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Abstract

Background: Mucociliary clearance is an important host defense function of the upper respiratory tract that requires
the coordinated beating of cilia and results in the transport of mucus to the oropharynx. N-Acetyl Cysteine is a mucolytic
drug currently used in pulmonary diseases. In the present study we sought to assess the effects of N-Acetyl Cysteine
nasal mucociliary clearance in healthy volunteers.

Methods: A total of 100 healthy individuals (55 male) with the mean age of 34.21 (+ 12.63) years were included in
the present randomized, double-blind and placebo-controlled study. Participants were assigned into two groups of case
and control. The Mucociliary Clearance Time (MCT) was measured by saccharine test; measuring the time in minutes
required for the subject to taste a saccharin particle placed on the inferior turbinate of the nasal. The variables studied
were nasal MCT before and after taking the placebo or NAC, age, and sex. Data were analyzed using SPSS V.16.

Results: Wilcoxon signed ranks test demonstrated considerable different of Saccharine Test Time (STT) between
before and after taking the NAC (p=0.021), and no significant different of STT between before and after taking the
placebo (p=0.723).

Conclusion: N-Acetyl Cysteine exerts measurable effect on nasal mucociliary clearance in healthy volunteers;
therefore may be beneficial in conditions associated with disruption of mucociliary clearance such as rhinitis and

sinusitis. However, further studies are suggested to achieve more conclusive results.
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Introduction

The respiratory system is constantly exposed to environmental
pathogens and toxins, spread as aerosol in the environment. The
mucociliary system is the first defense of airways against harmful
particles and disruptive environmental triggers. Ingredients, bacteria
and respiratory viruses are trapped by airways’ mucosa and driven to
the larynx by respiratory beats, ultimately egress due to swallowing
or coughing [1]. Airways’ clearance by the mucocilary system is the
main host defense mechanism of upper or lower respiratory tracks.
Defects in this process, either genetically or acquired, make an
individual susceptible to contracting chronicnasal, paranasal sinuses’
and airways’ tracks chronic infections [2]. Nose is the major part of
the respiratory system that transfers air into and out of the system,
playing an important role in providing necessary humidity (100%) and
temperature (37 degrees), local defense and filtration of ingredients
and gases [3]. A variety of factors affect mucociliary clearance such
as increasing age, smoking, chronic nasal and pulmonary diseases
(rhinitis, asthma, bronchiectasis, and chronic bstructive pulmonary
disease), and anatomical defects of the upper respiratory track (septal
deviation, hypertrophy of the concha, etc.) and a history of nasal surgery
or trauma. The role of defects in mucociliary function due to either
genetic diseases (cystic fibrosis) or acquired (secondary to infection
of erosive mucociliary system diseases) has been recognized in many
chronic airways tracks™ diseases [4]. For example, defects in one or
more parts of mucociliary clearance (epithelium, mucosa and cilia)
cause chronic rhinosinusitis and stasis rinosinusial discharges lead to
chronic inflammations [5]. Today, respiratory inflammation diseases
are at the top of primary referral reasons to clinics. Airways’ discharges
are treated using mucoactive drugs which accommodate airways’
clearance. Mucoactive drugs are classified based on their mechanisms;
one group directly affects the production and chemical composition of
airways’ discharges, resulting in high efficacy on mucociliary clearance.

Another group, having no certain impact on mucosa, helps in treatment
of unusual discharges by affecting airways’ structures and functions and
modifying pathopysiologic mechanisms [6]. The saccharin test is a valid
and reliable technique to evaluate the amount of mucociliary clearance
times [7]. The saccharin test and similar tests, such as Aspartame are
very useful to evaluate the mucociliary system’s function. These tests
are simple without the need for complex equipments and do not cause
any discomfort for the patient. Results of these tests are dependent on
individual factors which are directly related to mucociliary clearance.
Verifying the consistency between nasal mucociliary clearance and
tracheobronchial tracks suggests qualification of mucociliary clearance
by less invasive methods like the saccharin test.

Methods

This study was reviewed and approved by the Institutional Review
Board at the Iran University of Medical Sciences, and written informed
consent was obtained from all participants. Volunteers enrolled in this
clinical trial were scheduled to receive the NAC or the placebo and do
STT before and after it in Firoozrar general hospital, Tehran, Iran, from
January 2012 to March 2012. All individuals were divided into case and
control groups by double-blind method.
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A total of 100 healthy volunteers (55 males and 45 females) with a
mean age of 34.21 + 12.63 y/o (ranging from 19 to 86) were included.
Range of age for 71% of volunteers was 21-40 y/o, along with 3% under
20 and 3% above 60. The control group consisted of 24 men (48%) and
26 women (52%) with a mean age of 33.72 + 14.40 y/o (ranging from
18 to 86), resulting in a normal distribution. The case group consisted
of 31 men (62%) and 19 women (38%) with a mean age of 34.58 + 10.75
y/o (ranging from 27 to 58). Although the median was 28.5 and had
long distance to end of range (86 y/0), distribution of age data was not
normal. Despite the mean age, the mean gender of the control group
has a normal distribution, but the case group does not (Figure 1).

136 volunteers (double the required individuals) were selected
to participate in the study, where 36 volunteers were excluded. The
exclusion criteria consisted of any anatomical defects of the upper
respiratory system (septal deviation, hypertrophy concha, etc), history
of nasal surgery or trauma, history of chronic nasal and respiratory
diseases (asthma, rhinitis, chronic obstructive pulmonary disease,
nasal polyps), acute infection of respiratory diseases during the
recent six weeks, gustatory defects, history of smoking or use of drug
(“nonsmoker” was defined as a person who has never smoked or has
given up smoking for five years), pregnancy and history of taking drugs
that influence mucociliary clearance, such as antihistamines, adrenergic
drugs, anticholinergic drugs, local and systemic anticongestants,
mucolytics, corticosteroids and theophyllin.

The saccharin test was based on Anderson et al. method in 1974 [8].
Saccharin test was done for every individual before taking medication
of the NAC or the placebo. Individuals did not need any preparation
for STT. For each test, 50 mg of saccharin powder, made by Merk
Company, was placed on inferior turbinate, 1 cm away from the tip.
Since maximum dose of saccharin is 2.5 mg per kg per day, the amount
used in this study was safe for the subjects. The researcher made
sure saccharin was precisely located on mucosa, avoiding squamous
cell epithelium. All the individuals were in sitting position, bending
their heads slightly backwards and breathed normally. All individuals
were asked to inform the researcher of sensing any new taste in their
pharynx, where they were not aware of the sweet taste of saccharin
to prevent false positives. Time measurements were done before and
after taking NAC or the placebo. The highest NAC concentration in
the mucosa is detected within 2-4 hours. The taste of saccharin powder
requires 12-15 hours to be eliminated from the nasopharynx cavity,
and doing the second saccharin test sooner than 15 hours could have
interfered with the first one. As a result, the test was repeated after 18
hours to avoid overlaps and time measurements were done before and
after taking NAC or the placebo.

Data analysis was completed using Statistical Package for Social
Sciences version 16 software. For each measured variable, descriptive
values are expressed as the mean-standard deviation. Analysis of
quantitative variables was done using Wilcoxon signed ranked test.
Categorical variables were compared using the Chi square test and
relationships were assessed by Pearson. Reported p values are 2-tailed
and p<0.05 is considered statistically significant.

Results

The mean Saccharin Test Time (STT) before taking the placebo
or NAC in all 100 volunteers was 9':59” + 6:06” (ranging from 2’:00”
to 14:00”). The mean time of sensing sweetness of saccharin in the
control group before taking the placebo was 10':45” + 7°:13” (ranging
from 2:00” to 14:00”), where the mean time of distinguishing
saccharin taste in the control group after taking the placebo was

11:05” + 77:46” (ranging from 1:30” to 17°:00”). So, the mean time
of the control group before and after showed only a 00:20” difference.
In Wilcoxon Signed Ranks test of the control group, there were 3
individuals (6%) among 50 with no fluxion, 23 (46%) with negative
fluxion and 24 (48%) with positive fluxion.

The mean time of sensing sweetness of saccharin in the case group
before taking the NAC was 9:13” (rangeing from 3’:00 “to 14’:00”),
where the mean time of distinguishing saccharin taste in the case
group after taking the NAC was 8:07” (ranging from 1":00” to 15’:00”).
Therefore, the mean time of case group before and after taking NAC
demonstrated a 00:54” difference. Wilcoxon Signed Ranks in case
group showed 1 individual (2%) among 50 with no fluxion, 14 (28%)
with negative fluxion and 35 (70%) with positive fluxion. There was
no relationship between the age and the difference STT before and
after taking the placebo and NAC in all 100 volunteers, where related
analysis indicated 0.95% assurance (p=0.503) (Figure 2). There was
no relationship between the age and the difference of STT before and
after taking the placebo in control group (0.95% assurance (p=0.463)),
as well as NAC in the case group (0.95% assurance (p=0.309)). There
was no relationship between the genders and the difference of STT
before and after taking the placebo or NAC in the 100 volunteers,
where related analysis showed 0.95% assurance (p=0.153). There was
no relationship between the genders and the difference of STT before
and after taking the placebo in the control group, as well as NAC in
case group with 0.95% assurance ( p=0.271 and p=0.672, respectively).

Discussion

Respiratory system is tremendously resistant to environmental
triggers in spite of being exposed to many types of pathogens and toxic
chemical substances. Respiratory mucosa provides this highly effective
defense by traping inspiratory and removing toxic ingredients from
lungs using cilia movements, cilia beats and coughing [9]. Mucous is
produced and excreted constantly where mucosa cilia frequency of 12-
15 beats per minute rate is ensures clearance of mucosa layers at rate
of one millimeter per minute [10]. The rate of clearance is increased
by hydration, as well as higher rate of cilia beats due to adrenergic,
cholinergic and adenosine agonist drugs [10,11]. Examination of
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Figure 1: Age distribution of the control group.
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Figure 3: Comparative diagram in both groups.

mucociliary clearance can aid in screening respiratory diseases, where
early diagnosis of low mucociliary function can result in faster and more
effective treatments [12]. Studies have shown that using substances
such as saccharin and aspartame for testing is easy to implement and
analyze, without requiring complex equipments or causing discomfort
for patients [13-15]. In current study saccharine test was used to
evaluate the effect of NAC on mucociliary system. Maximum time of
sensing sweet taste (14°:00”) was shorter than that reported by Rev med
study (36:00”) [16] which is explained by race and genetic differences
as well as volunteers’ younger age of the current study. Previous studies
reported a meaningful relationship between demographic variants (age
and gender) and saccharin test time [15,16]. In the current study, there
was no relationship between age and the mean STT because there was
no normal age distribution by chance. We can improve this error by
bigger sample size (Figure 3).

Difference of 00:20” between the mean times of the control group
before and after application of placebo indicates lack of distinction
between them which was confirmed by Wilcoxon Signed Ranks. 48% of

individuals who took the placebo sensed the saccharin taste sooner than
the first time due to individuals’ autosuggestion. There is no statistical
relationship between these variants with 95% assurance (p=0.723).
The mean times of case group before and after taking NAC showed a
00:54” difference, with a positive fluxion nearly three-fold compared
to the control group. There was also a significant difference between
STT before and after taking the NAC with 95% assurance (p=0.021),
confirming the positive impact of NAC on nasal mucociliary clearance.

Conclusion

We conclude that N-acetyl Cysteine exerts measurable effect

on nasal mucociliary clearance in healthy volunteers and therefore
is beneficial in conditions associated with disruption of mucociliary
clearance such as rhinitis and sinusitis diseases as much as pulmonary
diseases as an adjuvant.
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