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			ABSTRACT

		

		
			The aim of this study was to assess changes in the expression levels of relevant factors associated with inflammation after Mycoplasma pneumoniae pneumonia (MPP) infection and compare the therapeutic effects of Qing Zhi Zhi Ke formula (QZZKF), QZZKF combined with azithromycin (AZM) and AZM on experimental mice. Fifty female BALB/c mice were randomly divided into five groups: control, model, AZM (0.01 g/kg/day), QZZKF (10.16 g/kg/day), AZM (0.01 g/kg/day) combined with QZZKF (10.16 g/kg/day). QZZKF and AZM were administered by oral gavage every day for five days.Pathological changes in lung tissue were determined by hematoxylin and eosin. The levels of cytokines in lung tissues were assessed by Immunohistochemistry staining and Quantitative real-time (qRT)-PCR assays were performed to explore the effects of QZZKF on the expression of surfactant protein A (SP-A), B7 homolog 3 protein (B7-H3), interleukin (IL)-12 and IL-13. The expression levels of B7-H3 and IL-13 were upregulated after MPP infection in the mouse model (P<0.05), while the expressions of SP-A and IL-12 were significantly decreased (P<0.05). After five days of therapy, the protein and mRNA expression levels of B7-H3 and IL-13 decreased, while SP-A and IL-12 increased, in response to QZZKF, QZZKF combined with AZM, and AZM. Statistical differences were detected between QZZKF and AZM, as well as between QZZKF combined with AZM and AZM, and between QZZKF and QZZKF combined with AZM. In conclusion: these results demonstrate that QZZKF combined with AZM exhibited protective effects on airway inflammation and inhibited the progression of MPP better than conventional treatments combined with western medicine.

		



		
			Article Information

			Received 06 November 2019 

			Revised 25 June 2020

			Accepted 20 January 2021

			Available online 30 July 2021

			(early access)

			Published 20 November 2021

			Authors’ Contribution

			X-FW designed the experiments. O-MH drafted the manuscript. Z-JY, C-HN, TZ and Y-FL conducted the experiments.YY helped in processing the medicine. XZ contributed to the statistical analysis. 

			Key words

			Azithromycin, Lung inflammatory, Mycoplasma pneumoniae, Qing Zhi Zhi Ke formula

			DOI: https://dx.doi.org/10.17582/journal.pjz/20191106011147

			*      Corresponding author: 24569573@qq.com

			00030-9923/2022/0001-0183 $ 9.00/0

			Copyright 2022 Zoological Society of Pakistan

		





		
			INTRODUCTION

			Mycoplasma pneumoniae (MP) is a common pathogen that causes atypical pneumonia and bronchitis in children, and its morbidity has gradually increased in recent years. In China, MPP accounts for 1.2%–34.3% of pediatric community-acquired pneumonia with an increasing frequency based on age (Zhimin, 2008; Quan and Min, 2007). Although MPP is usually a benign self-limited disease, it may develop into a severe life-threatening pneumonia in rare cases (Ou et al., 2008; Lee et al., 2006; Tamura et al., 2008). Azithromycin (AZM) is usually the first treatment choice for MPP in children at our hospital. In this paper, we evaluated the efficacy of oral prednisolone at a dose of 2 mg/kg/day (divided into two doses) administered with intravenous AZM for five days to children with refractory MPP in a prospective fashion.

			Surfactant protein A (SP-A) is a highly oligomeric protein component of pulmonary surfactant that belongs to the collagen domain containing-C type lectin (collectin) superfamily (Julie et al., 2015). Previous studies identified associations of specific SP-A alleles with infant wheezing (Melinda et al., 2007), tuberculosis (Joanna et al., 2000), respiratory distress syndrome (Floros et al., 2001a, b), respiratory syncytial virus infections (EI-Saleeby et al., 2010), and chronic obstructive pulmonary disease (Guo et al., 2000). SP-A plays a crucial role in pneumonia pathogenesis and binds live MP and mycoplasma membrane fractions with high affinity, which were once considered to be closely associated with refractory MPP. The expression of stimulatory and inhibitory B7 molecules seems to play an essential role in modulating immune cell functions through a variety of mechanisms, which is supported by previous findings that suggest that each B7 molecule has developed its own indispensable niche in the immune system. Another finding reported that B7 homolog 3 protein (B7-H3) decreased CD4+ T-cell functioning and skewed the CD4+ T-cell immunoresponses (Joseph and Stephen, 2013). Several clinical studies have reported that inflammation factors (IF) are associated with MP in children. These cytokines consist of interleukin (IL)-4, IL-5, IL-6, IL-10, IL-13, and IL-17 (Shao et al., 2015; Chen et al., 2016; Yan, 2016; Wang et al., 2016; Medjo et al., 2017; Zhao et al., 2017). Some cytokines are recognized to play a pivotal role in innate defenses against MP, such as IL-12 and IL-13, during the initial stages of infection (Ângela et al., 2018; He et al., 2019).

			Qing Zhi Zhi Ke formula (QZZKF) is a preparation developed by pediatricians at Liaoning Hospital (Liaoning University of Traditional Chinese Medicine (TCM), Liaoning, China) that has been shown to have curative effects in response to MPP. QZZKF which consists of white mulberry root bark, fried almonds, purple perilla, cape jasmine, Scutellaria, fritillary, Ophiopogon japonicus, loquat, Platycodon, and Licorice, is frequently used in the treatment of respiratory system diseases, such as cough and pneumonia, in TCM. Increasing evidences have indicated that QZZKF has the potential to relieve inﬂammatory changes around the lungs and airways in mice infected with MP (Wu et al., 2017, 2018). However, studies on QZZKF remain at the exploratory stage at present and there are still many unclear issues to be clarified and explored. In the present study, the therapeutic effects of QZZKF has been explored on the expression levels of SP-A, sB7-H3, IL-12, and IL-13 in an MMP model.

			MATERIALS AND METHODS

			Mice

			Female BALB/c mice (aged 3–5 weeks) were purchased from the Experimental Animal Center of Liaoning University of TCM and housed in a pathogen-free rodent facility. Food and water was made avialbale ad libitum. All experimental animal protocols were approved by the Institutional Animal Care and conducted according to the internationally accepted principles for laboratory animal use and care.

			Chemicals and reagents

			Morphoside standard chemical was obtained from Shanghai Yuanye Biotechnology Co., Ltd. (W21M7K15022, Shanghai, China). Standard chemicals including amygdalin, geniposide and baicalin were obtained from Beijing Suolaibao Technology Co., Ltd. (1118A024, 1203A024, 114E021, Beijing,China).AZM was purchased from Pfizer Pharmaceutical Co., Ltd. (X25459, Beijing, China). Trizol reagent was purchased from Takara Biotechnology (Dalian, China). Anti-sB7-H3 and anti-IL-12 antibodies were purchased from Bioss (AD04085689, AG07202594, Beijing, China). Anti-IL-13 antibody was purchased from Boster (Y-B207C16B, Wuhan, China). Anti-SP-A antibody was purchased from Proteinech (00002470, Wuhan, China).

			Preparation of QZZKF extract

			QZZKF components, including white mulberry root bark, fried almonds, purple perilla, cape jasmine, Scutellaria, Fritillary, Ophiopogon japonicus, loquat, platycodon, and licorice, were purchased from the Affiliated Hospital of Liaoning University of TCM (Liaoning, China) and were identified by Prof. Yan Yu of the Affiliated hospital of Liaoning University of TCM. These 10 herbs were mixed in a ratio of 1:1:1:0.8:1: 0.2:1:1:0.6:0.3 (w/w) respectively. Granules were extracted with eight volumes of distilled water for 60 min using the reflux method. The extraction procedure was repeated three times, and the total extract was filtered. The sieved decoction was evaporated in vacuo with a yield of 16.2%. White mulberry root bark, fried almonds, cape jasmine and scutellaria are the four main herbs of QZZKF. The contents of baicalin, geniposide, morphoside G, and amygdalin in QZZKF extract were 30 mg/g, 7.1 mg/g, 0.037 mg/g, and 3.8 mg/g, respectively (based on an HPLC analysis, data not shown).

			MP culture

			The MP international standard strain was provided by the virus laboratory in the Affiliated Hospital of Liaoning University of TCM. The main components in the fluid media were bovine brain-heart infusion medium, sterile fetal bovine serum, fresh yeast extract, glucose, penicillin, and phenol red at a pH of 7.6. Bacteria liquid for testing was diluted from 1x 10-1 to 1x 10-12 using the serial dilution method. After constant temperature incubation at 37°C for 14 days, the highest dilution when the red medium changed to yellow was used as the color change unit (CCU). Bacterium concentration was calculated as CCU/mL.

			Establishment of MMP animal model and treatment 

			Fifty female BALB/c mice weighing 20 ± 3g were randomly divided into five groups (10 mice/group) as follows: control, model, AZM (0.01 g/kg/day, once daily), QZZKF (10.16 g/kg/day, divided into two daily doses), and AZM (0.01 g/kg/day, once daily) combined with QZZKF (10.16 g/kg/day, divided into two daily doses). AZM and QZZKF were administered to mice by oral gavage for five days. Mice in the control group were treated with 50 μL of normal saline by nasal drip. The model, AZM, QZZKF, and AZM combined with QZZKF groups were treated with nasal drops containing 50 μL MP for three days. 

			Mice in the model group were administered a corresponding volume of distilled water. All mice were fed a normal diet and water ad libitum. Body weight was documented every week.

			Histopathological evaluation of the lungs 

			The upper lobe of the right lung, which was not lavaged, was fixed in 4% phosphate-buffered paraformaldehyde for 48 h. It was then embedded in paraffin, cut into transverse sections (5μm), and stained with hematoxylin and eosin (H and E). Morphometric analysis were performed using an optical microscope (Leica DM LB; Leica Microsystems, Wetzlar, Germany).

			Immunohistochemistry staining 

			Paraffin sections were prepared for immunohistochemical analyses using diaminobenzidine (DAB) purchased from Zhongshan Jinqiao Biotechnology Co. Ltd. (Beijing, China). The subsequent procedure was performed following the manufacturer’s instructions (described below). Sections were incubated in 3% hydrogen peroxide for 10 min and washed three times (3 min each) with 0.01 mmol/L PBS (pH 7.4). Antigenic site retrievals were accomplished by the microwave heat-mediated method and incubated with 10 mmol/L citrate buffer (pH 6) for 10 min. Sections were incubated for 2 h at 37°C with the antibody in 0.3% Triton PBS (0.01 mmol/L). Then, biotinylated goat anti-rat IgG was added for 20 min at 37°C. After rinsing with 0.01 mmol/L PBS for 6 min, sections were incubated with DAB for 15 min at 37°C, washed with PBS for 10 min, and dyed with hematoxylin for 20 s. Images were analyzed using Image-Pro Plus v6.0 software. For the staining analyses, integrated optical densities (IODs) of positively stained areas in one section at 200× magnification were determined.

			Quantitative real-time PCR analysis

			Total RNA was extracted from frozen right lung tissues using Trizol reagent. A total of 800 ng RNA was reverse transcribed to cDNA in a 20 μL reaction system using a Primescript™RT Reagent Kit (A121067A, Takara Biotechnology, Dalian, China). Quantitative real-time (qRT)-PCR was performed using a TB Green™ Premix ExTaq™II Tli RNaseH Plus kit following the manufacturer’s instructions (A171767A, Takara Biotechnology, Dalian, China). The expression of the housekeeping gene, GAPDH, was used as an internal control. RNA levels were determined by Bomaide Bioer Technology Co., Ltd. (Beijing, China). Analyses of qRT-PCR products were performed using Gel-Pro v4.0 software (Sigma–Aldrich Corporation, St. Louis, MO, USA). Sequences of the forward (F) and reverse (R) primers were as follows: 

			B7-H3, R 5-GACACGGATGCCACCCTACGCTG-3

			and R 5-CTGTGATGGTGACTGAGCCGTGAG-3;

			IL-12, F CACACTGGACCAAAGGGACT-3 and R 5-TGGTTTGATGATGTCCCTGA-3; 

			SP-A, F 5-GCTCAGCCTTAAGAACATGTGTAAGC-3 

			and 5-GCCTCATACTCTTCTCGTTGGG-3; 

			IL-13, 5-CTGCCCGTCTTCAGCCTAGCCG and 3-CGAGGCCCCAGGACCCCAG. Relative gene expression was calculated using the 2-ΔΔCt method. Data were normalized to GAPDH gene expression levels.

			Statistical analysis

			Data were analyzed using SPSS v10.01 software (SPSS Inc., Chicago, IL, USA). Quantitative data were expressed as the mean ± standard deviation (SD). A Student’s t-test or one-way analysis of variance (ANOVA) followed by Bonferroni test was used to analyze significant differences between the means. A p-value < 0.05 was considered statistically significant.

			RESULTS

			Lung tissue pathology

			All lung tissues appeared normal in the control group. There were no obvious pathological changes in the alveoli or alveolar walls and no obvious infiltration of inflammatory cells. The lung tissues of the model group overall appeared abnormal, characterized by atrophy or the disappearance of alveoli and lung parenchyma, as well as infiltration of neutrophilic and lymphocytic. The lung tissues of the AZM group overall appeared abnormal with atrophy or the disappearance of alveoli, and infiltration of a small number of inflammatory cells. The lung tissues of the QZZKF group, showed initial neutrophilic infiltration of the alveoli, followed by lymphocytic infiltrates thereafter. The lung tissues of the AZM combined with QZZKF group appeared mildly abnormal with inflammatory cell infiltration and visible endobronchial inflammatory exudate (Fig. 1).

			Expression of SP-A, B7-H3, IL-12, and IL-13 protein  determined by immunohistochemistry

			The expression levels of SP-A, B7-H3, IL-12, and IL-13 proteins in the lung tissues of mice were determined by immunohistochemistry (Fig. 2, Table I). Inflammatory cytokines play crucial roles in inflammatory responses and airway hypersensitivity. The levels of B7-H3 and IL-13 significantly increased in the model group when compared to the control group. QZZKF and AZM significantly decreased the expression levels of these cytokines. QZZKF combined with AZM decreased the expression of these cytokines when compared to the AZM and QZZKF groups. The protein expression of SP-A and IL-12 significantly decreased in the model group when compared to the control group. The level of SP-A in QZZKF combined with AZM significantly increased compared to neither the AZM group nor the QZZKF group. The level of IL-12 in QZZKF combined with AZM significantly increased when compared to the AZM group but was not significantly different when compared to the QZZKF group.
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			Fig. 1. Effects of QZZKF on morphological changes in the lung tissues of mice. The inferior lobe of the right lung was harvested after the final exposure after five days of treatment; sections were stained with hematoxylin and eosin (200×). Black arrow, infiltration of inflammatory cells. Yellow arrow, atelectasis and alveolar collapse.

			SP-A, B7-H3, IL-12, and IL-13 mRNA expression

			A quantitative diagnostic kit was used to investigate the therapeutic effects of QZZKF and AZM (Fig. 3, Table II). Results revealed that the levels of B7-H3 and IL-13 mRNA in the lung tissues of the model group were considerably higher compared to the other groups. AZM or QZZKF treatment reduced the expression levels of B7-H3 and IL-13 when compared to the model group. QZZKF combined with AZM further reduced the levels of B7-H3 and IL-13 when compared to the AZM group, suggesting that QZZKF combined with AZM had better therapeutic effects than AZM. The gene expression levels of SP-A and IL-12 significantly decreased in the model group when compared to the control group. The levels of SP-A in QZZKF combined with AZM significantly higher than that was in QZZKF and AZM group. The levels of IL-12 in QZZKF combined with AZM significantly increased when compared to the AZM group.

			[image: ]

			Fig. 2. QZZKF regulated SP-A, B7-H3, IL-12, and IL-13 expression levels in the lung tissues of mice. Data are presented as the mean ± SD (n = 8–10). *p < 0.05 compared to the control group; #p < 0.05 compared to the model group; and △p < 0.05 compared to the AZM group.
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			Fig. 3. Gene expression levels of SP-A, B7-H3, IL-12, and IL-13 in the lung tissues of mice. Data are presented as the mean ± SD (n = 8–10). *p < 0.05 compared to the control group; #p < 0.05 compared to the model group; and △p<0.05 compared to the AZM group.

			DISCUSSION

			MP infections cause tracheobronchitis and “walking” pneumonia and are linked to asthma and other reactive airway diseases. Some researchers have hypothesized that MPP sensitization and challenges induce collagen deposition in the tracheal and bronchial submucosa of BALB/c mice, resulting in airway reconstruction and subsequent severe bronchial hyper-responsiveness and asthmatic symptoms (Chu et al., 2005). As part of the infectious process, the community acquired respiratory distress syndrome toxins bind to SP-A and annexin A2 on airway epithelial cells and are internalized, leading to a range of pathogenetic events (Becker et al., 2015). SP-A plays crucial role in pneumonia pathogenesis and leads to the differential binding of MP membranes and regulation of host responses. Ledford et al. (2012) found that SP-A could suppress the eosinophil-mediated killing of MP in allergic lungs. Although mycoplasmas lack the LPSs found in gram-negative bacteria, they express several cell surface ligands capable of interacting with SP-A. SP-A binding to MP inhibits the growth of organisms (Piboonpocanun et al., 2005). As reported, SP-A is expressed in alveolar type II cells, Clara cells, and submucosal glands of the respiratory airways and has been detected in epithelial cells lining extrapulmonary sites (Balis et al., 1985; Khubchandani and Snyder, 2001). Since SP-A stimulates phagocytosis by binding to alveolar macrophages, it is considered an important contributor to innate lung immunity. In this study, SP-A levels increased in response to MP infection and QZZKF effectively decreased the levels of SP-A, which was better than AZM. However, QZZKF combined with AZM exhibited the best therapeutic effects, better than AZM or QZZKF, suggesting that QZZKF combined with AZM may be useful as an anti-MP agent.

			B7-H3 is an immune checkpoint molecule that belongs to the B7-CD28 family and was discovered in 2001 (Chapoval et al., 2001). This molecule has been associated with costimulatory and coinhibitory functions in regulating T-cell responses. Prasad reported that in mouse models of airway inflammation, B7-H3 downregulated Th1, but not Th2, responses, and B7-H3 gene knock-out mice developed severe airway diseases when compared to the wild type (Prasad et al., 2004). B7-H3 substantially augmented pro-inflammatory cytokine production in the development of pneumococcal meningitis in a murine model (Chen et al., 2012). Children with MPP had significantly higher levels of B7-H3 compared to the controls, and children with MPP combined with pleural effusion exhibited significantly higher levels of B7-H3 compared to those without effusion. The level of B7-H3 was positively correlated with the duration of fever in the clinical parameters of children with MPP (Li et al., 2019). Results of the present study indicated that MP infection increased the expression levels of B7-H3 (Figs. 2 and 3). The QZZKF group reduced the expression of B7-H3 when compared to the AZM group, suggesting that QZZKF combined with AZM exhibited better therapeutic effects than AZM.

			Table I. Effects of QZZKF and AZM on the lung tissues of MPP mice.

			
				
					
					
					
					
					
					
				
				
					
							
							Groups

						
							
							n

						
							
							SP-A

						
							
							B7-H3

						
							
							IL-12

						
							
							IL-13

						
					

					
							
							Control

						
							
							10

						
							
							0.030 ± 0.001

						
							
							0.012 ± 0.005

						
							
							0.198 ± 0.015

						
							
							0.042 ± 0.006

						
					

					
							
							Model

						
							
							8

						
							
							0.011 ± 0.022*

						
							
							0.113 ± 0.015*

						
							
							0.069 ± 0.011*

						
							
							0.179 ± 0.017*

						
					

					
							
							QZZKF

						
							
							10

						
							
							0.075 ± 0.008*#

						
							
							0.047 ± 0.008*#

						
							
							0.114 ± 0.012#

						
							
							0.086 ± 0.013#

						
					

					
							
							AZM

						
							
							9

						
							
							0.087 ± 0.010*#

						
							
							0.054 ± 0.013*#

						
							
							0.193 ± 0.016*#

						
							
							0.082 ± 0.012#

						
					

					
							
							QZZKF+AZM

						
							
							9

						
							
							0.043 ± 0.011#Δ$

						
							
							0.011 ± 0.007#$Δ

						
							
							0.271 ± 0.009#Δ

						
							
							0.035 ± 0.007#Δ$

						
					

				
			

			Data are presented as the mean ± SD (n = 8–10). *p < 0.05 compared to the control group; #p < 0.05 compared to the model group; △p < 0.05 compared to the AZM group; and $p < 0.05 compared to the QZZKF group.

			Table II. Gene expression levels of SP-A, B7-H3, IL-12, and IL-13 in MPP mice of different groups.

			
				
					
					
					
					
					
					
				
				
					
							
							Groups

						
							
							n

						
							
							SP-A

						
							
							B7-H3

						
							
							IL-12

						
							
							IL-13

						
					

					
							
							Control

						
							
							10

						
							
							2.921 ± 0.241

						
							
							0.755 ± 0.110

						
							
							1.183 ± 0.164

						
							
							1.418 ± 0.031

						
					

					
							
							Model

						
							
							9

						
							
							1.250 ± 0.087*

						
							
							2.989 ± 0.341*

						
							
							0.167 ± 0.042*

						
							
							4.251 ± 0.386*

						
					

					
							
							QZZKF

						
							
							9

						
							
							3.785 ± 0.363*#Δ

						
							
							1.333 ± 0.078*#Δ

						
							
							1.680 ± 0.282*#Δ

						
							
							2.331 ± 0.367*#Δ

						
					

					
							
							AZM

						
							
							10

						
							
							3.041 ± 0.163*#

						
							
							0.960 ± 0.074*#

						
							
							1.387 ± 0.240#

						
							
							1.838 ± 0.151#

						
					

					
							
							QZZKF+AZM

						
							
							10

						
							
							2.143 ± 0.159*#Δ$

						
							
							1.482 ± 0.429*#Δ$

						
							
							2.116 ± 0.244*#Δ

						
							
							1.096 ± 0.169#Δ$

						
					

				
			

			Data are presented as the mean ± SD (n = 9–10). *p < 0.05 compared to the control group; #p < 0.05 compared to the model group; Δp < 0.05 compared to the AZM group; and $p < 0.05 compared to the QZZKF group.

			A wide range of cytokines and chemokines were generated in the respiratory tracts infected by MP (Hardy et al., 2019; Kurai et al., 2013; Narita and Tanaka, 2012). B7-H3 plays a vital role in T-cell differentiation, such as Th1 cells (Chapoval et al., 2001). Thus, it is presumed that B7-H3 may be associated with IL-12 and IL-13 in patients with MPP. IL-12 is one of the most important Th1 cytokines that connects the innate and adaptive immune systems, and its most distinctive function is regulating the balance of Thl/Th2. When IL-12 is insufficient, Th1 responses are low and Th2 responses are enhanced. Meanwhile, IL-12 has an inhibitory effect on the production of Th2 cytokines, such as IL-13 and IL-4, which inhibit Th2 responses and reduce airway inflammation. IL-13 is a pleiotropic cytokine produced in large quantities by stimulated Th2 cells. IL-13 has many overlapping biological activities pertinent to the development of allergic responses in asthmatic airways. It is highly expressed in airways of subjects with atopic and non-atopic asthma and is possibly involved in the airway remodeling response and development of airway hyperresponsiveness (EI-Bassam et al., 2005). As previously reported, many constituents of QZZKF, specifically mulberry skin, fried almonds, and Scutellaria, attenuate the infiltration of inflammatory cells and decrease the concentration of cytokines (Jiang et al., 2017; Kan and Jiang, 2019). In the present study, QZZKF effectively decreased the levels of IL-13 and increased the levels of IL-12, which contributed to the alleviation of inflammatory responses in the lung tissues of experimental mice on both the protein and gene levels. Mice in the QZZKF combined with AZM group exhibited greatly reduced IL-12 expression compared to the QZZKF and AZM group on the gene level. Meanwhile, there were no significant differences detected between the IL-12 protein expression levels of the QZZKF combined with AZM and QZZKF groups. These results suggest that QZZKF exhibited better therapeutic effects than AZM.

			In conclusion, the findings of this study suggest that QZZKF exhibited a significant protective effect against MP infection by ameliorating airway and lung inflammation, which may be related to the downregulation of the SP-A, B7-H3, and IL-13 signaling pathways and promotion of the expression of IL-12, thereby providing promising insights into anti-MPP therapy.
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ABSTRACT
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Key words

The aim of this study was to assess changes in the expression levels of relevant factors associated withAZitthmYCiH, Lung iﬂﬂammat()l’y,
inflammation after Mycoplasma pneumoniae pneumonia (MPP) infection and compare the therapeutic Mycoplasma pneumoniae, Qing
effects of Qing Zhi Zhi Ke formula (QZZKF), QZZKF combined with azithromycin (AZM) and AZM on7}i Zhi Keformuta

experimental mice. Fifty female BALB/c mice were randomly divided into five groups: control, model,D OI: https://dx.doi.org/10.17582/

AZM (0.01 g/kg/day), QZZKF (10.16 g/kg/day), AZM (0.01 g/kg/day) combined with QZZKF (10.16

g/kg/day). QZZKF and AZM were administered by oral gavage every day for five days.Pathological]Oumal-ij/ 20191106011147

changes in lung tissue were determined by hematoxylin and eosin. The levels of cytokines in lung*

Corresponding author:

tissues were assessed by Immunohistochemistry staining and Quantitative real-time (QRT)-PCR assays24569573 @,qq.com
were performed to explore the effects of QZZKF on the expression of surfactant protein A (SP-A), B7 00030 992% /2022/0001-0183 $

homolog 3 protein (B7-H3), interleukin (IL)-12 and IL-13. The expression levels of B7-H3 and IL-13

were upregulated after MPP infection in the mouse model (P<0.05), while the expressions of SP-A and9.00/0

IL-12 were significantly decreased (P<0.05). After five days of therapy, the protein and mRNA expression Copyright 2022 Zoological Society
levels of B7-H3 and IL-13 decreased, while SP-A and IL-12 increased, in response to QZZKF, QZZKF of Pakistan

combined with AZM, and AZM. Statistical differences were detected between QZZKF and AZM, as well

as between QZZKF combined with AZM and AZM, and between QZZKF and QZZKF combined with

AZM. In conclusion: these results demonstrate that QZZKF combined with AZM exhibited protective

effects on airway inflammation and inhibited the progression of MPP better than conventional treatments

combined with western medicine.

INTRODUCTION

Mcoplasma pneumoniae (MP) is a common pathogen
that causes atypical pneumonia and bronchitis in
children, and its morbidity has gradually increased in
recent years. In China, MPP accounts for 1.2%-34.3%
of pediatric community-acquired pneumonia with an
increasing frequency based on age (Zhimin, 2008; Quan
and Min, 2007). Although MPP is usually a benign
self-limited disease, it may develop into a severe life-
threatening pneumonia in rare cases (Ou ef al., 2008; Lee
et al., 2006; Tamura ef al., 2008). Azithromycin (AZM) is
usually the first treatment choice for MPP in children at
our hospital. In this paper, we evaluated the efficacy of oral
prednisolone at a dose of 2 mg/kg/day (divided into two
doses) administered with intravenous AZM for five days
fo children with refractory MPP in a prospective fashion.
Surfactant protein A (SP-A) is a highly oligomeric
protein component of pulmonary surfactant that belongs

to the collagen domain containing-C type lectin (collectin)
superfamily (Julie ef al., 2015). Previous studies identified
associations of specific SP-A alleles with infant wheezing
(Melinda et al., 2007), tuberculosis (Joanna et al., 2000),
respiratory distress syndrome (Floros ef al., 2001a, b),
respiratory syncytial virus infections (EI-Saleeby et al.,
2010), and chronic obstructive pulmonary disease (Guo
et al., 2000). SP-A plays a crucial role in pneumonia
pathogenesis and binds live MP and mycoplasma
membrane fractions with high affinity, which were once
considered to be closely associated with refractory MPP.
The expression of stimulatory and inhibitory B7 molecules
seems to play an essential role in modulating immune
cell functions through a variety of mechanisms, which is
supported by previous findings that suggest that each B7
molecule has developed its own indispensable niche in the
immune system. Another finding reported that B7 homolog
3 protein (B7-H3) decreased CD4+ T-cell functioning and
skewed the CD4+ T-cell immunoresponses (Joseph and
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