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Background: The pathogenesis of chronic obstructive pulmonary disease (COPD) is complex. Our study
aimed to investigate the clinical value of N-acetylcysteine (NAC) combined with terbutaline sulfate in the
treatment of COPD in elderly people, and its effect on the apoptosis/anti-apoptosis mechanism.

Methods: A total of 126 elderly COPD patients in our hospital from December 2017 to June 2019 were
recruited and divided into 3 groups. On the basis of conventional treatment, control group A was treated
with NAC, control group B with terbutaline sulfate, and combined group with both drugs. Lung function,
apoptosis/anti-apoptosis related indexes, oxidative stress indexes, COPD assessment test (CAT) score, 6-min
walk distance (6MWD), blood gas indexes, and adverse reactions were measured.

Results: The levels of forced vital capacity (FVC), maximum mid-expiratory flow rate (MMF), peak
expiratory flow (PEF), oxygenation index (OI), and blood oxygen saturation (SaO2) in 3 groups were
increased after treatment, and were the highest in the combined group. The level of carbon dioxide partial
pressure (PaCO,) was decreased, and was the lowest in the combined group. After 2 weeks of treatment, the
6MWD had increased in all 3 groups and was longest in the combined group. The CAT score was decreased
and the extent of decrease was the highest in the combined group. After treatment, the levels of Fas receptor/
apoptosis antigen 1 (Fas/APO-1), soluble Fas (sFas), malondialdehyde (MDA), and reactive oxygen species
(ROS) in the three groups were decreased, and their levels were decreased most markedly in the combined
group. Meanwhile, the levels of superoxide dismutase (SOD) and glutathione peroxide enzyme (GSH-PX)
were increased after treatment, and their levels were the highest in the combined group. The incidence of
dizziness, chest tightness, constipation, and nasal congestion in the combination group were not significantly
different from the other two groups.

Conclusions: The combined use of terbutaline sulfate and NAC in the treatment of elderly patients with
COPD can effectively improve their lung function and blood gas status, which can strengthen athletic ability,

reduce the oxidative stress response, and regulate apoptotic cytokines.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
frequent clinical lung disease, and patients with typical
clinical features of an incomplete reversible flow limitation.
Affected by pulmonary hypertension, infection and other
factors, the lung expiratory resistance increases in some
patients, which can aggravate respiratory muscle fatigue
and result in a large amount of functional residual air,
making it difficult for respiratory muscle to maintain
normal ventilation and increasing difficulty in treatment.
COPD is a common disease with complex pathogenesis,
which is mainly related to the imbalance of protease/anti-
protease and oxidation/antioxidation, and inflammation of
the lungs and respiratory system. At present, expectorant
and antispasmodic measures are used clinically to intervene
COPD in elderly patients, which can relieve clinical
symptoms to a certain extent, but the effect of functional
improvement still requires attention (1). Terbutaline sulfate
and N-acetylcysteine (NAC) are commonly used in the
treatment of COPD. Terbutaline sulfate is a kind of B2
receptor blocker that can effectively relieve spasm of the
bronchial smooth muscle, expand bronchial tubes, and
improve the gas exchange function of the lungs (2). The
drug NAC is used to reduce phlegm by dissolving mucus,
and has many effects such as anti-mutagenicity, promotion
of pulmonary surfactant production, and anti-oxidation.
Use of NAC is also important in alleviating inflammation
of the respiratory system and improving lung function (3).
In recent years, the function and mechanism of apoptosis/
anti-apoptosis in COPD has received widespread attention,
where the levels of soluble apoptosis factors Fas receptor/
apoptosis antigen 1, soluble Fas (Fas/APO-1, sFas) are
abnormally increased, which can cause abnormal apoptosis
of inflammatory cells in the whole blood and lungs (4).
Therefore, this study firstly combined terbutaline sulfate
and NAC for the treatment of COPD in the elderly, and
clarified their combined effect on lung function, levels
of Fas/APO-1 and sFas. We present the following article
in accordance with the CONSORT reporting checklist
(available at http://dx.doi.org/10.21037/apm-20-1605).

Methods
General information

A total of 126 elderly COPD patients in our hospital from
December 2017 to June 2019 were recruited. According
to the differences of drugs on the basis of conventional

© Annals of Palliative Medicine. All rights reserved.

treatment, they were divided into three groups: control
group A (treated with NAC), control group B (treated
with terbutaline sulfate) and combination group (treated
with both drugs of NAC and terbutaline sulfate), with 42
cases in each group. This study was approved by the ethics
committee of the Ningbo Yinzhou No. 2 Hospital.

The participant selection criteria were as follows: (I)
patients met the COPD diagnostic criteria in the “Guideline
for the management of chronic obstructive pulmonary
disease” (5); (II) aged >60 years old; (III) mild to severe
disease presentation; (IV) no immunosuppressive agents
were taken within 3 months before the study; (V) patients
were aware of this study and provided signed informed
consent; (VI) patients willing to comply and effectively
cooperate in the completion of the investigation and
research.

Exclusion criteria were as follows: (I) comorbid
organic diseases such as kidney and liver disorders; (II)
comorbid bronchial tumor, tuberculosis, or asthma;
(III) concurrent metabolic, endocrine, or blood system
diseases; (IV) comorbid benign or malignant tumors; (V)
allergic constitution or a history of allergy to drugs; (VI)
glucocorticoids taken within 2 weeks before the study; (VII)
short-acting bronchodilators had been stopped >24 h, or
long-acting bronchodilators had been stopped >48 h; (VIII)
history of tracheotomy and tracheal intubation.

An additional elimination criterion was made for patients
who voluntarily withdrew during the course of study
or experienced severe adverse reactions. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by ethics committee of
our hospital, and informed consent was taken from all the
patients.

Treatment methods

After admission, participants in all 3 groups were treated
with anti-infection, antispasmodic, antibiotics, cough
relieving, and other conventional therapies. In addition
to conventional treatments, patients in the 3 groups were
treated with different drugs. Patients in the control group
A were treated with NAC (Hainan Zanbang, National
Medicine Standard H20080326, China), 0.6 g taken orally
1-2/day; patients in the control group B were treated
with terbutaline sulfate (AstraZeneca, National Medicine
Standard H10930058, China), 5 mg by compressed
nebulized inhalation, 15 mL for 2x/d; and patients in the
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combination group were treated with the combination
of NAC and terbutaline sulfate, with the same dosage as
control group A and B. The course of treatment for all 3
groups was 2 weeks.

Detection methods

A total of 5 mL of venous blood was extracted in a fasted
state and centrifuged to obtain the supernatant (3,000 r/min,
10 min). The indexes for apoptosis/anti-apoptosis were
then determined by enzyme-linked immunosorbent assay
(ELISA) using the Bio-RAD 550 microplate reader and
supporting kits (Bio-RAD, Hercules, CA, USA), including
the levels of apoptosis-related indicators (Fas/APO-1,
sFas), oxidative stress indicators [malondialdehyde (MDA),
reactive oxygen species (ROS), superoxide dismutase (SOD),
and glutathione peroxide enzyme (GSH-PX))].

Observation indicators

Lung function indexes were detected including forced
vital capacity (FVC), peak expiratory flow (PEF), and
mean maximal flow (MMF) before and 2 weeks after the
drug treatment in the 3 groups. The blood gas indexes
[oxygenation index (OI), oxygen saturation (Sa0,), partial
pressure of carbon dioxide (PaCO,)] were counted before
and 2 weeks after treatment in the 3 groups. Recording
the 6-min walking distance (6MWD) and CAT score
before and 2 weeks after treatment in three groups. The
COPD assessment test (CAT) included 10 items such as
cough, sputum, restriction of daily life, chest tightness, and
dyspnea. Each item had a total score of 5 points, giving
a total overall CAT score of 50 points, and the lower the
score, the better the treatment efficacy (6). The apoptosis/
anti-apoptosis related indexes (Fas/APO-1, sFas) were
analyzed before and 2 weeks after treatment in the 3 groups.
The levels of oxidative stress indicators (MDA, ROS, SOD,
GSH-PX) were analyzed before and 2 weeks after treatment
in the 3 groups. Finally, any adverse reactions in the 3
groups were recorded.

Statistical methods

Data were analyzed using the SPSS 22.0 (SPSS Inc., IBM
Company, Chicago, IL, USA). The measurement data
were expressed as (¥£SD), and analyzed by #-test. One-way
analysis of variance (One-way ANOVO) was used for the
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comparison among multiple groups. The least significant
difference (LSD) #-test was used for multiple comparisons.
The count data was described as n (%), and analyzed by the
chi-squared (y) test. Results with P<0.05 were considered
to be statistically significant.

Results
General clinical data of the three groups

There was no significant difference in the clinical data
regarding gender, age, complicating diseases, smoking and
drinking status, course of COPD, and degree of illness
between the 3 groups (7) (P>0.05, Table 1), and the 3 groups
were balanced and comparable.

Comparison of lung function of the three groups

There was no significant difference in FVC, MMF, and
PEF levels among the 3 groups before treatment (P>0.05).
After treatment, the levels of FVC, MMF, and PEF in the
3 groups were higher than they were before treatment; the

levels of the combination group were significantly higher
than those of the other 2 groups (both P<0.05, Table 2).

Comparison of blood gas indexes of the three groups

There was no significant difference in OI, SaO,, and PaCO,
levels among the 3 groups before treatment (P>0.05).
After treatment, OI and SaO, levels in the 3 groups were
higher than those before treatment, while the PaCO, level
was lower than before treatment. After treatment, OI
and SaO, in the combined group were higher than those
in the control groups A and B, and the PaCO, level was
significantly lower than that of the other 2 groups (P<0.05,
Table 3).

Comparison of CAT score and 6MWD of the three groups

There was no significant difference in 6MWD and CAT
score among the 3 groups before treatment (P>0.05). After
treatment, the 6MWD of the 3 groups had increased, and
the CAT score was lower than it was prior to treatment.
The 6MWD of the combination group had increased more
than that of the control groups A and B, while the CAT
score was more significantly reduced than in the other 2

groups (P<0.05, Tuble 4).
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Table 1 Comparison of general data of the three groups

General data Control group A (n=42) Control group B (n=42) Combined group (n=42) F/y? value P value
Age (year) 63-81 (72.06+4.01) 62-80 (71.19+3.83) 60-80 (70.56+4.10) 1.503 0.227
Gender 0.882 0.643
Male 14 (33.33) 18 (42.86) 15 (35.71)
Female 28 (66.67) 24 (57.14) 27 (64.29)

Complication

Hypertension 13 (30.95) 17 (40.48) 14 (33.33) 0.908 0.635
Hyperlipemia 8 (19.05) 11 (26.19) 9(21.43) 0.643 0.725
Other 4 (9.52) 3(7.14) 4(9.52) 0.199 0.905
Smoking 23 (54.76) 19 (45.24) 21 (50.00) 0.762 0.683
Drinking 26 (61.90) 25 (59.52) 23 (54.76) 0.458 0.795
COPD course (year) 1.9-8.1 (4.96+1.43) 2.0-9.3 (5.60+1.61) 1.8-8.8 (5.22+1.55) 1.854 0.161
lliness degree 0.055 0.997
Mild 1(2.38) 2 (4.76) 1(2.38)
Moderate 32 (76.19) 30 (71.43) 33 (78.57)
Severe 9(21.43) 10 (23.81) 8 (19.05)

COPD, chronic obstructive pulmonary disease.

Table 2 Comparison of pulmonary function indexes between groups (x+Sp)

Time Group N FVC (L) MMF (%) PEF (L/s)
Before treatment Control group A 42 2.05+0.27 57.41+5.06 1.37+0.19
Control group B 42 2.13+0.32 55.93+4.80 1.40+0.21
Combined group 42 2.11+0.31 58.01+6.11 1.35+0.20

F value 0.805 1.680 0.664

P value 0.450 0.191 0.517
After treatment Control group A 42 2.46+0.50 65.09+7.22 2.96+0.50
Control group B 42 2.50+0.48 63.78+6.90 2.89+0.58
Combined group 42 2.89+0.52 72.23+8.65 3.73+0.73

F value 9.471 14.929 24.454

P value <0.001 <0.001 <0.001

FVC, forced vital capacity; MMF, mean maximal flow; PEF, peak expiratory flow.

Comparison of apoptosis and anti-apoptosis indicators of levels in the combined group were significantly lower than
the three groups in the control groups A and B (P<0.05, Table 5).

Before treatment, there was no significant difference in the
Fas/APO-1 and sFas levels among the groups (P>0.05).
After treatment, the Fas/APO-1 and sFas levels in the 3
groups were lower than those before treatment, and the Before treatment, there was no significant difference in

Comparison of oxidative stress indicators of the three groups
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Table 3 Comparison of blood gas indexes among the three groups (¥+5D)

Time Group N Ol (mmHg) Sa0, (%) PaCO, (mmHg)
Before treatment Control group A 42 212.28+40.39 78.59+8.07 70.35+6.77
Control group B 42 209.66+41.23 81.18+7.89 72.33+7.06
Combined group 42 214.45+38.67 82.23+7.38 68.79+7.22
F value 0.150 2.432 2.683
P value 0.861 0.092 0.072
After treatment Control group A 42 269.26+27.03 86.06+5.19 52.31+7.79
Control group B 42 275.11+28.34 85.91+5.67 48.79+7.08
Combined group 42 312.68+30.45 92.77+4.81 40.23+6.33
F value 28.424 23.525 32.234
P value <0.001 <0.001 <0.001
Ol, oxygenation index; Sa0,, blood oxygen saturation; PaCO,, carbon dioxide partial pressure.
Table 4 CAT scores and 6MWD of the three groups (¥+SD)
6MWD (m) CAT (score)
Group N
Before treatment After treatment Before treatment After treatment
Control group A 42 302.64+30.68 329.15+30.18 16.09+1.78 10.12+1.17
Control group B 42 297.53+28.72 332.71+28.26 15.56+1.85 9.82+1.08
Combined group 42 300.77+31.58 383.21+36.04 16.27+1.83 7.98+0.97
F value 0.305 38.291 1.727 48.662
P value 0.738 <0.001 0.182 <0.001
CAT, chronic obstructive pulmonary disease (COPD) assessment test; 6BMWD, 6-min walking distance.
Table 5 Comparison of apoptosis/anti-apoptosis indexes among the three groups (¥+SD ng/mL)
Fas/APO-1 sFas
Group N
Before treatment After treatment Before treatment After treatment
Control group A 42 21.07+3.16 9.64+1.99 20.21+£3.03 17.03+1.68
Control group B 42 20.51+2.98 10.62+2.59 19.64+2.98 16.80+1.79
Combined group 42 21.93+3.02 6.06+1.50 21.04+3.32 14.06+1.51
F value 2.303 56.198 2.147 41.414
P value 0.104 <0.001 0.121 <0.001

Fas/APO-1, Fas receptor/apoptosis antigen 1; sFas, soluble Fas.

serum MDA, ROS, SOD, and GSH-PX levels among the
3 groups (P>0.05). Following treatment, the levels of MDA
and ROS in the 3 groups were lower than those before
treatment, while SOD and GSH-PX levels were higher

than those before treatment. After treatment, the levels of
MDA and ROS in the combined group were lower than
those of control groups A and B, and the levels of SOD and
GSH-PX in the combined group were significantly higher
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Table 6 Comparison of oxidative stress indexes among the three groups (x = SD)

Zhou et al. Clinical value of NAC combined with terbutaline sulfate in COPD

Time Group N MDA (mmol/mL) ROS (U/mL) SOD (U/mL) GSH-PX (umol/L)
Before treatment Control group A 42 72.53+6.19 935.26+37.32 178.34+16.35 15.59+2.37
Control group B 42 70.44+5.67 940.15+40.21 180.99+15.73 16.67+3.02
Combined group 42 73.67+7.02 941.77+41.34 177.56+16.09 15.91+2.60
F value 2.824 0.307 0.527 1.804
P value 0.063 0.736 0.592 0.169
After treatment Control group A 42 62.14+7.33 776.31+£36.77 219.78+21.35 22.36+3.65
Control group B 42 59.10+6.77 769.27+38.30 223.41+24.20 21.93+3.51
Combined group 42 50.19+6.59 678.20+35.35 260.39+23.32 28.29+4.01
F value 33.989 92.747 40.136 38.152
P value <0.001 <0.001 <0.001 <0.001

MDA, malondialdehyde; ROS, reactive oxygen species; SOD, superoxide dismutase, GSH-PX, glutathione peroxide enzyme.

Table 7 Comparison of adverse reactions among 3 groups [n (%)]

Group N Dizziness Chest distress Constipation Nasal congestion
Control group A 42 2(4.76) 0 (0.00) 1(2.38) 1(2.38)
Control group B 42 1(2.38) 1(2.38) 0 (0.00) 2 (4.76)
Combined group 42 3(7.14) 1(2.38) 1(2.38) 2 (4.76)

¥’ value 1.050 1.016 1.016 0.417

P value 0.592 0.602 0.602 0.812

than those of the other 2 groups (P<0.05, Table 6).

Comparison of adverse reactions of the three groups

There was no significant difference in the incidence of
adverse reactions among all 3 groups: combination group,

control group A, and control group B (P>0.05, Table 7).

Discussion

There is a high incidence of COPD amongst elderly
patients. During the pathogenesis of this disease,
inflammatory cells in the central airway infiltrate the
surface epithelium, and the subsequent increase of goblet
cells and enlargement of mucus secretion glands leads to an
increased secretion of mucus. Due to the weakened cough
reflex, the respiratory tract mucosa shrinks, cilia motility
is poor, and the power of expectoration is weakened. Thus
the secretions easily accumulate in the bronchus and airway,
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which increases the difficulty of diagnosing and treating
COPD (8).

Traditionally, expectorants and oxygen inhalation are
administered in the treatment of COPD, but the overall
effect still requires a large degree of improvement. In
order to further improve the treatment efficacy and
comprehensively intervene, it is necessary to combine other
drugs instead of relying on solitary drug performance.
Terbutaline sulfate is an important therapeutic drug
for COPD, which can act on the respiratory tract at a
higher concentration after compressed nebulization and
inhalation, activating adenosine cyclase and increasing the
content of cyclic adenosine and ribonucleic acid in cells.
As a kind of short-acting B2 receptor agonist, terbutaline
sulfate can also excite B2 receptors to relax the smooth
muscle of the respiratory tract, inhibit the production of
inflammatory mediators, expand airways, enhance cilia
movement, promote sputum discharge, and finally improve
the ventilation function of the lung (9). Concurrently,

Ann Palliat Med 2020;9(5):3393-3401 | http://dx.doi.org/10.21037/apm-20-1605



Annals of Palliative Medicine, Vol 9, No 5 September 2020

terbutaline sulfate can stimulate alveolar type II cells to
synthesize and secrete pulmonary surfactant, which can
reduce the viscosity of mucopolysaccharides, and promote
sputum secretion (10). Additionally, terbutaline sulfate can
reduce the adhesion of bacteria to airway epithelial cells,
thereby reducing the incidence of acute episodes of COPD.
It has been reported that after treatment with terbutaline
sulfate on the basis of conventional intervention, the lung
function of patients with an acute exacerbation of COPD
can be significantly improved (11). The drug NAC is also
commonly used in the treatment of COPD. It is a natural
derivative of L-arginine with active groups that can block
mucin disulfide bonds, decompose mucin, dilute sputum,
and enhance the physiological transport function of the
mucus cilia system (12). By inhibiting the neutrophils to
infiltrate into the lungs, NAC can remove ROS. It can
also decompose hydrogen peroxide by combining with
GSH-PX, thereby reducing lipid peroxidation, and the
inflammatory stress response. Another study pointed out
that NAC could effectively reverse the decrease in SOD
and GSH activity caused by smoking, thus it is useful as
an antioxidant to promote the balance of the oxidation-
antioxidant system, thereby reducing the oxidative damage
of the lungs (13,14).

In this study, we were the first to combine NAC and
terbutaline sulfate to implement comprehensive treatment
for COPD patients in our hospital. The results showed
the improvement of lung function and blood gas indexes
in the combined group to be more significant than those
of control groups A and B. The combined group scores
of 6MWD and CAT were higher than those of control
groups A and B, and SOD and GSH-PX levels were higher
than in control groups A and B, while MDA and ROS
levels were lower than those in the control groups A and B.
Among these indexes, MDA, ROS, SOD, and GSH-PX are
commonly used for clinical evaluation of the stress response,
so the above results indicated that the combination of NAC
and terbutaline sulfate was more effective in relieving the
oxidative stress response, and improving blood gas state and
lung function in elderly COPD patients. These therapeutic
actions enable the recovery of the patients’ exercise capacity
to be promoted. The results of this study can be explained
by these 4 reasons: (I) terbutaline sulfate promotes the
conversion of adenosine triphosphate (ATP1) to cyclic
adenosine monophosphate (cAMP), which can expand the
bronchus, and relieve airway spasm. The nebulizer method
can increase the local drug concentration to lengthen the
drug effect, which can effectively initiate the physiological
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activity of adenylyl cyclase in bronchial mucosal cells; (II)
the nebulized inhalation of terbutaline sulfate can enhance
the scavenging ability of bronchial cilia, reduce vascular
permeability, and inhibit the generation of inflammatory
mediators by mast cells, thereby improving the pulmonary
function and hemodynamic status, and reversing hypoxemia;
(III) the activation of inflammatory cytokines such as
tumor necrosis factor-a. (I'NF-a) and nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-xB) can be
prevented by NAC, which in turn blocks macrophages and
epithelial cells from secreting inflammatory factors, and
prevents the accumulation of excess neutrophils in the lung;
(IV) anti-proteases can be activated by NAC, and this can
prevent polymorphonuclear leukocytes from producing
elastase and causing alveolar elastase, which can improve
the ventilation function of the lungs, protect alveolar
elasticity, prevent al-antitrypsin from being inactivated by
hydrogen peroxide, and reduce the expression of TGF-p1.
Finally, NAC plays an important role in inhibiting airway
remodeling and restoring lung function.

In addition, our current research included a comparative
study on the changes of apoptotic cytokines before and
after treatment on the basis of previous studies. The
results showed that after treatment, the Fas/APO-1 and
sFas levels of the combined group were significantly lower
than those of control groups A and B. As a transmembrane
glycoprotein of the TNF family, Fas can bind to the
corresponding antibody and natural ligand (FasL) in the
form of a trimer, which can aggravate cell apoptosis. Studies
have shown that the abnormal apoptosis pathway mediated
by Fas/APO-1 causes abnormal apoptosis of T lymphocytes,
macrophages, neutrophils, and other inflammatory cells in
COPD patients, and accelerates the progress of COPD (15).
At the same time, the high expression of sFas can inhibit the
apoptosis of neutrophils, and promote their accumulation
in the lung tissues and blood vessels to produce more
free radicals, interleukin 8 (IL-8), and TNF-a. The
increase of inflammatory factors encourages further
inflammatory infiltration of the lungs, and triggers the
production of multiple proteases, which directly damage
the lung parenchymal cells. Meanwhile, elastases such as
matrilysin (MMP-7) can also be regulated by sFas to cause
macrophages to lose the ability of smoothly distinguishing
and engulfing neutrophils, which allows neutrophils to
persist in exacerbating inflammatory injury (16). Therefore,
the above results indicated that NAC combined with
terbutaline sulfate can diminish the inflammatory response,
reduce inflammatory damage, and accelerate recovery of the
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lung function of COPD patients by regulating the apoptosis
mechanism. The increased efficacy of the combination of
NAC and terbutaline sulfate might be due to the 2 drugs
inhibiting the production and expression of inflammatory
factors through different and complementary mechanisms.

In summary, the combined treatment of terbutaline
sulfate and NAC in elderly COPD patients can effectively
improve lung function and blood gas status, and strengthen
the body’s capacity for exercise by reducing oxidative stress
and regulating apoptosis cytokines. However, there are still
some limitations in this study, such as a small sample size.
Therefore, it is still necessary to expand the scope of sample
selection and increase the sample size to further explore and
confirm whether the results have broad validity.
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