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INTRODUCTION

Patients affected by obstructive pulmonary diseases
exhibit typical characteristics of airway mucus 
hypersecretion, including sputum production, in-
creased luminal mucus, goblet cell hyperplasia and
submucosal gland hypertrophy. The mucociliary
system is a sophisticated defense mechanism to
maintain the homeostasis of the respiratory tract by
means of the bronchial mucus transport, the process
in which airway mucus together with substances
trapped within are moved out of the lungs. In the
end, the mucus together with the substances trapped
within are swallowed or coughed up. It is an impor-
tant defense mechanism of the human body [1].
Mucociliary clearance is influenced by viscosity
and elasticity, that are the fundamental rheologic
properties of the respiratory mucus and important
determinants of its transportability in the muco -
ciliary system [2]. It has been observed that the rhe-
ologic properties of mucus are often abnormal in
patients with airways disease [3]. A retardation in

mucociliary transport may lead to mucus retention,
a condition which predisposes to bacterial colo-
nization and may eventually lead to pneumonia.
Drugs may alter the process of mucociliary trans-
port, such that it is necessary to know the effect of
the drugs on the rheologic properties of human
bronchial mucus. 
Understanding the interaction of a specific drug with
human bronchial mucus may lead to a better thera-
peutic use of such medication. The photoacoustic
technique (PAT) is a new method that permits to
monitor indirectly the rheologic properties of any
mucus sample [3,4]. PAT enables to study the inter-
action between therapeutic aerosols and bronchial
mucus, making it possible to determine the typical
time of interaction between the aerosol and the mu-
cus (T0) and the solubilization period (Δt). According
to our knowledge it is important to have an experi-
mental technique that permits the monitoring of the
rheologic properties of mucus during the interaction
with the specific drug. 
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PHOTOACOUSTIC TECHNIQUE (PAT) 

PAT can be applied to study the interaction between
different therapeutic aerosols and bronchial mucus.
This technique enables the determination of the typ-
ical interaction time of solubilization (t0) and the
solubilization interval (Δt) in minutes between
aerosol and the sample of secretion. The photo -
acoustic effect consists in the production of a sound
due to the absorption of modulated light that is con-
verted into heat, causing temperature modulation
which produces the mechanical effect of periodic
expansion and contraction of the sample, originat-
ing sound waves that can be detected by a micro-
phone present in the photoacoustic cell (Figure 1).
The photoacoustic signal depends on the optical
and thermal properties of the sample, which may
vary with time. When a sample undergoes changes
in its composition or structure, the propagation of
heat produced inside is modified, thereby altering
the photoacoustic signal [5].
The experimental set-up (Figure 2) used for the ther-
mal effusivity measurements is composed of a 200
W tungsten filament lamp, of which a polychromatic
beam is mechanically chopped and focused on the
16 µm thick aluminum (Al) foil closing the cham-
ber. The signal from the microphone is connected to
a lock-in amplifier (SR, model 850) used to register
both the signal and the phase; these are recorded as
a function of the modulation frequency. The liquid
sample is placed inside a 0.50 mm thick acrylic ring
of 3 mm inner diameter, whose bottom is closed by
a 16 mm thick Al foil disk. The entire sample holder
is placed on the top of the microphone and is at-
tached by means of a thin layer of vacuum grease [4].
To measure the rheologic properties of human
bronchial mucus by PAT, three 5 ml sputum sam-
ples per patient are required. These should be spon-
taneously collected from each selected patient on
three consecutive days in a universal collector cov-
ered with sterile gauze to absorb any excess saliva.
They are then placed in a polystyrene tube lubricated
with liquid vaseline to avoid dehydration and stored
at – 20° C until photoacoustic analysis. Each sample
is naturally thawed at room temperature and subse-
quently submerged in xylol for 5 seconds to remove
the liquid vaseline. Then they are divided into three
portions with volumes of 0.1 mL which undergo 
photoacoustic analysis in a double-blind manner. All
the mucus samples must be analyzed by routine lab-
oratory tests based on culture of microorganisms to
rule out the presence of pulmonary infection.
In our preliminary study, we performed photo -
acoustic analyses according to the protocol de-
scribed by Dumas et al. [3]. Each sputum sample
was evaluated for a period of 5 min to measure the
baseline photoacoustic signal.
Subsequently, it was individually nebulized using
the aerosols and the solubilization was evaluated by
means of monitoring the amplitude of photoa-
coustic analyses over time. The evolution over time
of photoacoustic analyses was adjusted using the
Boltzmann equation given by:

where PA(t) is the amplitude of the photoacoustic
analyses signal at time t, A1 and A2 are the baseline
and final amplitudes of the photoacoustic signals,
respectively, t0 is the time to reach the maximum
rate of change in the process and Δt is the effective
time interval corresponding to the solubilization
process. Figure 3 shows the t0 and Δt parameters
and the standard curve for the adjustment of the
photoacoustic signal which is produced by a com-
puter program. 

PRELIMINARY RESULTS

In our preliminary study, conducted according to
Dumas et al. [3], mucus was obtained from 11 vol-
unteers, divided into two groups: five patients pre-
senting respiratory impairment symptoms (group I)
and six healthy subjects (group II). The photoa-
coustic signal of the mucus absorbing the isotonic
saline solution was monitored as a function of time,
with measurements being performed each 10 min,
up to 120 min. A characteristic time for the half sat-
uration of the absorption process was obtained. The
mean values and standard deviations obtained for
parameters t0 and Δt were 23.3 ± 5.3 min and 4.5 ±
1.9 min for group I, and 55.0 ± 7.7 min and 16.6 ±
3.4 min for group II respectively, presenting a signif-
icant difference (Student’s t-test, p < 0.05). 
This study has shown that human bronchial mucus
from subjects with different health status presents
different rheological properties and characteristic
times for absorption of the isotonic saline solution.
The results confirm the feasibility of using PAT on
the study of the solubility behavior of human
bronchial mucus after specific therapeutic aerosols. 

FIGURE 1: DIAGRAM OF THE PHOTOACOUSTIC CELL USED IN
THIS STUDY
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CONCLUSIONS

A number of diseases of the chest are characterized
by increased mucus production, including chronic
obstructive pulmonary disease (COPD), bronchiec-
tasis and cystic fibrosis, which, in concert with

damage to cilia from a variety of host and bacterial
sources, can lead to impairment of the mucociliary
escalator and retention of secretions within the
bronchial tree. Secretion retention can also con-
tribute to airflow obstruction, wheeze, shortness of
breath and cough, and the poor clearance of airway
secretions promotes recurrent cycles of pulmonary
infection and inflammation. Mucociliary clearance,
the process in which mucus together with sub-
stances trapped within are moved out of the lungs,
is an important defense mechanism of human body.
Drugs may alter this process, such that it is neces-
sary to know the effect of these drugs on mucocil-
iary clearance. PAT measurements as a function of
time permit to characterize the solubilization kinet-
ics of pulmonary secretions, and to know the effects
of mucolytic drugs in samples of mucus derived
from different respiratory pathologies.
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FIGURE 2: EXPERIMENTAL SET-UP USING THE PHOTOACOUSTIC CELL WITH TWO FACES

FIGURE 3: ADJUSTMENT OF THE PHOTOACOUSTIC SIGNAL
(PA) FOR THE TYPICAL INTERACTION TIME (T0) AND
SOLUBILIZATION INTERVAL (ΔT)
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