containing usually a liquid propellant
mixture of freon 11 and freon 12, in which the active drug is
dispersed. The pressurized container is most often equipped
with a metered valve delivering a preselected dose of the
drug in the inhaled airstream. The inhalation aerosol formu-
lations require some surface active substances in order to aid
the formation and to enhance the stability of the dispersion.
The drug particles in the dispersion, being of precolloidal
size, have a tendency to sink or to float in the pressurized
container. It is thus important to identify the factors that are
predetermined for the dispersion stability and to find the
optimum type of the surfactant and its concentrations. Be-
cause of disadvantages resulting from too high surfactant
concentrations, it is desirable to control the critical stability
properties by keeping the concentration as low as possible.
High surfactant content may result in enhanced dissolution
of the drug and a subsequent recrystallization, resulting in
particle growth.

Unsaturated fatty acids have successfully been used to
stabilize nonaqueous dispersions (1-4). In order to optimize
the dispersion stability it is important to characterize the
adsorption mechanism in detail. With oleic acid a reorienta-
tion of the molecules at the particle surface has been found
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to occur followed by a multilayer adsorption at higher con-
centrations (1,4,5).

The pharmaceutical dispersions for MDI’s can be con-
sidered as nonaqueous, nonpolar, dispersions for which the
dielectrical constant is very low. Therefore the influence of
the surfactants on the stability of the dispersion is different
from that of aqueous dispersions. One consequence of this is
that only a very small amount of charged species can be
formed and stabilized in the pure anhydrous solvent and the
DLVO-theory is as such not applicable.

The propellants 11 and 12 contain various amounts of
fluorine and chlorine, which introduces differences in the
acid-base properties. We have chosen to relate the acid-base
properties by estimating the ratio of the values of the polar-
izability (o) and the dipole moment () of the molecules.
Drago and co-workers have used this ratio to define the soft-
ness and the hardness of the molecules (6,7). These aspects
of the aprotic propeilants 11 and 12 have been discussed in
detail in an earlier communication (8).

The aim of this investigation is to characterize the dis-
tribution of oleic acid between the Salbutamol base drug and
different propellant blends. In order to evaluate the influence
of the adsorbed layer on the macroscopic stability the results
are further related to measured zeta-potential and particle
size, which has been reported in detail elsewhere (8). This
report focuses on the adsorption of oleic acid onto the drug
particles providing a more elaborated insight to the factors
that control the stability of MDI’s.

EXPERIMENTAL

The concentration of free fatty acid in solution was mea-
sured using a colorimetric method, reported by Lowry and
Tinsley in 1976 (9). The method is based on the formation of
a free fatty acid complex with cupric acetate and the surfac-
tant. The formed complex absorbs UV-light at 715 nm,
which can be monitored by UV-spectroscopy.

The samples for the determination of free oleic acid
were prepared to comply with the samples for the zeta-
potential and particle size measurements (8). Each sample
contained 0.16 w-% of micronized Salbutamol base and dif-
ferent concentrations of oleic acid. The dispersion was left to
stabilize after preparation, and shaken by hand at regular
intervals for two days, before further treatment. A cream of
Salbutamol particles was formed at the liquid surface during
storage and the almost clear continuous phase was filtered
through a 0.2 pm Millipore Millex-FGS single use filter. In
order to keep the sample pressurized throughout the filtra-
tion procedure a filtration system was constructed, accord-
ing to the setup in Figure 1. Using the liquid densities the
corresponding volume could be obtained by weighing the
glass containers before and after treatment. The filtrated
phase was then allowed to evaporate through the continuous
working valve leaving only the surfactant unadsorbed and
eventually some dissolved Salbutamol in the container. The
remainder was then dissolved in benzene from which the
surfactant concentration was analyzed. The absorbance of
the cupric acetate complex was measured with a Schimazdu
UV-240 UV-VIS spectrometer at 715 nm and at 25°C.
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Fig. 1. The filtration system.

MATERIALS

The micronized drug used was a Salbutamol base pow-
der, 2-(tert-butylamino)-1-(4-hydroxy-3-hydroxymethyl-
phenyl)ethanol (Huhtamaki OY Leiras, Finland. lot 914098)
with a specific surface area of 8.8 m*g (B.E.T., nitrogen
adsorption). The surfactant used was oleic acid, cis-9-Octa-
decenoic acid, (MERCK 471, extra pure). The propellants
were trichloromonofluormethane (P11) and dichlorodifluo-
romethane (P12). The reagents used for the colorimetric
method were benzene, pro analysis from MERCK, Cupric
acetate, monohydrate from Sigma and Pyridin, 99% purity
from Sigma.

RESULTS AND DISCUSSION

At first we investigated if possible dissolved Salbutamol
drug could affect the concentration measurements. Two cal-
ibration curves were constructed, one containing some
amount of dissolved Salbutamol and one with only the sur-
factant in pure benzene. Using the same concentrations of
oleic acid as used in the MDI-samples (0—6 mM) no differ-
ences could be observed between the two calibration curves.
Hence the dissolved salbutamol drug did not affect the mea-
surements.
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No formation of dimers or polymerized fatty acids at
high concentration (4,10) was observed as deducted from the
linear intensity concentration relationship for each calibra-
tion curve. A reduction in the peak height at 715 nm of the
cupric acetate complex occurred only after equilibrating
with salbutamol base in MDI’s. This indicates that the re-
duced amount of oleic acid in the dispersion medium is due
to the adsorption of the surfactant onto the Salbutamol par-
ticles.

To verify that the oleic acid really had adsorbed onto
salbutamol we collected the particles left in the Millipore-
filters, during the filtration process, and analyzed these by in
situ measurements, using Diffuse reflectance Infrared spec-
troscopy (Kubelka Munck). A Bruker IFS 66, FRA 106 Fou-
rier transform infrared spectrometer was used. We could
from these measurements qualitatively observe a change in
the peak area for the CH;- and the CH,-groups (at 3005—
2850 cm ™), with the different amounts of oleic acid corre-
lating with the colorimetric method used.

The distribution of oleic acid between Salbutamol base
and different propellant blends was then determined, for dif-
ferent blends of freon 11 and 12, using the colorimetric
method. The initial surfactant concentration in these sam-
ples were 0—6 mmol/l. The amount of oleic acid adsorbed
onto salbutamol from pure freon 11 and from a 50:50 or 30:70
blend of propellant 11 and propellant 12 is shown in Figure 2.
It is clear that the type of dispersion medium plays an im-
portant role for the distribution of oleic acid between the
liquid phase and the Salbutamol particles. Equilibrium con-
centrations up to 6 mmol/l (or more) can be achieved in
propellant 11 but introducing the low boiling propellant,
freon 12, a limited equilibrium concentration is observed.
The maximum equilibrium concentration is further lowered
with the increase of freon 12, being about 2.9 mmol/l for the
50:50 blend and about 1.7 mmol/l for the 30:70 blend. The
results suggest that the limit of oleic acid dissolution in the
drug suspension depends on the propellant blend.

The influence of freon 12 on solubility is due to its in-
ferior solvent property compared with freon 11 (11). The
different acid-base properties of freon 11 and 12 also play a
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Fig. 2. The adsorption isotherm for sample series containing 0.16
w% Salbutamol! base. Adsorbed amount (mg oleic acid/g Salbuta-
mol) as a function of the equilibrium concentration oleic acid (mM).
The dispersion medium is P11 A, (50:50) O or a (30:70) O blend of
P11:P12.
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significant role. Freon 12, with the o/p.-ratio of 4.6 m*C 1, is
a harder molecule than freon 11, with the a/p-ratio of 6.3 (8).
The o/p-ratio affects the interactions between the particles
and the surfactant on the one hand and between the particles
and the solvent on the other hand. The more freon 12 the
dispersions contains the stronger the oleic acid is assumed to
adsorb onto the drug particles. We thus can say that both the
dispersion medium and the surfactant are competing for the
surface sites on the particles. Adsorption may involve the
formation of a monolayer, which would correspond to a con-
centration difference of approximately 0.004 mmol/l, be-
tween the equilibrium and the initial oleic acid concentra-
tion, if we assume horizontal adsorption. A monolayer of a
so-called two-point attachment would correspond to a reduc-
tion of approximately 0.07 mmol/l and a reduction of approx-
imately 0.13 mmol/l for vertical adsorption. These concen-
trations relate to 0.16 w-% Salbutamol base particles with
the specific area of 8.8 m%g (8) calculated from the area per
molecules given in the literature (2,4,5,12). In order to char-
acterize the adsorption to a monomolecular layer a sample
series containing an excess amount of Salbutamol, 1.0 w-%
instead of 0.16 w-% was prepared. The freon 11 and 12 ratio
was 30:70, and the initial concentration range of oleic acid
0-2 mmol/l. Instead of drawing the adsorbed amount against
the equilibrium concentration we applied a modified Lang-
muir isotherm equation to fit these results according to equa-
tion 1 (13):

m=mc+b )]

where (n,°/w) is the number of moles of solute (component 2)
adsorbed per unit weight of adsorbent, ¢ is the surfactant
concentration at equilibrium and m and b are constants. By
plotting c/(n,*/w) versus ¢ we received a straight line with the
slope m, as shown in Figure 3. We obtained the value 55.86
* 10° g/mole for the slope and 4.80 g/l for the intercept by
linear regression. The occupied area per molecule for oleic
acid could then be calculated for the saturation adsorption
using equation 2 (13):
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Fig. 3. The Langmuir isotherm for a sample series containing 1.0
w-% Salbutamol base. The equilibrium concentration oleic acid di-
vided by the number of moles of oleic acid adsorbed per unit weight
of Salbutamol base, {c/(n,*w)} [g/l], as a function of the equilibrium
concentration oleic acid, ¢ (mM).
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(n2° /W)sq, = Asp/NAUO 93]

where A, is the specific area of the adsorbent (8,8 m%/g), N,
is the Avogadro’s number and o is the occupied area per
molecule. The calculated value for ¢° was 81.6 A¥molecule,
which corresponds to a horizontal adsorption of oleic acid
(2,4,5,12). The equilibrium constant, K’, for the adsorption
reaction is defined as K * a,". K is a constant which can be

calculated from the Langmuir curve according to equation 3
(13):

K=— 3)

and a,” is the activity of the solvent (component 1) in the
solution. We can assume that the activity of the solvent is
constant in the system during the adsorption reaction and
therefore a,® ~ 1 and K ~ K’. We received the value 11.6 *
10° I/mole for K. The value for K could then be used in
equation 4 (13):

8, = Kazb (4)
2= Kazb + 1

where a,’ is the activity for the surfactant (component 2) in
the solution. By replacing the activity with the concentration
we were able to plot the fraction of the surface occupied by
the surfactant, 6,, as a function of the surfactant concentra-
tion for this system (Figure 4). We can see that the curve
levels out at about 0.7-0.8 mM, which means that the mono-
layer is almost completed at this concentration.

The zeta-potential has been shown to be a reliable indi-
cator of the stability and of the acid-base property of non-
aqueous dispersions (1,3,14-22). We had previously modi-
fied a cell that made it possible to measure the zeta-potential
directly from a pressurized MDI. Here we measured the
zeta-potential of micronized Salbutamol base suspended in
different propellant blends of freon 11 and 12 using Malvern
Zetasizer llc particle electrophoresis analyzer and a modi-
fied Malvern ps26 nonaqueous cell. The samples measured
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Fig. 4. Schematic plot of the Langmuir equation showing the frac-
tion of the surface occupied by the surfactant, 9,, as a function of the
concentration, ¢ (mM).



718

had the same composition as those in Figure 2. The zeta-
potential initially increased to a maximum with increasing
oleic acid concentration at low surfactant concentrations. By
increasing the surfactant concentration well beyond this
maximum the dispersions became unstable, as a result of
increased particle size, measured by laser diffraction Mal-
vern 2600c particle sizer (8). The maximum zeta-potentials
obtained are shown in Table I. It can be seen that the max-
imum zeta-potential for the 30:70 blend is reached at about
0.7 mM, i.e., at the same concentration range where the
monolayer was completed.

To clarify the effects we have plotted the zeta-potentials
alongside the equilibrium concentration of oleic acid in Fig-
ure 5. The propellant ratio 30:70 is chosen as an example
because this propellant blend is the one usually used in con-
ventional MDI’s.

Three regions have been identified in the figure and
marked by A, B and C. In the region A both the surfactant
and the solvent are competing for the surface sites at the
particle surface. The adsorption is weak as was shown by the
isotherm and the surfactant is predominantly dissolved in the
propellant. The surface charge is increasing with the increas-
ing concentration of oleic acid due to the adsorption, and
also due to a subsequent proton exchange between reactive
sites at the solid surface (8,20).

At the early stages within region B the surface charge is
still increasing with the increase of oleic acid. At about 0.7
mM the surface charge have reached its maximum value and
the adsorbed oleic acid has formed a monolayer on the par-
ticle surface. For another propellant blend the maximum
zeta-potential would have been at another concentration due
to the solubility and acid-base properties of the propellants
(Table I). After this maximum the surface charge is decreas-
ing due to formation of a multilayer at the particle surface.
The first larger changes between the initial and the equilib-
rium concentration can be observed at the end of region B
indicating a multilayer formation.

In the region C the particle surface is entirely covered
by a surfactant phase resulting in an unchanged surface
charge value, even when more surfactant is added. The dis-
persion will become unstable in this region and the surfactant
covered particles are starting to form aggregates through co-
alescence of the surfactant phase. This was observed as an
increase in the particle size (8) when the equilibrium con-
centration reaches it’s maximum value, 1.6 mM. It follows
that all added surfactant exceeding equilibrium concentra-
tion is adsorbed onto the particle surface or forms a separate
liquid crystal phase on the particles.

Table I. The Maximum zeta-potentials and the Concen-
tration of Oleic Acid at the Maximum for Different Pro-
pellant Blend

Solvent Oleic acid Zeta-Potential
(P11:P12) (mmol/l) (mV)
100:0 1.5 50

50:50 1.3 75

40:60 1.1 80

30:70 0.7 100
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Fig. 5. The zeta-potential (mV) O and the equilibrium concentration
oleic acid (mM) O as a function of the initial concentration oleic acid
(mM). The dispersion medium is a 30:70 blend of P11:P12 and the
amount Salbutamol base is 0.16 w-%.

CONCLUSION

We have characterized three important parameters of
aerosol dispersions (MDI’s), namely the zeta-potential of the
drug particles, the particle size and the distribution of the
surfactant between the particles and the liquid phase. This
gives us a better understanding of the properties of pressur-
ized aerosol dispersions.

Making an aerosol dispersion with a certain propellant
blend there is a limit of how much surfactant can be dis-
solved in the propellants in the presence of a solid phase
depending on the acid-base properties. If this amount is ex-
ceeded it will result in an unstable dispersion. We have
shown that the drug particles are covered by a monomolec-
ular layer of the surfactant at the same initial concentration
where the surface charge reaches its maximum value and
that the dispersions are stable in a concentration range near
this.
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