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Influence of corticosteroids on formation and stability of thin liquid films from
pulmonary therapeutic preparations
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Drugs containing corticosteroids are used for treatment of lung inflammations. Due to corticosteroid’s amphiphilic
nature, they are surface active molecules which are able to modify surface properties of pulmonary surfactant. In the
present study natural and synthetic pulmonary therapeutic preparations (PTP) are used as a model of the (lung)
pulmonary surfactant. Effect of corticosteroids on surface activity of PTP is evaluated by the black foam film method
and probability for formation of black foam films stabilized with PTP in the presence of corticosteroids is assessed.
Stable black foam films are formed at higher concentrations. Disjoining pressure isotherms indicate an increase of film
thickness in mixtures from PTP and corticosteroids. The results suggest that in the presence of corticosteroids, a mixed
adsorption layer of the pulmonary surfactant is formed. Effect observed is stronger in synthetic PTP.
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INTRODUCTION

Pulmonary surfactant (PS) is a complex lipid-
protein mixture [1]. PS forms a variety of thin films
at the alveolar surface and prevent alveoli collapse
during the process of breathing. The PS consists of
lipids and specific proteins (SP-A, SP-B, SP-C, and
SP-D). Polar phospholipids (mainly
dipalmitoylphosphatidylcholine (DPPQC),
phosphatidylglycerol, represent about 70% of the
pulmonary  surfactant.  Respiratory  distress
syndrome (RDS) is a significant cause of morbidity
and mortality in preterm infants. RDS is caused by
a deficiency, dysfunction, or inactivation of
pulmonary surfactant. Pulmonary therapeutic
preparations (PTP) are drugs that are administered
by instillation into the trachea and they are used to
treat RDS in neonates and adults.

Corticosteroids are anti-inflammatory drugs that
can be used in asthma to reduce airway hyper-
responsiveness and to decrease bronchial edema
and mucus secretion [2]. In clinical practice, PTP
and corticosteroids are often used together. Their
simultaneous use shows larger effect in comparison
with their separate application. Administration of
PTP and Budesonide enhance lung functions and
alleviate inflammation more effectively than
Budesonide-only and surfactant-only treatment, as
reported in Mikolka et al. [3]. PTP are used as
carriers of medical drugs to lung epithelium [4, 2].
So far little is known about the interaction between
these medicines and complexes of pulmonary
surfactant [4]. Therefore, the impact of
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corticosteroids on pulmonary surfactant (PS) is of
great interest.

Recently, the advantageous simultaneous
application of corticosteroids and PTP has been
reported [5]. PTPs are used as carriers of
corticosteroids to deliver them to the lung
epithelium [4, 5]. Identified advantages refer to
avoiding first-pass metabolism and eliminating
potential side effects caused by high systemic
dosage. This makes pulmonary drug delivery an
ideal method for treating respiratory diseases, such
as asthma, chronic pulmonary infection,
emphysema, cystic fibrosis, pulmonary
hypertension, and lung cancer [5]

Wang et al. [5] have investigated biophysical
interaction between natural PTP Infasurf and two
corticosteroids: Budesonide and Beclomethasone
dipropionate. Their interaction is assessed by the
surface activity measurements by the Langmuir
balance and lateral film structure studied by atomic
force  microscopy  suggesting an  optimal
concentration range of corticosteroids for
pulmonary delivery. Infasurf may carry less than
1% Budesonide and up to 10% Beclomethasone
without significantly compromising its surface
activity [5]. The use of corticosteroids is benefital
in the case of asthma and croup, but their effect
could be controversial in other diseases [6].
Investigation of clinically used PTP as carriers of
corticosteroids and their influence on PTP
properties are important from a practical point of
view. The standard protocols of corticosteroid
applications should be followed, and physicians
should be alerted to the potential hazards of their
prolonged use, as reported in [6]. Curosurf, a
natural porcine surfactant, combined with
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Beclomethasone at 800 pg/kg, is effective in
reducing the oxidative lung stress and improving
the respiratory function in preterm lambs with
RDS, as reported in Dani et al. [7].

In our study we investigate the effect of two
corticosteroids, Budesonide and Beclomethasone,
on Curosurf, a natural-origin PTP, and on a
synthetic PTP containing two phospholipids and
two peptides analogues of human surfactant
proteins B and C, using the thin liquid foam film
methods.

EXPERIMENTAL

Natural and synthetic PTP are used as a model
of pulmonary surfactant. As a natural PTP we used
Curosurf, provided by Chiesi Pharmaceuticals,
Italy. Curosurf preparation is obtained from porcine
lung mince and consists of approximately 98%
phospholipids and 2% hydrophobic surfactant
proteins (SP-C and SP-B). It is provided as an
aqueous suspension with concentration of 80 mg/ml
in physiological electrolyte concentration (0.15 M
NaCl). For the purposes of the study, a stock
solution with concentration 800 pg/ml at the same
electrolyte concentration was prepared from the
ready-made suspension and further used to prepare
the working solution with the respective
concentration.

Synthetic PTP consists of 98.3% (1,2-
dipalmitoyl-sn-glycero-3-phosphocholine)  DPPC
and (palmitoyl-oleoyl-sn-glycero-3-
phosphoglycerol) POPG in a ratio
(DPPC:POPG=1:1) and two synthetic peptide
analogues of SP-C (1.5%) and SP-B (0.2%) [8].

Corticosteroid stock solutions of 1.5 mg/ml
dimethyl sulfoxide (DMSO) were prepared.

Studies of microscopic foam films were carried
out with modernized microinterferometric method
of Scheludko and Exerowa. To study the
probability of black foam film formation, we used a
cell with a cylindrical holder. In this cell, the film
was formed at constant capillary pressure, when
two surfaces of a biconcave drop approach one
another. The measurements of the disjoining
pressure isotherms were carried out with Exerowa-
Scheludko cell with porous plate [9-11], enabling
application of variable pressure. The foam film was
formed in the orifice of the porous plate when
pressure was applied.

Using the thin liquid foam film method we
carried out investigation of probability (W) of black
foam film formation on surfactant concentration
(C). In general, probability is determined
experimentally as the ratio of the number of films
in which black films are observed AN to the total
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number of studied films N, and can be expressed as
percentage or parts of a unit. The two most
important characteristics obtained from a W(C)-
curve are critical concentration (C¢) and threshold
concentration (Cy). C. is defined as the highest
concentration at which all films are ruptured
without black film formation (W=0). C: is the
lowest concentration above which all films become
black (W=1).

Film stability was determined by observing
films at two different waiting times (30 min and 60
min), the waiting time being defined as the time for
which the solution is left as a drop in the cylinder
holder of measuring cell before film formation.

RESULTS AND DISCUSSION

The films from natural and synthetic PTP and
their mixtures with Beclomethasone were studied.
Film destabilization was not observed for the
synthetic and natural PTP at both corticosteroid
concentrations studied. At lower corticosteroid
concentration (3 pg/ml Beclomethasone), there was
no significant difference between C. for mixtures
and for the pure natural preparation. C; for mixture
shifted to lower concentrations of PTP (Fig. 1)
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Fig. 1. Probability of formation of black foam films
stabilized with natural PTP and mixture of natural PTP
with added 3 pg/ml Beclomethasone and 6 pg/ml
Beclomethasone at 30 min waiting time.

At higher concentrations of Beclomethasone (6
pug/ml), W(Cs) curves for natural PTP (Fig. 1)
shifted towards lower concentrations (i.e. the films
are stabilized). For synthetic PTP the same
dependency was observed but the scattering of
results was larger (data not shown). This scattering
might be due to uneven saturation of film interfaces
and disruption of aggregates coming from the
solution bulk when they last approach the surfaces.

The probability of black foam films formation
for pure natural and synthetic PTP and for their
mixtures with 3 pg/ml Budesonide and 6 pg/ml
Budesonide at 30 min and 60 min waiting time,
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were also investigated. At 3 pg/ml Budesonide at
both 30 min and 60 min waiting times for synthetic
PTP, the W(Cs)-curves (data not shown) shifted to
higher surfactant concentrations (i.e. destabilization
of films was observed). At 6 ug/ml Budesonide,
W(Cs) curves (data not shown) shifted to lower
surfactant concentrations (i.e. stabilization of films
was observed). For synthetic PTP, within this
Budesonide concentration interval, alteration in
Budesonide concentration effect on the stability of
films was observed.

Cer and C; for natural PTP practically coincided
with these for pure PTP and its mixtures with 3
ug/ml Budesonide at both studied waiting times 30
min and 60 min (data not shown) (i.e. change in
film stability after addition of corticosteroids was
not observed).
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Fig. 2. Disjoining pressure isotherm of natural PTP and
its mixture with 3 pg/ml Budesonide (open symbols) and
with 6 pg/ml Budesonide (filled symbols).

II(h)-disjoining pressure isotherms of pure
natural and synthetic PTP and of their mixtures
with corticosteroids were measured. Fig. 2 depicts
I1(h)-isotherms for natural PTP in the presence of 3
pug/ml and 6 pg/ml Budesonide and Fig. 3 — at 3
pug/ml and 6 pg/ml Beclomethasone. As it can be
seen in Fig. 2, the isotherms of natural PTP
Curosurf with added 3 pg/ml and with 6 pg/ml
Budesonide practically coincide. They shifted to
higher film thicknesses compared to isotherm of
pure natural PTP Curosurf.

For synthetic PTP we measured isotherms in the
presence of 6 pg/ml Budesonide (Fig. 4) and 6
pug/ml  Beclomethasone (Fig. 5). Corticosteroid
concentrations were selected to be the same as
concentrations at which W(Cs) curves were
obtained.
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Fig. 3. Disjoining pressure isotherm of natural PTP and

its mixture with 3 pg/ml Beclomethasone (open
symbols) and with 6 pg/ml Beclomethasone (filled
symbols).
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Fig. 4. Disjoining pressure isotherm of synthetic PTP

(open symbols) and its mixture with 6 pg/ml Budesonide
(filled symbols).

In this case, the isotherms for pure preparation
and for mixtures for both corticosteroids shifted to
higher thicknesses compared to natural preparation.
Film thickness for mixtures was higher than the
thickness for pure synthetic PTP while scattering of
the results for synthetic preparation was larger.

The shift of isotherms for mixtures of PTP with
corticosteroids to higher film thicknesses suggests
that a mixed surface layer from PTP and
corticosteroids is formed. The isotherms from pure
synthetic PTP and its mixtures with corticosteroids
have different course in the region below 1500 Pa.
The isotherms for mixtures show smooth transition
from 15 nm to 12 nm in the region below 1500 Pa,
while isotherms for pure synthetic PTP have almost
the same thickness, approximately 11 nm.
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Fig. 5. Disjoining pressure isotherm of synthetic PTP

(open symbols) and its mixture with 6 pg/ml
Beclomethasone (filled symbols).

Likewise, there is a difference in isotherm
course for pure natural PTP and pure synthetic PTP
in the region below 1000 Pa. For pure natural PTP
the films show smooth thinning from 10 nm to 7
nm. In the same region, the isotherm for pure
synthetic PTP shows almost no change in film
thickness, approximately 11 nm. It is possible that
the smooth thinning observed in the isotherms for
pure natural PTP and in isotherms for mixtures and
synthetic PTP with corticosteroids, is due to the
long electrostatic forces acting in them. Above
1000 Pa, no changes in film thicknesses are
observed in the isotherms for pure natural and pure
synthetic PTP. As for the mixture of synthetic PTP
with 6 pg/ml Budesonide, no changes in film
thickness appear above 1500 Pa. These
observations may be attributed to the steric forces
acting within this range.

In our study we established that at low
concentrations Budesonide destabilized thin liquid
foam films from Curosurf, while at higher
concentrations it  stabilized these  films.
Beclomethasone showed a stabilizing effect at all
concentrations studied. This result is in compliance
with the observation of Wang et al. [5], namely,
that Infasurf may carry less than 1% Budesonide
and up to 10% Beclomethasone without
significantly compromising its surface activity. Our
study was carried out with approximately 3% and
6% of corticosteroids from the weight of the
mixture with natural or synthetic PTP. A
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destabilization of foam films from synthetic PTP in
the presence of 3% of Budesonide was observed.

CONCLUSION

The obtained results show that corticosteroids
influence formation and stability of pulmonary
surfactant foam films. They also suggest that a
mixed adsorption layer from pulmonary surfactant
studied components is formed in the presence of
corticosteroids. This effect is more pronounced in
synthetic PTP.

The study shows differences in surface
properties of synthetic and natural PTP when
Budesonide and Beclomethasone are present, which
could be attributed to differences in the formation
of the mixed adsorption layer.

The results obtained confirm that the black foam
film method is applicable to the study of drug
influence on pulmonary surfactant surface activity.
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BJIMAHUE HA KOPTUKOCTEPOUIM BHEPXY ®OPMUPAHETO U CTABUJIHOCTTA
HA THbHKU TEYHN ©NJIMHU OT ITYJIMOHAPHH TEPAIIEBTUYHMU ITPEITAPATHU

N.K. Tepamiicku*, P.K. Tomopos, [I.P. EkcepoBa

Hnecmumym no gusuxoxumus ,, Axaoemux Pocmucnae Kauwes”, Bvieapcka akademus na naykume, Cogusa 1113

Iocrbnuna Ha 3 asryct, 2015 r. xopurupasna Ha 3 HoemBpH, 2015 r.
(Pesrome)

3a 7nedeHHe Ha BB3NAJICHHE Ha OenmrTe IpoOOBE Ce M3ION3BAT JIEKAPCTBA CHABPIKAINN KOPTUKOCTEPOHUIIH.
IMopagn amdudpmiHata Tpuposa Ha KOPTUKOCTEPOUIUTE, TE€ Ca NMOBBPXHOCTHO AKTWBHH MOJEKYIM M MOTaTr na
MPOMEHST MOBBPXHOCTHHUTE CBOMCTBA Ha ITyJIMOHApHHS ChpQakTaHT. B HAcTOSIIOTO W3ciieABaHE, NMPUPOJIHU U
CHUHTETHYHHU IyJMoHapHM TepaneBtuuHu npenapatd (IITII), ce u3momsBaT KaTto Moaen Ha MyJIMOHApPHUS
cbpdakTaHT. BiausHHETO HAa KOPTHKOCTEPOMIHUTE BBPXY NOBBbpXHOCTHara akTuBHOCT Ha IITII e m3cnenBaHo ¢
MeToza Ha 4yepHus neHeH ¢wiM . [Ipu onpenensHeTo Ha BEpOSTHOCTTA 32 00pa3yBaHETO Ha YEPHH IEHHH (QUIMH,
crabumm3upanu cbc cuHTeTHyHH [ITII B mpHChCTBMETO HAa HHUCKM KOHLEHTPAMM Ha KOPTUKOCTEPOWIH, CE
HaOmonaBa aecrabunusanus Ha ¢uamure. [Ipu Bucoku koHUeHTpanuu GuimuTe ce ctabunusupar. Mzorepmure Ha
PasKIMHALIOTO HaJsraHe IOKa3BaT IOBHINIABaHe Ha aebenmHara Ha ¢uamure ot IITII m kopTHKOCTEpoHAH.
Pesynrature npennomarat (OpMHpPAHETO Ha CMECEH aJCOpPOIMOHEH CJIOH Ha ITyJIMOHapHHS ChpPQAaKTaHT B
MIPUCHCTBHETO HA KOPTUKOCTEpOuIH. Perucrpupanusar edekt e mo-cuieH npu cuaternaanre [1TII
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