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ABSTRACT
The specific biophysical properties of the surfactant complex, able to adsorb with high efficiency to the air-liquid interface 
and, through it, quickly travel to the distal airways, becomes the surfactant a potential vehicle for drug delivery by the 
inhaled route in the treatment of several lung diseases.  However it is vital that drugs delivered via lungs did not inter-
fere with the pulmonary surfactant lining layer surface activity. The aim of this study was to evaluate the in vitro effect 
of N-acetylcysteine, hydrocortisone and amikacin on the interfacial property (spreading) of Surfacen ®. The interfacial 
property of porcine lipid extract, Surfacen®, was evaluated in vitro by Langmuir balance. Measurements were obtained 
before and after the addition of a low and high concentration of drugs. The drugs do not affect the ability of spreading 
Surfacen. Future studies are necessary to evaluate all Surfacen biophysical properties in the presence of these drugs.
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RESUMEN

Cinética de esparcimiento del surfactante porcino exógeno Surfacen® mezclado con fármacos emplea-
dos en la clínica respiratoria. Las particulares propiedades de biofísicas del surfactante pulmonar, capaces de 
adsorberse con muy alta eficiencia a la interfase aire-líquido y, a través de ésta, viajar rápidamente a las vías aéreas 
distales, convierte al surfactante en un potencial vehículo para la administración de fármacos por la vía pulmonar en 
el tratamiento de varias enfermedades pulmonares. Sin embargo es de vital importancia que el fármaco suministrado 
vía pulmonar no interfiera con la actividad de superficie del surfactante pulmonar. El objetivo del estudio fue evaluar 
el efecto de N-acetilcisteína, Hidrocortisona y Amikacina en la propiedad interfacial (cinética de esparcimiento) del 
surfactante pulmonar, Surfacen®. La propiedad interfacial del extracto lipídico porcino, Surfacen® se evaluó in vitro 
en la balanza de Langmuir, las mediciones fueron obtenidas antes y después de la adición de concentraciones bajas 
y altas de los diferentes fármacos. La adición de la N-acetilcisteína, Hidrocortisona y Amikacina no afecta la cinética 
de esparcimiento de Surfacen®. Los fármacos no afectan la capacidad de esparcimiento de Surfacen®. Futuros es-
tudios son necesarios para evaluar todas las propiedades biofísicas de Surfacen® en presencia de estos fármacos.

Palabras clave: Surfacen, surfactante pulmonar, N-acetilcisteína, amikacina, hidrocortisona,   
cinética de esparcimiento 

Introduction
Pulmonary surfactant is a lipoprotein complex es-
sential to allow a stable opening of the pulmonary 
respiratory spaces, and its absence or dysfunction is 
associated to the development of severe diseases [1]. 

A functional pulmonary surfactant should be ad-
sorbed rapidly to form a film at the air-water inter-
face of the lungs, probably within a few seconds, thus 
lowering the surface tension at very low values on 
dynamic compression. There are two surface pres-
sure values that have traditionally been used to char-
acterize the functional capacities of the pulmonary 
surfactant: the surface pressure reached when form-
ing an interfacial film on equilibrium and the surface 
pressure when the film is subjected to compression, 
which physiologically occurs at the end of expiration.

Beyond its primary action, the specific biophysi-
cal properties of the surfactant complex, able to ad-
sorb with high efficiency to the air-liquid interface 
and quickly traveling through it to the distal airways, 
makes the surfactant a potential vehicle for drug de-
livery by the inhaled route. The integration of drugs 

(antibiotics, anti-inflammatory and antioxidants) and 
the surfactant may allow an efficient quasi-topical 
administration, with greatly reduced side effects. 
However, it is vital that drugs delivered via the lungs 
did not interfere with the surface activity of the pul-
monary surfactant lining layer [2-4].

The formulation of multiple drugs inhaled opens 
up exciting the therapeutic opportunities for treating 
asthma and chronic obstructive pulmonary diseases 
(COPD). For instance, Adi et al. [5] demonstrated the 
feasibility of formulating a solution-based pressurized 
metered dose inhaler containing a triple therapy with 
identical deposition pattern for the treatment of several 
respiratory diseases where multi-drug cell targeting is 
required.

Corticosteroids, because of their anti-inflammato-
ry actions, have commonly been used to modify the 
course of chronic lung disease [6-8]. However, the 
use of systemic corticosteroids has adverse effects. 
In efforts to overcome the adverse effects of systemic 
corticosteroids, significant attention has been given to 
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the topical administration of corticosteroids directly 
to the lungs. Two different pulmonary drug-delivery 
methods have been clinically tested: inhalation deliv-
ery of steroid aerosols [9, 10] and, very recently, the 
intratracheal instillation of steroids, using exogenous 
surfactant as a carrier [3, 11-13]. Therefore, it is criti-
cal that corticosteroids delivered via the respiratory 
system did not impair the biophysical properties of 
the pulmonary surfactant.

In neonatal pneumonia, pulmonary surfactant sur-
face activity tends to be damaged by microorganisms 
that can invade through the air-liquid interface, so the 
direct application of antibiotics to the airways offers 
potential advantages in the treatment and prevention 
of pneumonia. Despite the high antibiotic dose de-
livered to the lung, the question of efficacy remains 
controversial. Explanations for this include failure of 
the antibiotic to reach the infected lung area. In this 
sense, the use of surfactant as carrier of antimicro-
bial agents to deliver them into the lung parenchyma 
has been more promising and offers an alternative for 
critically ill patients with pneumonia [14, 15]. One 
of them, amikacin, is commonly used together with 
beta-lactam antibiotics to the sepsis treatment in neo-
nates.

Additionally, there is also increasing evidence that 
the inflammatory processes of COPD are closely as-
sociated to oxidative stress. Proinflammatory cyto-
kines and growth factors stimulate the production 
of reactive oxygen species. N-acetylcysteine (NAC) 
is a glutathione precursor with beneficial properties. 
NAC is a scavenger of free radicals as it interacts 
with reactive oxygen species, such as hydroxyl radi-
cal (OH–) and hydrogen peroxide (H2O2). In COPD 
patients, NAC has been used as a mucolytic and for 
its antioxidant properties [16, 17].

Considering all these, no previous studies ad-
dressed the drug-carrier properties of Surfacen®, a 
registered, natural exogenous surfactant widely used 
in Cuba to treat pre-term babies at risk or already 
suffering neonatal respiratory distress [4]. In this 
report, the spreading kinetics of Surfacen® was in-
vestigated heading for its future use as drug carrier 
for antimicrobials or hydroxycorticosteroids. The ef-
fect of three drugs (NAC, hydrocortisone and amika-
cin) on the interfacial properties of Surfacen® was 
determined by the equilibrium surface pressure (πe) 
method. This characterizes the spreading kinetics 
as the maximum surface pressure that an interfacial 
film reaches spontaneously in the absence of external 
compression, when phospholipids molecules at the 
air–water interface are in a thermodynamic equilib-
rium with the molecules in the bulk phase.

Materials and methods

Surfactant preparation
Surfacen® was supplied by the Centro Nacional de 
Sanidad Agropecuaria (CENSA, Mayabeque, Cuba). 
It is obtained from organic extracts of porcine bron-
choalveolar lavages and provided as a sterile white 
lyophilized powder, dosed in 50 mg phospholipid vi-
als [18]. To reconstitute Surfacen® dry powder, the 
proper amount of the surfactant is weighted and sus-
pended in distilled water, with 60 min preincubation 

of the suspension at 37 ºC, under shaking at 550 rpm 
in a thermo-shaker (TS 100, Fisher, USA).

Drugs
NAC was supplied as a 100 mg/mL nebulizer solu-
tion (Quimefa, Cuba), hydrocortisone (HCORT; Vi-
trofarma, S.A.; Bogota DC, Colombia) was supplied 
as a 100 mg lyophilized powder and amikacin (AMK) 
was supplied as 500 mg (Quimefa, Cuba). 

Surfacen® was experimentally tested at a 15 mg/mL  
concentration, and NAC and Amikacin at 1 and 10 % 
regarding the phospholipids concentration, respecti-
vely. HCORT was used at 0.1, 5 and 10 %. The sur-
factant-drug combinations were incubated for 60 min 
at 37 ºC under at 550 rpm in a thermo-shaker (TS 100, 
Fisher, USA). 

Spreading assays in a modified Langmuir  
balance 
Surfacen® suspensions or surfactant-drug combina-
tions were applied with a syringe onto the interface 
of a specially designed T-shaped Teflon trough (Nima 
Technology, Coventry, UK)  with 15 mL of subphase 
buffer 5 mM Tris, pH 7.0, plus 150 mM NaCl. Sam-
ples were applied in one end of the trough, while a 
pressure sensor monitored the time-dependent spread-
ing and the lateral diffusion of the surface active ma-
terial arriving at the other end. Spreading isotherms 
were obtained at 37 ± 1 ºC.

Statistical analysis
Statistical analysis was performed using the SPSS 
21.0 software. Data were expressed as mean ± stan-
dard deviation and analyzed by one way ANOVA with 
least significant difference (LSD) post hoc analysis. A 
probability value of p ≤ 0.05 was considered statisti-
cally significant.

Results and discussion

Effect of NAC, hydrocortisone and amikacin 
on Surfacen® spreading properties 
The π-t spreading kinetics of Surfacen® suspensions 
and Surfacen®-NAC combinations at the interface, at 
37 ºC are shown in Figure 1. Surfacen® adsorbed very 
effectively at the interface, producing an equilibrium 
surface pressure of approximately 42 mN/m in less 
than a minute. These results are in agreement with pri-
or evidences obtained by our group [19]. The addition 
of NAC at 1 % did not affect the Surfacen® spreading 
kinetics. A different effect was detected at 10 % NAC, 
with a fast adsorption, followed by a significantly 
lower pressure (p ≤ 0.05) after 25 seconds than that 
obtained with Surfacen® alone. But after 5 min, this 
combination behaved as Surfacen®. NAC showed no 
interfacial behavior at the two concentrations tested.

Figure 2 shows the π-t spreading kinetics of Surfa-
cen® suspensions and the three Surfacen®-HCORT 
(0.1, 5 or 10 %) combinations at the interface at 37 ºC. 
The addition of different concentrations of HCORT to 
Surfacen® did not affect the spreading kinetics, with 
HCORT lacking interfacial behavior alone at either 
concentration.

For amykacin (Figure 3), the π-t spreading kine-
tics values of Surfacen® suspensions and Surfacen®  
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combined with AMIK at the interface, at 37 ºC showed 
that the addition of this antibiotic did not affected the 
surfactant spreading kinetics. Additionally, amykacin 
alone showed no interfacial behavior.

Also to evaluate de possible interaction of multiple 
drug formulations in the spreading kinetics of Surfa-
cen®, the three drugs (NAC, HCORT and amykacin) 

were administered together to Surfacen®, and it was 
demonstrated that their simultaneous administration 
did not alter the surfactant spreading properties. The 
mixture of the three drugs at the two concentrations 
tested showed not any interfacial behavior (Figure 4).

Regarding the biophysical activity of the surfac-
tant, it is determined by three main functions: i) the 
surfactant must be adsorbed quickly (within seconds) 
to reduce the surface tension at the interface; ii) the 
surfactant should be efficiently re-adsorbed at the in-
terface air-subphase (as occurring during inspiration 
in the alveoli) and, iii) the surfactant must form rigid 
films during surface compression (as occurring during 
expiration), which allows to obtain a low surface ten-
sion [20].

The pulmonary surfactant should also show a fast 
interfacial adsorption while equilibrating surface 
tension to stabilize lungs. During this process, the 
surfactant proteo-lipid complexes reach and spread 
into the interface from the sub-phase, forming a 
surface active interfacial film. The interfacial ad-
sorption process includes both arrival and accumu-
lation of material near the interface, and the ultimate 
transfer processes that insert the molecules into the 
interface, forming a layer exposed to air [21]. In this 
work, the ability to spread Surfacen® after being 
applied directly to the interface in the presence of 
the most frequently drugs used in respiratory medi-
cine (an antioxidant-mucolytic, anti-inflammatory  
and antimicrobial) was evaluated by Langmuir ba-
lance.

In another study, the effect of budesonide on the 
surfactant biophysical properties of two exogenous 
surfactants (Survanta® and BLES) was evaluated in 
a captive bubble surfactometer. Another steroid me-
dication, Budesonide, markedly reduced the surface  
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Figure 1. Surfacen® (S) interfacial adsorption and Surfacen® plus N-acetylcysteine (NAC) preparations. π–t isotherms have been 
obtained upon spreading 150 μg phospholipid of Surfacen® or Surfacen®-NAC combinations at 1 % and 10 % NAC in relation 
to phospholipid concentration, in a modified Langmuir balance thermostatized at 37 °C. A) Surface pressure reached by samples 
at 25 s (π = 25 s) or 100 s (π = 100 s) after applying. B). Values are means ± SD, * p ≤ 0.05 compared with Surfacen® alone.

Figure 2. Surfacen® (S) interfacial adsorption and Surfacen® 
plus hydrocortisone (HCORT) preparations. π–t isotherms 
have been obtained upon spreading 150 μg phospholipid of 
Surfacen® or Surfacen®-HCORT combinations at 0.1, 5 or 
10 % of HCORT in relation to phospholipid concentration in 
a modified Langmuir balance thermostatized at 37 °C. Values 
are means ± SD.
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tension-lowering properties of both surfactant pre-
parations [2]. The surfactant adsorption was signi-
ficantly reduced at a high budesonide concentration 
with bovine lipid extract surfactant (BLES) and both 
concentrations with Survanta®. At both concen-
trations, budesonide reduced Survanta film stabili-
ty, whereas no changes were observed with BLES. 
Therefore, it has been concluded that budesonide, at 
common therapeutic concentrations, adversely affec-
ted the surface-tension-lowering properties of surfac-
tant [2].

In contrast, more recently, using a pulsating bubble 
surfactometer, it was shown that the addition of 2 % 
Budesonide to Survanta® minimally affected its dyna-
mic surface activity [3]. These authors concluded that 
budesonide would not reduce the ability of Survanta 
(i.e., to reduce surface tension) when simultaneously 
administering it with budesonide at a 50:1 concen-
tration ratio or more. Moreover, they found that the 
early postnatal intratracheal instillation of budesonide 
using surfactant as vehicle significantly improved the 
combined outcome of death or chronic lung disease 
in small premature infants, without causing immedia-
te adverse effects. Nevertheless, they considered that 
results should be corroborated in a large sample mul-
ticenter clinical trial.

Particularly for corticosteroids, they are bioche-
mically derived from cholesterol and, therefore, they 
share a close structural similarity with it. Recent fin-
dings showed differential effects of cholesterol and 
budesonide on the biophysical properties of an ani-
mal-derived surfactant preparation, Curosurf®. At 
low concentrations (0.1 or 1 %), neither cholesterol 
nor budesonide significantly affected the Curosurf® 
surface activity, and 10 % cholesterol completely 

inhibited its surface-tension lowering ability. By 
contrast, budesonide at the same concentration only 
moderately reduced film stability and did not signifi-
cantly alter the compression isotherm [4]. In another 
research, this author showed that the addition of 10 %  
budesonide significantly decreased the surface ac-
tivity of another clinical surfactant preparation,  
Infasurf® [22]. A main difference between Infa-
surf® and Curosurf® compositions is that Infasurf® 
contains 5-8 % cholesterol whereas Curosurf® 
is cholesterol-free. Remarkably, Surfacen® is a 
cholesterol-free surfactant preparation and our fin-
dings showed that adding hydrocortisone (another  
corticosteroid) did not affect Surfacen® spreading 
kinetics, these results consistent with those of pre-
vious reports [2-4].

The large surface area for gas exchange made the 
respiratory system particularly susceptible to oxidati-
ve stress-mediated injury. Both endogenous and exo-
genous pro-oxidants (e.g. cigarette smoke) activate 
leukocytes and host defenses. Several studies have 
demonstrated the presence of an increased oxidative 
stress and decreased antioxidants in subjects with 
chronic obstructive pulmonary disease (COPD), but 
the contribution of oxidative stress to the pathophy-
siology of COPD is generally less discussed. So far, 
antioxidant drugs such as NAC have been regarded 
only as mucolytic agents, but several recent clinical 
trials indicate that NAC may reduce the rate of COPD 
exacerbations and improve small airways function. 
The most plausible explanation for the beneficial 
effects observed in patients with COPD treated with 
NAC lies in the mucolytic and antioxidant effects of 
this drug [23, 24]. To our knowledge, there were no 
previous reports on the evaluation of NAC effects on 
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the biophysical properties of the pulmonary surfactant 
for delivery purposes.

Several studies have evaluated the influence of anti-
biotics on the biophysical properties of the pulmonary 
surfactants. For instance, five antibiotics (amphoteri-
cin B, amoxicillin, ceftazidime, pentamidine and To-
bramycin) were tested for their effects on the surface 
activity of a bovine surfactant [25]. The minimal sur-
face tension of the antibiotic-surfactant mixtures was 
comparable to that of the surfactant alone. Neverthe-
less, when the surfactant function was evaluated in the 
animal model of respiratory failure induced by lung 
lavage, PaO2 levels in the animals receiving ceftazi-
dime-surfactant or pentamidine surfactant were un-
changed when compared to the surfactant group. PaO2 
levels in animals receiving the mixtures amphotericin 
B-surfactant, amoxicillin-surfactant or tobramycin-
surfactant significantly decreased as compared to 
the surfactant group. For tobramycin, it was further 
found that PaO2 levels were not affected when Na-
HCO3 buffer was used surfactant suspension instead 
of saline. They concluded that some antibiotics affect 
the in vivo activity of a bovine pulmonary surfactant 
[25]. Therefore, before using surfactant-antibiotic  
mixtures in clinical trials, interactions between the 
two agents should be carefully evaluated. Calkovska 
et al. [26] showed that the Curosurf® biophysical and 

physiological properties were improved by the cyclic 
amphipathic decapeptide polymyxin B. Recently, the 
mutual influence of the natural surfactant preparation 
and three antibiotics (amikacin, cefepime, and colis-
timethate sodium) were characterized in vitro. It was 
shown that the addition of amikacin or cefepime to 
the Suzacrin® surfactant had no significant influence 
on the surfactant surface-active properties. An ob-
vious reduction of the surface-active properties was 
confirmed for a surfactant/colistimethate composition 
[27]. In our experimental setting, Amikacin did not 
affect the Surfacen® spreading properties, corrobo-
rating the results obtained with the surfactant Suza-
crin® and amikacin [27].

Our work corroborates that Surfacen® is able to 
retain good surface activity (spreading kinetic) when 
mixed with anti-inflammatory, antioxidant and anti-
biotic drugs. Further studies are required to to evalua-
te all Surfacen® biophysical properties in the presen-
ce of these drugs, further supporting its simultaneous 
use as drug carrier to the lung in the clinical setting.
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