
doi.org/10.36721/PJPS.2026.39.3.REG.13264.1 

Pak. J. Pharm. Sci., Vol.39, No.3, March 2026, pp.803-808 803

Effect of linezolid combined with N-acetylcysteine on lung function, 

blood gas and inflammation in patients with severe pneumonia 
 

 

Xiaoyan Bai1, Yao Luo1, Jiajia Huang2 and Guangfeng Liu2* 
1Chengdu Public Health Clinical Medical Center, Chengdu, China  
2Department of Occupational Pulmonary Diseases, Shandong Academy of Occupational Health and Occupational Medicine, 

Shandong Province Hospital of Occupational Diseases, Jinan, China 
  

Abstract: Background: Severe pneumonia is a serious lung disease. The continuous and regular administration of 

antibiotics is currently used for severe pneumonia. However, the single antibiotic may enhance the drug resistance and 

the overall efficacy is not ideal. Objectives: This study aimed to investigate the efficacy and safety of linezolid 

combined with N-acetylcysteine (NAC) on lung function, blood gas and inflammation in patients with severe 

pneumonia. Methods: Eighty-four severe pneumonia patients were divided into linezolid group and linezolid +NAC 

group, which received the treatment using linezolid and linezolid combined with NAC for ten days, respectively. The 

total treatment efficacy was assessed. Before and after treatment, the pulmonary function indexes, blood gas indexes 

inflammatory response indexes were determined. Results: Compared with linezolid group, in linezolid +NAC group the 

disappearance time of cough, sputum and lung rales were shortened, the total effective rate, peak expiratory flow, forced 

expiratory volume in one second/forced vital capacity, arterial oxygen partial pressure and blood oxygen saturation were 

increased, the arterial carbon dioxide partial pressure and serum tumor necrosis factor α, interleukin 6 and hypersensitive 

C-reactive protein levels were decreased (all P < 0.05). Conclusion: In treating severe pneumonia, linezolid combined 

with NAC can significantly improve the lung function of patients, improve the blood gas indicators and reduce the 

inflammatory response, thus alleviating the clinical symptoms. 
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INTRODUCTION 
 

With the aggravation of environmental pollution, aging 

population and abuse of antibiotics, the incidence rate of 

severe pneumonia has increased significantly. Clinical 

study has shown that the occurrence of severe pneumonia 

is usually related to infections of pathogenic 

microorganisms such as viruses, fungi, bacteria, etc., 

which can cause the inflammation in alveoli, lung 

interstitium and terminal airways (Mizgerd, 2017). The 

severe pneumonia has the characteristic of sudden onset, 

serious condition and rapid development. If not treated 

timely, it can easily lead to the serious complications such 

as respiratory failure, multiple organ dysfunction 

syndrome and even death, posing a serious threat to the 

life quality and health of patients (De Pascale et al., 

2012). The continuous and regular administration of 

sufficient amounts of antibiotics to patients, combined 

with oxygen therapy, maintenance of water electrolyte 

balance and mechanical ventilation, is currently a routine 

clinical treatment for severe pneumonia. Linezolid is a 

class of oral oxazolidine antibiotic. It has good 

therapeutic effect on infections caused by gram-positive 

cocci such as methicillin-resistant Staphylococcus aureus 

and vancomycin-resistant Enterococcus (Narang and 

Gomber, 2004). In addition, it has no cross resistance with 

other antibacterial drugs that block the protein synthesis 

(Hashemian et al., 2018). Linezolid is often used to treat 

severe pneumonia (Wu et al., 2022). However, it is found 

that the efficacy of single linezolid is still not ideal in 

some patients and it needs to be combined with other 

drugs. N-acetylcysteine (NAC) is a new type of mucus 

solubilizer, which has strong effects on promoting mucus 

dissolution and inhibiting inflammatory reactions 

(Tardiolo et al., 2018). The inhalation NAC nebulization 

therapy is a new technology for clearing the bronchitis 

and improving the lung function. It can quickly dissolve 

the mucus and thick viscous secretions, with less 

stimulation to patients and is safe and reliable (Li et al., 

2018; Mancini et al., 2023). This study investigated the 

efficacy and safety of linezolid combined with NAC on 

lung function, blood gas and inflammation in patients 

with severe pneumonia. 

 

MATERIALS AND METHODS 

 

Subjects 

A retrospective analysis was performed on eighty-four 

severe pneumonia patients admitted to our hospital from 

May 2021 to May 2023. According to the treatment 

method, the patients were divided into linezolid group and 

linezolid + NAC group, with 42 cases in each group. In 

linezolid group there were 29 males and 13 females. The 

age ranged from 42 to 74 years old, with average of 

55.32±4.69 years old. The disease course was 1-11 days, 

with average of 7.56±1.24 days. As for the basic diseases, 

there were 7 cases of diabetes, 8 cases of chronic *Corresponding author: e-mail: liugfsd1@126.com 
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obstructive pulmonary disease and 6 cases of 

hypertension. In linezolid+NAC group there were 27 

males and 15 females. The age ranged from 41 to 76 years 

old, with average of 54.67±5.82 years old. The disease 

course was 1-10 days, with average of 7.01±1.32 days. As 

for the basic diseases, there were 8 cases of diabetes, 5 

cases of chronic obstructive pulmonary disease and 7 

cases of hypertension. There was no statistically 

significant difference in general data between two groups 

(P > 0.05).  
 

Inclusion criteria and exclusion criteria  

Inclusion criteria 

(1) The patients were diagnosed as severe pneumonia 

through laboratory, physical sign and imaging 

examinations; (2) the patients had not received the anti-

infection treatment before enrollment; (3) the patients 

were informed of this study and had signed the informed 

consent form.  
 

Exclusion criteria 

(1) The patients were with severe liver or kidney 

dysfunction; (2) the patients were with pulmonary fungal 

or viral infections; (3) the patients were allergies to drugs 

use in this study; (4) the patients were with hematological 

or immune system diseases. 
  
Treatment strategy 

All patients were given the standard supportive treatments 

such as fluid replacement, oxygen therapy, sputum 

aspiration, cough suppressing, bronchiectasis, 

antihistamine therapy, water electrolysis maintenance and 

nutritional support. The mechanical ventilation was 

performed for assisted respiration. In addition, in linezolid 

group, the patients were given linezolid injection (100 ml: 

200 mg linezolid; Jiangsu Haosen Pharmaceutical Group 

Co., Ltd., Lianyungang, China) by intravenous drip, with 

dosage of 600 mg, once per 12 h. On the basis of 

treatment strategy in linezolid group, the linezolid+NAC 

group was given NAC (0.3 g NAC was dissolved in 3 ml 

normal saline; Ruiyang Pharmaceutical Co., Ltd., Zibo, 

China) by nebulized inhalation, 10 min per time, twice 

per day. The treatment was performed for ten successive 

days. During the treatment, the disappearance time of 

clinical symptoms such as cough, sputum and lung rales 

of patients was recorded and the drug-related adverse 

reactions were observed.  
  

Assessment of total treatment efficacy  

After treatment, the total treatment efficacy was assessed 

as follows: remarkably effective: compared with before 

treatment, the clinical symptoms of patients completely 

disappeared and the pulmonary inflammation completely 

disappeared; effective: compared with before treatment, 

the clinical symptoms of patients were significantly 

improved and the pulmonary inflammation showed 

significant improvement; ineffective: compared with 

before treatment, the clinical symptoms of patients were 

not improved and the pulmonary inflammation was not 

improved or even aggravated. The total effective rate was 

calculated as follows: total effective rate (%) = [(number 

of remarkably effective cases + number of effective cases) 

/ total case number] × 100%. 

    

Measurement of pulmonary function 

Before and after treatment, the pulmonary function of 

patients was measured. The forced expiratory volume in 

one second (FEV1), forced vital capacity (FVC) and peak 

expiratory flow (PEF) were recorded and the FEV1/FVC 

was calculated. 

 

Blood gas analysis 

Before and after treatment, the arterial blood was 

collected for blood gas analysis. The arterial oxygen 

partial pressure (PaO2), arterial carbon dioxide partial 

pressure (PaCO2) and blood oxygen saturation (SaO2) 

were measured.  

 

Determination of inflammatory response indexes 

Before and after treatment, the venous blood was taken. 

After centrifuging at 3500 r/min for 10 min, the serum 

was obtained. The inflammatory response indexes 

including tumor necrosis factor α (TNF-α), interleukin 6 

(IL-6) and hypersensitive C-reactive protein (hs-CRP) 

were determined by enzyme-linked immunosorbent 

assays.  

  

Statistical analysis 

SPSS 22.0 statistical software was used for statistical 

analysis. The counting data (number or rate) were 

compared using χ2 test. The measurement data 

(mean±standard deviation) were compared using t test. 

The difference was statistically significant with P < 0.05. 

  

RESULTS 

 

Disappearance time of clinical symptoms 

As shown in table 1, the disappearance time of cough, 

sputum and lung rales in linezolid + NAC group was 

obviously shorter than that in linezolid group, respectively 

(P < 0.05). 

 

Total treatment efficacy 

After treatment, the total effective rate in linezolid + NAC 

group was 90.48%, which was significantly higher than 

71.43% in linezolid group (P < 0.05) (Table 2). 

 

Pulmonary function parameters 

Before treatment, there was no significant difference of 

PEF or FEV1/FVC between two groups (P > 0.05). After 

treatment, in each group the PEF and FEV1/FVC were 

significantly higher than before treatment (P < 0.05) and 

each index in linezolid + NAC group was significantly 

higher than linezolid group (P < 0.05) (Table 3). 
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Blood gas indexes 

Before treatment, the PaO2, PaCO2 and SaO2 had no 

significant difference between two groups, respectively 

(P > 0.05). After treatment, in each group the PaO2 and 

SaO2 were significantly higher than before treatment (P < 

0.05) and the PaCO2 was significantly lower than before 

treatment (P < 0.05). Compared with linezolid group, in 

linezolid+NAC group the PaO2 and SaO2 were further 

increased (P < 0.05) and the PaCO2 was further decreased 

(P > 0.05) (Table 4). 

 

Inflammatory response indexes 

Before treatment, there was no significant difference of 

serum TNF-α, IL-6 or hs-CRP level between two groups 

(P > 0.05). After treatment, in two groups each index was 

significantly higher than before treatment (P < 0.05) and 

each index in linezolid + NAC group was significantly 

lower than linezolid group (P < 0.05) (Table 5). 

 

Adverse reactions 

During the treatment, the incidence of adverse reactions 

in linezolid and linezolid + NAC groups was 9.52% and 

16.67%, respectively, with no significant difference 

between two groups (P > 0.05) (Table 6). 

 

DISCUSSION 

 

Severe pneumonia often presents with symptoms such as 

fever, dyspnea and expectoration. If this disease is not 

treated in a timely manner, the systemic inflammatory 

reactions may occur, which are difficult to control and 

easily accompanied by various comorbidities, leading to 

multiple organ failure in the body and directly threatening 

the life safety (Ching and Pedersen, 2025). In the clinical 

practice the reasonable medication is the key to treating 

severe pneumonia.  

 

Linezolid belongs to the oxazolone class of antibiotic and 

has a unique antibacterial mechanism. It is another new 

antibacterial drug after sulfonamide and quinolone and is 

widely used in severe inflammatory diseases caused by 

Gram-positive bacterial infections (Batts, 2000). NAC is a 

potent drug for dissolving thick secretions, with highly 

effective anti-inflammatory and antioxidant effects 

(Ghafarizadeh et al., 2021; Cepaityte et al., 2023). NAC 

can significantly improve the condition of pneumonia 

patients (Paraskevas et al., 2023). It can be used as a 

lavage solution when performing pulmonary lavage for 

patients with severe pneumonia (Song et al., 2024). This 

study explored the efficacy and safety of linezolid 

combined with NAC for patients with severe pneumonia. 

After ten days of treatment, compared with linezolid 

group, the total effective rate in linezolid+NAC group was 

significantly increased. This indicates that, compared with 

single use of linezolid, the linezolid combined with NAC 

is more effective for treatment of severe pneumonia. In 

addition, during the treatment, the incidence of adverse 

reactions had no significant difference between two 

groups, indicating that this combined strategy cannot 

decrease the safety of treatment. 

 

PEF and FEV1/FVC are important indicators reflecting 

the lung function in clinical practice (Buran Cirak et al., 

2022). The research has shown that in severe pneumonia 

patients a large amount of inflammatory secretions are 

produced in the airways, causing abnormal aggregation of 

neutrophils and macrophages in the respiratory mucosa. 

This can damage the airway mucosa and seriously affect 

the lung function, which exacerbates the disease 

progression and causes a series of clinical symptoms 

(Wang et al., 2021). The hypoxia and hypercapnia are 

typical manifestations of severe pneumonia, typically 

characterized by decreased PaO2 and SaO2 and increased 

PaCO2 (Alwadhi et al., 2017; Gates et al., 2013). It is 

found that, NAC can obviously improve the lung function 

of patients with pulmonary tuberculosis (Wallis et al., 

2024) and patients with chronic obstructive pulmonary 

disease (Zhou et al., 2024). In our study, during the 

treatment the disappearance time of cough, sputum and 

lung rales in linezolid + NAC group was obviously 

shorter than that in linezolid group, respectively. After 

treatment, the PEF and FEV1/FVC in linezolid + NAC 

group were significantly higher than those in linezolid 

group, respectively. In addition, Compared with linezolid 

group, in linezolid + NAC group the PaO2 and SaO2 were 

increased, respectively and the PaCO2 was decreased. 

This suggests that, compared with single use of linezolid, 

the linezolid combined with NAC can further enhance the 

lung function of patients with severe pneumonia, improve 

the blood gas indicators and alleviate the clinical 

symptoms. 

 

Inflammatory response is an important pathogenesis of 

severe pneumonia. When the body's immune defense 

system and respiratory tract are damaged locally, a large 

number of pathogens invade the respiratory tract, 

resulting in the pneumonia. When the respiratory tract is 

invaded by pathogenic microorganisms, the immune cells 

such as neutrophils and macrophages are activated, 

triggering the immune response. The inflammatory 

mediators are generated in large quantities, releasing a 

series of inflammatory chemokines and cytokines (Torres 

et al., 2015). TNF-α and IL-6 are the typical pro-

inflammatory factor. They can stimulate the aggregation, 

chemotaxis and migration of various inflammatory cells 

to the site of injury and increase the activity of cytokines, 

thereby exacerbating pulmonary vascular endothelial 

injury (Qin and Qiu, 2019). Hs-CRP is synthesized and 

secreted by liver cells in the body. The severe pneumonia 

patients are in a state of severe inflammatory response 

and lung tissue damage and hs-CRP is produced in large 

quantities and enters the blood circulation (Smilowitz et 

al., 2021). It is found that, NAC has obvious anti-

inflammatory property. As shown in study from Zhao et 
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al., (2022), NAC can reduce the serum TNF-α and IL-6 

levels during the acute lung injury. Askari et al., (2020) 

have found that, the oral NAC supplementation can 

reduce the serum level of CRP and IL-6.  

In our study, after treatment, the serum TNF-α, IL-6 and 

hs-CRP levels in linezolid+NAC group were significantly 

lower than those in linezolid group, respectively. This 

indicates that, compared with single use of linezolid, 

Table 1: Disappearance time of clinical symptoms (days). 
 

Group n Cough Sputum Lung rales 

Linezolid 42 17.34±3.05 14.04±2.03 13.20±2.62 

Linezolid + NAC 42 14.18±2.71 9.26±1.56 8.12±1.42 

t  5.019 12.100 11.047 

P  < 0.001 < 0.001 < 0.001 

NAC, N-acetylcysteine. 

 

Table 2: Total treatment efficacy. 

 

Group n Remarkably effective (n) Effective (n) Ineffective (n) Total effective rate (%) 

Linezolid 42 9 21 12 71.43 

Linezolid +NAC 42 13 25 4 90.48 

χ2     4.941 

P     0.026 

NAC, N-acetylcysteine. 
 

Table 3: Pulmonary function parameters. 

 

Index Group n Before treatment After treatment t P 

 

PEF (L/s) 

Linezolid 42 2.11±0.34 2.78±0.56 6.628 < 0.001 

Linezolid+NAC 42 2.01±0.42 3.35±0.55 12.549 < 0.001 

t  1.199 4.706   

P  0.234 < 0.001   

FEV1/FVC 

(%) 

Linezolid 42 62.05±11.34 67.27±8.72 2.365 0.020 

Linezolid+NAC 42 63.18±12.43 71.32±7.71 3.607 0.001 

t  0.435 2.255   

P  0.665 0.027   

NAC, N-acetylcysteine; PEF, peak expiratory flow; FEV1, forced expiratory volume in one second; FVC, forced vital capacity. 
 

Table 4: Blood gas indexes. 

 

Index Group n Before treatment After treatment t P 

PaO2 

(mmHg) 

Linezolid 42 51.56±9.16 71.61±13.12 8.116 < 0.001 

Linezolid+NAC 42 50.02±8.31 78.52±15.82 10.353 < 0.001 

t  0.817 2.184   

P  0.416 0.032   

PaCO2 

(mmHg) 

Linezolid 42 62.32±11.28 47.34±7.05 7.298 < 0.001 

Linezolid+NAC 42 60.17±13.91 40.16±8.17 8.043 < 0.001 

t  0.778 4.312   

P  0.439 < 0.001   

SaO2 (%) Linezolid 42 70.63±14.43 87.21±15.62 5.056 < 0.001 

Linezolid+NAC 42 72.16±15.63 94.38±14.29 6.800 < 0.001 

t  0.466 2.196   

P  0.642 0.031   

NAC, N-acetylcysteine; PaO2, arterial oxygen partial pressure; PaCO2, arterial carbon dioxide partial pressure; SaO2, blood oxygen 

saturation. 
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linezolid combined with NAC can further reduce the 

inflammatory response, thus alleviating the clinical 

symptoms of severe pneumonia patients. 

 

CONCLUSION 
 

In conclusion, in treating the severe pneumonia, linezolid 

combined with NAC can obviously enhance the lung 

function of patients, improve the blood gas indicators and 

reduce the inflammatory response, thus alleviating the 

clinical symptoms. This treatment strategy has obvious 

clinical promotion value. However, due to the small 

sample size, the findings of this study still needs to be 

further verified and deep research is needed to obtain 

more accurate results. 
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