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ABSTRACT

Introduction: One-third of all the patients with chronic obstructive pulmo-
nary disease (COPD) additionally take mucolytics as per GOLD recommenda-
tion due to complaints of productive cough despite their compliance with the
basic treatment regimen.

Aim: To assess the efficacy and safety of inhaled N-acetylcysteine (NAC) in
comparison with oral NAC in patients with COPD.

Material and methods: The study included 46 patients with stable COPD
and difficult expectoration of sputum who were divided into two groups. The
first group (n = 22) took 600 mg/day NAC orally, and the second one (n = 24)
inhaled 600 mg/day NAC by a nebulizer for 10 days. In the beginning and af-
ter the 10-day treatment the questionnaires (CAT, mMRC, CCQ, SGRQ, SF-36),
6-minute walk distance test and day and night cough symptoms were evaluated,
spirometry and sputum analysis were performed.

Results and discussion: In the first group, CCQ showed improvement in
the status of patients (by 9.7%). The severity of night cough also decreased. Other
indices were not changed statistically. In the other group, positive changes in the
CAT (by 13.1%) and SF-36 were reported, night cough decreased. Additionally,
forced expiratory volume in 1 s (FEV1) values increased (by 10.3%). No changes
in FEV1 2 hours after the first oral usage or inhalation of NAC were found.

Conclusions: Both oral administration and inhalation of NAC by a nebulizer
for 10 days has a similar positive effect on the manifestations of COPD, but the
inhalation route of the drug is also accompanied by improved quality of life and
lung function test (FEV1) as well.
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1. INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is one of
the most common diseases in the world and the fourth lead-
ing cause of death. Moreover, it is predicted to reach the
third place by 2020.! According to various estimates, at least
4% of the population in Ukraine has COPD, and about 2%
of Ukrainians’ deaths are caused by this disease.? COPD is
characterized by the presence of progressive shortness of
breath, provoked by physical activities, and chronic cough,
which may be accompanied by the secretion of sputum for
a long time. One-third of all the patients with COPD com-
plain of a productive cough and its severity can be variable
and may precede changes in lung function tests many years
before the diagnosis.!

Regular use of inhalation therapy (bronchodilators, cho-
linolytics, glucocorticoids and the combination of them) is
recommended for symptomatic treatment of patients with
the stable COPD.! However, despite the patients’ compli-
ance with the basic treatment regimen, some of them con-
tinue to complain of cough, often with difficult sputum pro-
duction. This excess secretion is associated with an increase
in the number of goblet cells and submucous glands due to
chronic irritation of the respiratory mucosa by various harm-
ful agents, primarily tobacco smoke. The concomitant use
of mucoactive drugs is justified for patients who do not re-
ceive glucocorticoids by inhalation. Mucolytics enhance the
rheological properties of sputum by altering the structure of
the mucus gel, thereby reducing its viscosity and elasticity,
which, in turn, facilitates the process of clearing the airways.?
NAC, erdocysteine, and carbocysteine were most commonly
studied among mucoactive drugs. Data on the positive effect
of oral mucolytics on the frequency and severity of COPD
exacerbations were obtained.*® It should be noted that the
content and regimen of basic therapy in the population of
patients who participated in the studies were heterogeneous.
The question of the mechanism of influence of these drugs
on the course of COPD remains debatable.

The number of studies examining the efficacy and safety
of administration of the mucolytic drugs, in particular NAC
and its derivatives, by a nebulizer in patients with respira-
tory diseases, is small.>? These studies were performed in
patients with bronchiectasis, cystic fibrosis, patients under-
going mechanical ventilation and in healthy subjects. In-
halation of NAC resulted in positive outcomes in all these
patient categories. For example, patients with bronchiecta-
sis inhaled the drug for 10 minutes daily by a nebulizer dur-
ing exacerbation, had a significant improvement in airway
clearance due to stimulation of expectoration of the sputum,
which was accompanied by improved oxygenation.!! Some
authors cite the results of these studies as an argument for
the expectation of a similar effect in patients with COPD.!?

No published data were identified regarding the effect of
inhalation of NAC on clinical status, quality of life, results
of lung function tests in patients with COPD, as well as a
comparison of the effectiveness and safety of inhalation and
oral usage of NAC in this category of patients.

2. AIM

To assess efficacy and safety of inhaled NAC in comparison
with oral NAC in patients with COPD.

3. MATERIAL AND METHODS

This was a randomized, open label, comparative, parallel
group, prospective, interventional, single-center study. This
trial was provided on an outpatient basis at the pulmonolo-
gy department of the Kyiv City Clinical Hospital No 3 from
2018 to 2019.

Eligible patients were men and women aged between 40
and 80 years with a diagnosis of COPD, confirmed by spi-
rometry,b!* with a disease duration of at least 12 months. The
patients had stable COPD with an unchanged therapeutic
regimen for at least 4 weeks and complained of difficulties
with expectoration, despite standard inhalation therapy.

Patients with other chronic lung diseases, tuberculosis,
neoplastic processes, hemoptysis, pulmonary hemorrhage,
gastric or duodenal ulcers, liver and renal failure, allergic
reactions to the study drugs and those who unable to per-
form procedures of the study were excluded. Pregnant or
breast-feeding women were also excluded.

In total, 49 patients suffering from COPD were screened
for the study. Out of 49 screened patients, 46 patients were
recruited in the study and 46 completed the study. The pa-
tients were randomized on two groups. In the first group,
the patients took NAC orally, in the second one — patients
inhaled it by a nebulizer. The active treatment period was
10 days. The patients in the first group received a NAC 200
mg solution orally as a powder (ACC 200, Salutas Pharma
GmbH, Germany) pre-dissolved in a glass of water 3 times
a day after meal. The patients in the second group received
3 mL of 10% solution (Ingamist, Yuria-Pharm, Ukraine) 2
times a day (in the morning and in the evening) by a neb-
ulizer, the duration of the inhalation session was approxi-
mately 10 minutes. In addition to NAC, patients continued
receiving baseline therapy in the unchanged mode during
participation in the study.

On first day and right after the 10th day of treatment,
severity of symptoms and treatment efficacy were evalu-
ated according to the data received from the 6-minute walk
distance test’® and validated questionnaires: for the overall
— COPD Assessment Test (CAT)!® and quantitative breath-
lessness questionnaire — Modified Medical Research Coun-
cil Dyspnea Scale (mMRC)," for the evaluation of the dy-
namics of respiratory symptoms — COPD patients Clinical
COPD Questionnaire score (CCQ),!® St. George’s Respira-
tory Questionnaire (SGRQ)," 36-Item Short Form Survey
(SF-36) to assess patients’ quality of life.? At the same time,
a sputum microscopic analysis was performed, in which
the number of leukocytes was expressed by the numbers:
1 (from 10 to 15 cells), 2 (from 20 to 25 cells), 3 (from 30
to 40 cells), 4 (more than 40 leukocytes), and was estimat-
ed according to the results of the quartile distribution of
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the obtained variation series. The severity of daytime and
nighttime cough was evaluated on a 6-point scale.?! Exter-
nal respiratory function parameters were determined using
a SPIROCOM spirometer (KhAI-Medika LLC, Ukraine)
according to the standard protocol'* at the beginning of the
study and after the end of the treatment.

The safety assessment of NAC was carried out in accor-
dance with the data of a survey and examination of patients,
including the measurement of blood pressure and heart rate,
as well as spirometry before and 2 h after the first use of the
drug.

The methods of descriptive statistics were used for sta-
tistical data processing, the nature of data distribution was
evaluated graphically and using the Shapiro—Wilk test. Mean
values were presented as mean and standard error of mean
(% o), while qualitative values — in percentages. Parametric
methods were used to process the data with the normal dis-
tribution of the variable series: to compare two independent
patient groups — a #-test for independent groups, to compare
the results of the initial and retest patients — a paired ¢-test.
The difference method was used to compare the significance
of changes in indicators in the treatment process between
groups. Nonparametric statistical methods were used for the
nature of data distribution other than normal: the Mann-
Whitney criterion for independent samples, and the Wil-
coxon criterion for the dependent ones. The difference was
considered significant at P < 0.05. Statistical analysis was
performed using Microsoft Office Excel 2016 (Microsoft
Corp., USA) and Statistica 10.0 (StatSoft Inc., USA).

4. RESULTS

The study included 38 men (82.6%) and 8 women (17.4%)
at the age from 49 to 78 years (mean 63.30 = 6.94 years),
with disease duration from 1 to 14 years (7.80 = 4.81). Ac-
cording to GOLD classification, the patients belonged to
clinical groups B (n = 23) and D (r = 23). All of them had
GOLD 2-4 spirometric grades. Out of these patients, 22 re-
ceived NAC orally and 24 inhaled by a nebulizer, as speci-
fied above. The unchanged basic therapy was the following:
(1) long-acting B2-agonists — 9 patients,

(2) prolonged cholinolytics — 22 patients,

(3) combinations of inhaled glucocorticoids with f3,-agonists

— 8 patients
(4) prolonged-cholinolytics with ,-agonists — 7 patients.

Clinical and demographic data and baseline assessment
results of patients are shown in Table 1.

According to the results of the 6-minute walk distance
test, all the questionnaires and spirometry, as well as the
number of patients belonging to the classification groups B
and D, the groups of oral and inhalation usage of NAC were
comparable.

With regard to demographic data, in the group of pa-
tients receiving NAC by inhalation, the number of female
participants was higher compared to the group receiving the
drug orally (P < 0.05).

The group of patients treated with NAC orally had a sig-
nificant improvement in the status of patients according to
the CCQ (a decrease by 9.7%) and a decrease in the severity
of night cough by 36.0% (Table 2). The significant dynamics
according to other questionnaires, the results of the 6-min-
ute walk distance test, the severity of daytime cough symp-
toms, and spirometry indices were not recorded. At the same
time, in patients receiving NAC by inhalation, significant
positive changes in the CAT questionnaire (13.1% decrease
from baseline) and SF-36, based on improved physical and
social activity and overall health perception (by 8.8%), as
well as decreased symptoms of night cough (by 36.8%) were
reported. In this case, the score according to mMRC, CCQ,
SGRQ, symptoms of daytime cough did not change signifi-
cantly. In addition, the average FEV1 values increased by
10.3% (P = 0.002) as evidence of a decrease in the severity of
bronchial obstruction (Table 3). There was also a significant
decrease (by 8.5%) in the number of leukocytes in the spu-
tum after inhalation treatment. Two patients noted a consid-

Table 1. Demographic and baseline characteristics of pa-

tients with COPD.
Route of NAC administration
Indicators Orally Inhalation
(n = 22) (n = 24)
Women, % 4.3 29.2%
Men, % 95.7 70.8
Age, years ()_(t G) 62.50 = 7.35 63.80 = 6.46
Duration of the disease,
years (X+ ) 7.60 + 5.24 7.90 = 4.37
Smoking status, %
Current 68.2 62.5
Ex-smoker 31.8 37.5

6-minute walk distance test,
m(X=* o)

250.24 = 39.20

248.25 + 41.04

CAT, points 22.18 = 8.41 23.46 + 3.66
mMRC, points 2.00 = 1.00 2.58 £0.83
CCQ, points 29.81 = 12.01 32.17 £ 9.40
SGRQ, points 54.87 = 13.84 56.78 = 11.45
SF-36, points 77.64 = 2.60 76.68 = 3.18
Physical function 64.14 = 2.01 61.35 + 2.92
Role limitation — physical 60.42 = 3.57 61.47 = 1.89
Pain 90.44 = 1.54 92.57 * 2.31
Health perceptions 69.52 + 3.24 67.05 = 3.03
Social function 74.52 £ 1.23 72.04 = 2.94
Role limitation — mental 90.23 + 4.25 89.25 + 4.87
Mental health 94.24 + 2.35 93.02 = 4.28
Daytime cough, points 2.18 = 0.57 2.63 = 0.88
Night cough, points 1.22 = 0.81 1.79 = 1.35
FEVI 1.69 = 0.71 1.17 = 0.53
% 53.46 = 20.11 42.57 = 17.04
Group B, % 50 50
Group D, % 50 50

Comments: * P < 0.05 for differences in values between groups.
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Table 2. Clinical efficacy endpoints in both groups of patients with COPD (X * c).

Route of NAC administration

Inhalation
(n = 24)

after treatment

(0)¢:110%

Indicators (n = 22)

before treatment after treatment before treatment

6-minute walk distance

test, m 250.24 = 39.20 251.90 + 40.56 0.587 248.25 = 41.04 252.30 = 40.11 0.127 0.583
CAT, points 22.18 = 841 21.18 £ 7.74 0.235 23.46 = 3.66 20.38 £5.78 0.003 0.592
mMRC, points 2.00 = 1.00 1.86 = 0.83 0.103 2.58 £0.83 221 = 1.10 0.055 0.328
CCQ, points 29.81 = 12.01 26.91 = 12.39 0.021 32.17 £ 9.40 29.54 £ 9.26 0.079 0.439
SGRQ, points 54.87 + 13.84 54.04 = 15.39 0.621 56.78 + 11.45 55.02 = 15.84 0.547 0.751
SF-36, points 77.64 = 2.60 78.54 + 3.05 0.578 76.68 = 3.18 78.49 + 3.39 0.197 0.204
Physical function 64.14 = 2.01 63.28 = 3.03 0.325 61.35 = 2.92 65.82 = 3.25 0.049 0.105
Role limitation — physical ~ 60.42 = 3.57 59.85 + 2.98 0.420 61.47 = 1.89 60.85 + 2.38 0.547 0.607
Pain 90.44 = 1.54 91.25 + 3.08 0.484 92.57 + 2.31 93.80 = 2.81 0.647 0.409
Health perceptions 69.52 = 3.24 70.01 = 3.06 0.301 67.05 = 3.03 72.98 + 2.96 0.012 0.357
Social function 74.52 £ 1.23 76.53 £ 2.75 0.102 72.04 = 2.94 77.09 = 3.06 0.042 0.454
Role limitation — mental 90.23 + 4.25 93.05 + 3.67 0.090 89.25 + 4.87 90.47 = 5.58 0.504 0.658
Mental health 94.24 + 2.35 95.84 = 2.81 0.223 93.02 + 4.28 95.47 = 2.89 0.207 0.674
Daytime cough, points 2.18 = 0.57 1.90 = 0.67 0.240 2.63 = 0.88 2.25 £ 0.79 0.077 0.352
Night cough, points 1.22 £ 0.81 0.77 = 0.60 0.032 1.79 = 1.35 1.13 £ 1.12 0.003 0.436

Comments: P, - significance of differences in values before and after treatment in the group; P, — significance of differences in changes in values
during treatment between groups.

Table 3. Spirometric and laboratory endpoints in both groups of patients with COPD (X * o).

Route of NAC administration

Orally (n = 22)

after treatment

Indicators Inhalation (n = 24)

before treatment before treatment  after treatment

FEVI
L 169 = 0.71 1.66 = 0.71 0.535 117 = 053 1.29 = 0.56 0.002 0.820
% 5346 + 2011 52.10 + 20.94 4257 +17.04  46.25 = 18.51

Amount of leukocytes 3, , 74 311+ 1.23 0.432 317 + 1.87 2.90 = 1.85 0.048 0.903

in sputum, quartiles

Comments: P, - significance of differences in values before and after treatment in the group, P, — significance of differences in changes in values
during treatment between groups.

Table 4. Changes in FEV1 2 hours later after the first use of NAC (X * o).

FEV1 before treatment FEV1 after first administration

Route of administration

Oially 1.69 + 0.71 1.68 = 1.21
% 53.46 + 20.11 52.97 +25.21
Inhalation 1.17 + 0.53 1.15 + 0.74
OLA] 42.57 + 17.04 41.18 + 19.24

Comments: All changes were not statistically significant (P > 0.05).

erable reduction in sputum discharge up to the absence of
sputum. There was no statistical difference in the dynamics
of indicators between the two groups.

To assess the safety, the direct effect of one dose of NAC
on the bronchial patency was analyzed in 2 h after the first
administration of the drug by spirometry parameters (Table
4). No significant changes in FEV1 due to single oral or in-
halation use of NAC were found. This may indicate that the
increase in FEV1 values after completion of the course of

inhalation of NAC was a cumulative result and was not di-
rectly related to the effect on the bronchial patency of the
inhalation procedure.

Treatment with NAC in both groups was generally sat-
isfactory. In the group receiving the drug orally, 3 (13.6%)
patients noted periodic discomfort in the stomach area,
which passed without treatment. Three (12.5%) patients in-
haling NAC by a nebulizer reported an increase in cough
immediately after inhalation of the drug, which smoothed
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away by itself within a few tens of minutes. Most patients
complained of an unpleasant odor of the drug, but this did
not affect their compliance with the therapys; all patients un-
derwent a full course of treatment. No episodes of arterial
hypotension and tachycardia were recorded.

5. DISCUSSION

As can be seen in the obtained results, oral administration of
NAC for 10 days improved the quality of life of the patients
with COPD, which was evaluated with the CCQ question-
naire, had a positive effect on the cough frequency at night,
although it did not affect the severity of COPD symptoms
and quality of life determined by CAT data, mMRC, SGRQ
and SF-36, exercise tolerance, and daytime cough rate. No
changes in spirometric parameters were detected. It should be
noted that the daily dose of NAC corresponded to the average
therapeutic one did not differ in both groups and was 600 mg.
The inhalation route of administration of the drug was also
accompanied by a significant reduction in the total severity of
COPD according to the CAT questionnaire, reducing cough
at night, but, unlike the oral group, also improving the quality
of life in the constituents of the SF-36 questionnaire (physi-
cal, social activity and general condition of the patient), and
values of respiratory function, and decrease in the number
of leukocytes in sputum. Thus, NAC in both variants of its
use had a positive effect on the clinical condition of patients,
but the 10-day course of inhalation by a nebulizer was also
associated with an improvement in quality of life and airway
patency assessed by spirometry, and a decrease in the num-
ber of leukocytes in sputum. No significant differences in the
dynamics of the investigated parameters were found between
groups, possibly due to the small sample of patients.

Previous studies examining the effect of oral NAC in
patients with COPD have shown conflicting data on the ef-
ficacy of the drug.?*? During its use in medium and high
doses,” a long-term decrease in the progression of FEVI,
a decrease in the incidence of exacerbations of the disease
and an improvement in quality of life have been observed
over a long period of time. Influence of the drug in aver-
age therapeutic doses on the clinical condition of patients
and spirometry indicators in short-term treatment (up
to 1 month) in patients with COPD outside the exacerba-
tion was not revealed. NAC has significant antioxidant and
anti-inflammatory properties, which may explain the posi-
tive changes with long-term mucolytic administration. The
drug increases the intracellular production of glutathione,
a molecule of which is part of the pulmonary antioxidant
protection, which reduces the inflammatory manifestations
of the disease and, thereafter, the frequency of exacerba-
tions.>” Our findings on the minor effects on COPD mani-
festations and the absence of changes in spirometry rates are
consistent with those of other researchers?* who used tradi-
tional NAC for a short time (up to 8 weeks).

No studies have been found to investigate the feasibility
of inhaling NAC using a nebulizer in patients with COPD

without exacerbation phase. In patients with chronic bron-
chitis, the efficacy and safety of NAC in dosed inhalers have
been studied.? In this study, significant dynamics were not
achieved, the use of the drug was safe, the course of treat-
ment was short, so it was impossible to estimate the fre-
quency of exacerbations. The efficacy of inhaled mucolytic
therapy in patients with other respiratory diseases, such as
cystic fibrosis, bronchiectasis,?” idiopathic pulmonary fibro-
sis,?*30 in patients undergoing mechanical ventilation and
in healthy persons has also been investigated.” The data
obtained confirm the safety of use and the positive effect
of the drug on the spirometry. Thus, according to a meta-
analysis,?® NAC slows the rate of decline in predicted vital
capacity in patients with idiopathic pulmonary fibrosis, and
the combination of the drug with perfinidone can reduce
the rate of annual reduction of forced vital capacity.” In pa-
tients with bronchiectatic disease, inhaled NAC not only
improved airway clearance but also significantly increased
oxygen saturation.!

Our research of the positive effects of a 10-day NAC
treatment with a nebulizer, such as reducing disease symp-
toms, improving quality of life, and reducing the severity
of bronchial obstruction, generally coincides with previous
studies, although they were performed in a different con-
tingent of patients with a pulmonary profile. Interestingly,
similar to our results for cough reduction after NAC treat-
ment were obtained in one of the experimental studies,*
which researched the effect of the drug on the protective
mechanisms of respiratory tract in animals. The argument
for the use of NAC with a nebulizer can be connected to the
higher potential of its mucolytic action during direct con-
tact with mucus, which due to the presence of a sulthydryl
group in the molecule.* It is probably ‘opens’ the disulfide
bonds in the mucus, thereby reducing its viscosity.”® In
addition, the drug has antioxidant and anti-inflammatory
properties, which can be more fully realized with local rath-
er than systemic use.

Limitations of the study were the following: small sam-
pling size, single-center trial, and lack of follow-up.

6. CONCLUSIONS

In the patients with COPD, both oral and nebulized usage of
NAC for 10 days has a similar positive effect on the manifes-
tations of the disease, including night cough, but the inhala-
tion route of the drug is also accompanied by the improved
quality of life and lung function test (FEV1). Oral usage and
inhalation of one dose of NAC has no direct effect on the
bronchial patency, the safety of the drug is satisfactory, side
effects develop infrequently and do not cause interruption
of treatment.
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