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Abstract Objective: To investigate the anti-MRSA efficacy of Amomum tsao-ko (A. tsao-ko) essential oil in vivo, the oral preventive effect and therapeutic effect were evaluated for anti-MRSA infection in mice. Methods: Firstly, minimal lethal dose (MLD) of MRSA was determined in mice, and the MLD concentration of MRSA was used to make a system infection model in mice by intraperitoneal injection. The effects of preventing and treating MRSA-infected mice were based on the results of oral A. tsao-ko essential oil for three consecutive days. The difference is that the prevention group first receives the drug treatment and then attacks the MRSA, and the treatment is followed by the drug treatment after the challenge of MRSA. On the 7th day, the survival rate was counted for therapeutic effect evaluation. The ED50 of A. tsao-ko oil was calculated by Karber’s method. The concentrations of TNF-α, IL-1β and IL-6 were determined by ELISA kits in the preventive effect group (0.93 g.kg-1.d-1) and the histopathological changes of liver, kidney and lung were observed and recorded. Results: A. tsao-ko essential oil a good anti-MRSA infection effect, and the prevention effect is better. The ED50 of A. tsao-ko essential oil was 0.42 g. kg-1.d-1 and 0.73 g.kg-1.d-1 were used for preventing and treating MRSA infection, respectively. A. tsao-ko essential oil could improve the inflammatory response caused by MRSA infection through regulating and the release of inflammatory factors such as IL-1β, IL-6, and TNF-α. Conclusion: A. tsao-k oessential oil showed strong anti-MRSA efficacy in vivo by intragastric administration, and it is an alternative drug for treating human and animal diseases caused by MRSA. 
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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Methicillin-resistant Staphylococcus aureus (MRSA) was discovered for the first time in 1961 after methicillin was introduced in 1959 (Jevons MP et al., 1961). MRSA, known as "super bacteria", is one of the most important drug-resistant pathogens for nosocomial infections and community-acquired infections. MRSA could cause soft tissue infections, pneumonia, endocarditis and sepsis severe infections. MRSA have induced about 25%-50% of the world's hospital-acquired Staphylococcus aureus infections, which is known as the three major infectious pathogens together with hepatitis B virus and Human Immunodeficiency Virus (BoschT et al., 2015; Malani PN., 2014; Xuhong Y et al., 2014; Frazee BW et al., 2005). With the widespread use of antibiotics, Staphylococcus aureus had shown drug resistance and affected the therapeutic effect of drugs seriously. At present, Vancomycin is the main drug for the treatment of MRSA infections, but the application of vancomycin is subject to certain restrictions, as vancomycin-susceptible bacteria have been continuously reduced and the side effects of itself (Chen LF., 2013; Álvarez R et al., 2016). It is urgent to find new and safe alternative agents for treating MRSA infection. A.tsao-ko Crevostet Lemaire is a perennial herb of the ginger family widely grown in southwestern China. As a food flavor, it can be used as a condiment for cakes, foods, and hotpots. Amomum tsao-ko is usually used to treat a variety of gastrointestinal diseases in China (Rahman MR et al., 2017; Dai Min et al., 2016), and the antibacterial active part of A. tsao-ko was its essential oil (Cui Q et al., 2017; Qiu S et al., 1999).
Compared with antibiotics, Chinese Traditional medicines have many advantages, such as relatively low toxicity, low drug residue, the non-specific antibacterial effect being not easy to produce drug resistance, and the ability to regulate and improve the body's immune capacity (Cui Xin-jie et al., 2017; Tan X et al., 2015; Chen X et al., 2015). Therefore, it is of great potential to develop Chinese Traditional medicine as an antibacterial drug.
The preliminary study has found that A. tsao-ko oil had strong anti-MRSA activity in vitro (Hang Xu et al., 2017). While there were no studies on the effect of A. tsao-ko oil on anti-MRSA infection in vivo. Based on this, this study intends to conduct an in-depth study on the anti-MRSA infection efficacy of A. tsao-ko essential oil in vivo, for laying a foundation for subsequent research on the comprehensive development and utilization of A. tsao-ko.
2 Material and methods
2.1 Bacteria strains
The MRSA standard strain ATCC43300, purchased from the American Type Culture Collection, was deposited in the Sichuan Provincial Experimental Teaching Demonstration Center of Medical Laboratory of Chengdu Medical College.
2.2 Experimental materials
Amomum tsao-ko Crevostet Lemaire was provided by Beijing Tong Ren Tang (batch#: MKBQ1662V). Vancomycin, purchased from Bioengineering (Shanghai) Co., Ltd., was diluted to 30.00 mg/ml with physiological saline. Tween-80 was purchased from Sinopharm Chemical Reagent Co., Ltd., with batch number 20150429. Mucin from porcine stomach was purchased from Sigma Company, with batch No. SLBP2671V. Nutrient Agar was purchased from Beijing AOB Star Biotechnology Co., Ltd., with Batch No.20150810. TNF-α, IL-1β, IL-6 ELISA kits were purchased from Elabscience.
2.3 Animals
Kunming mice, SPF grade, half male and half female (20 ± 2) g, were provided by the Chengdu Institute of Biological Products Co., Ltd. The animal production license number is SCXK (Chuan) 2016-08. Animal experiments were conducted under the principles of good laboratory animal care and performed in compliance with the Animal Ethics Review Committee of Chengdu Medical College, and this committee also approved the experiments.
2.4 Extraction of A. tsao-koessential oil
[bookmark: _Hlk527032317]A. tsao-ko essential oil was extracted by steam distillation method (Qiu S et al., 1999). The density was measured (ρ = 929 mg.ml-1) and stored in brown bottle at 4 ℃ for future use. The essential oil was dissolved with 1% Tween-80 and was diluted to 0.93, 0.65, 0.47, 0.33, 0.17, 1.39, 0.96, 0.68, 0.48 and 0.33 g.ml-1 with physiological saline for using.
2.5 Minimal lethal dose (MLD) of MRSA
ICR Mice (SPF grade) were randomly divided into 6 groups according to body weight (n = 10), 5 experimental groups and one control group, after they adaptive the environment. MRSA was grown in TSA and collected at logarithmic phase. Then bacterial suspension was diluted with physiological saline into different concentrations. After blending with 10% mucin and bacterial suspension half and half, the solution was intraperitoneally injected to mice to made the infection model. The mortality and clinical symptoms were recorded in each group. The smallest bacterial concentration that caused all mice death was recorded as the minimum lethal dose (MLD) of MRSA. 
2.6 Anti-MRSA infection efficacy of A. tsao-ko oil
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Ninety mices were randomly divided into 9 groups (n = 10) with half of males and females. The groups were blank control group, model control group, solvent control group, positive drug control group, 5 experimental groups, respectively. The blank control group and model control group were given saline by intragastric administration. The solvent control group was given Tween-80 by intragastric administration. The positive control group was given vancomycin by intragastric administration. The different doses of A. tsao-ko essential oil were used for the experimental groups by intragastric administration, once a day for 3 days (Tab.1). Except for the blank group, the mice in the remaining groups were challenged with the MLD of MRSA after administrating on the 3rd day. On the 7th day after challenging, the survival rate was statistically observed for preventive effect evaluation.
To study the therapeutic capacity of A. tsao-ko essential oil, ninety mice were randomly divided into 9 groups as mentioned above, which contained blank control group, model control group, solvent control group, positive drug control group, and five experimental groups. In addition to the blank group, the mice in other groups were intragastrically injected with the MLD dose of MRSA bacterial then different doses of A. tsao-ko essential oil were given intragastrically once daily for 3 days (Tab.2). On the 7th day after the last drug administration, the survival rate was counted for therapeutic effect evaluation.
[image: ]
Fig 1. Mice experimental design.
2.7 Effect of A. tsao-ko oil on cytokines
On the 7th day, the serum were collected from one A. tsao-ko essential oil treating group (0.93 g.kg-1.d-1), positive control group (vancomycin group 0.30 g.kg-1.d-1), and blank control group. Model group mice typically died within 24 hours, so blood samples from this group were collected 12 h after infection with MRSA. The levels of TNF-α, IL-1β, and IL-6 were analyzed by ELISA kits.
2.8 Histopathological evaluation
On the 7th day after treatment, the liver, kidney, and lung tissues were sampled in the experiment 1 group (Tab.1). The samples were rinsed with saline and placed in 4% formaldehyde solution. Fresh formaldehyde was used to further fix the samples after 24 hours, and then the sample was embedded in a wax block and cut into 5 μm pieces. The tissue slices were stained with hematoxylin and eosin for microscopic examination. All observations were made manually in a blinded manner using a light microscope with × 5, ×10, ×20, and × 40 objective lenses.
2.9 Statistical Analysis
The 50% effective does (ED50) was calculated by Karber’s method. The statistical analysis of data was carried out by one-way analysis of variance through SPSS software (ver 19.0, SPSS Inc., Chicago, IL, USA), and P＜0.05 or P＜0.01 was considered statistically significant.
3 Results
3.1 Preventive effect of A. tsao-ko essential oil on MRSA in mice
A. tsao-ko essential oil was administered by intragastric administration once a day for 3 days before MLD of MRSA injecting, and then the survival rate was calculated on the 7th day after MRSA infection. As shown in Tab.1, significant anti-infection activity was observed in mice infected with MRSA, and the ED50 of A. tsao-ko essential oil for preventing MRSA infection was 0.42 g.kg-1.d-1. And the survival rate of mice infected with MRSA would increase along with the dose increase of A. tsao-ko oil. When the dose of A. tsao-ko oil increased to 0.93 g.kg-1.d-1, the survival rate of mice infected with MRSA reached to 100%. 
Tab. 1 Preventive effect of A. tsao-ko essential oil in mice infected with MRSA
	Groups
	Drugs
	Dose
(g.kg-1.d-1)
	No. of animals
	No. of survivors
	Survival rate (%)

	Blank
	Saline
	-
	10
	10
	100

	Model
	Saline
	-
	10
	0
	0

	Solvent
	Tween-80
	0.005
	10
	0
	0

	Positive
	Vancomycin
	0.30
	10
	10
	100

	Experiment 1
	A. tsao-ko oil
	0.93
	10
	10
	100

	Experiment 2
	A. tsao-ko oil
	0.65
	10
	8
	80

	Experiment 3
	A. tsao-ko oil
	0.47
	10
	6
	60

	Experiment 4
	A. tsao-ko oil
	0.33
	10
	3
	30

	Experiment 5
	A. tsao-ko oil
	0.17
	10
	0
	0


3.2 Therapeutical effect of A. tsao-ko essential oil against MRSA in mice
A. tsao-ko essential oil was used to control infection by intragastric administration once a day for 3 days after MRSA infected. A. tsao-ko essential oil significantly shown obvious anti-MRSA efficacy in mice (Tab.2). The ED50 of A. tsao-ko essential oil for treating MRSA infection was 0.73 g.kg-1.d-1. Using high tolerable dose (0.96 and 1.39 g.kg-1.d-1) of A. tsao-ko oil in mice, the survival rate was 60%. Meanwhile, the cure rate was only 10% with 0.33 g.kg-1 A. tsao-ko oil. The anti-MRSA efficacy of A. tsao-ko oil showed more evident as doses increases. Therefore, A. tsao-ko essential oil exhibited significant dose-effect relationship in treating MRSA infection. 
Tab.2 Therapeutical effect of A. tsao-ko essential oil in mice infected with MRSA
	Groups
	Drugs
	Dose
(g.kg-1.d-1)
	No. of animals
	No. of survivors
	Survival rate (%)

	Blank
	Saline
	/
	10
	10
	100

	Model
	Saline
	/
	10
	0
	0

	Solvent
	Tween-80
	0.005
	10
	0
	0

	Positive
	Vancomycin
	0.30
	10
	10
	100

	Experiment 1
	A. tsao-kooil
	1.39
	10
	6
	60

	Experiment 2
	A. tsao-ko oil
	0.96
	10
	6
	60

	Experiment 3
	A. tsao-ko oil
	0.68
	10
	5
	50

	Experiment 4
	A. tsao-ko oil
	0.48
	10
	3
	30

	Experiment 5
	A. tsao-ko oil
	0.33
	10
	1
	10


3.3 Effect of A. tsao-ko oil on cytokines in mice infected with MRSA
After treatment with A. tsao-ko essential oil, the levels of inflammatory cytokines including IL-1β, IL-6, TNF-α decreased significantly. Except for IL-1β, the levels of IL-6 and INF-α nearly returned to normal levels at the end of experiment. The content of IL-6 decreased from 2065.00 ± 139.40 (the model group) to 58.72 ± 0.36 (the A. tsao-ko group), which showed no significant difference with the blank group (p≥0.05) but significantly different from the model group (P<0.01). The content of INF-α obviously decreased from 76.77 ± 4.61 (the model group) to 30.62 ± 2.81 (the A. tsao-ko group), which showed no significant difference with the blank group (p ≥ 0.05) but significant difference with the model group (P<0.01). The content of IL-1β decreased from 141.00 ± 9.10 (the model group) to 106.70 ± 7.65 (the A. tsao-ko group), which was significantly different from the blank group (P<0.05), but significantly lower than that of the model group (P<0.05). These results showed that A. tsao-ko oil could control MRSA infection in mice through regulating the expression of IL-1β, IL-6 and TNF-α. 
[image: 炎性因子影响.png]
Fig.2 Effects of A.tsao-koon blood cytokines in mice infected with MRSA
Blank: the blank group, Model: the model group, Tween: the Tween-80 group, Vancomycin: the vancomycin group, A.tsao-ko: the preventive group (0.93g.kg-1.d-1); compared with blank group, *p<0.05, **p<0.01; compared with model group, τP<0.05, ττP<0.01.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]3.4 Histopathological changes analysis
After treatment, the lung, liver, and kidney were collected from survival mice, and the histopathological changes of these tissues were observed and recorded. Except for lung, there were no obvious histopathological changes in the liver (Fig.2) and kidney (Fig.3). There had neutrophil infiltration of the lung in the mice infected with MRSA, and A. tsao-ko essential oil could improve the inflammatory response caused by MRSA infection (Fig.4)
[image: 肝组织影响.png]
Fig.2 Pathological analysis of liver tissue in mice infected with MRSA
A: the blank group, B: the model group
[image: 肾组织影响.png]
Fig.3 Pathological analysis of kidney in mice infected with MRSA
A: the blank group, B: the model group
[image: ]
Fig.4 Pathological changes of A.tsao-kooilon the lung tissue in mice infected with MRSA
A: the blank group; B: the model group; C: the preventive administration group (0.93 g.kg-1.d-1A.tsao-k ooil )
4 Discussion
[bookmark: _Hlk526585480]With the extensive use of various clinical antibacterial drugs to obtaining better therapeutic effects, which lead to the emergence of bacterial drug resistance (Howden BP et al., 2013; Giltner CL et al., 2014; Stryjewski ME et al., 2014). The development of new anti-MRSA infectious drugs is imminent. Studies have found that small molecule natural substances have good antibacterial activity. Due to its special pharmacological properties, bacteria are not susceptible to resistance (Qingqing Liu et al., 2011; Yu HH et al., 2005; Liu IX et al., 2000). In addition to the fact that natural medicines are not prone to drug resistance, they also have the effect of anti-oxidation and regulation of immunity (KalyoncuIH et al., 2009; Zhang ZT et al., 2002; Aliberti S et al., 2016). This provides a new idea for the development of antibacterial agents from Chinese traditional medicine. Our previous study showed that A. tsao-ko essential oil had strong anti-MRSA activity in vitro. This study investigated the anti-MRSA activity in vivo of A. tsao-ko essential oil by intragastric administration. MRSA infected mice were administered with A. tsao-ko essential oil prophylactically or therapeutically, while vancomycin was used as positive control drug. The results showed that A. tsao-ko essential oil exhibited stronger preventive effect than therapeutic effect. When the essential oil (0.93 g·kg-1·d-1) was administered intragastrically once a day for 3 days for pre-treatment, the survival rates of mice infected with MRSA could reach to 100.00% (Tab.1), at the same time the ED50 value was 0.42 g.kg-1·d-1. The survival rates of mice infected with MRSA was 60.00% (0.96 and 1.39 g·kg-1·d-1), and the ED50 was 0.73 g.kg-1 when A. tsao-ko essential oil was use for treatment drug. 
[bookmark: _Hlk527032795]Pneumonia is one of the most common infectious diseases, and the main pathogenesis is related to MRSA bacterial components interfering with the host immune response, leading to immune dysfunction and inducing the release of a variety of inflammatory factors (Aliberti S et al., 2016). The immune cells release inflammatory cytokines, mainly including IL-1β, IL-6 and TNF-α, which are important inflammatory cytokines in human body and have strong inflammatory activity. As the initiating factor of systemic inflammatory response syndrome (SIRS), IL-1β, IL-6, and TNF-α can directly act on vascular endothelial cells, resulting in a significant increase in their permeation, thereby triggering tissue inflammatory responses and various clinical manifestations. Excessive secretion of pro-inflammatory cytokines leads to tissue damage and even the occurrence and development of sepsis, shock and multiple organ failure (Kim HG et al., 2008; Veleminsky M Jr et al., 2008; Xiaoxia  Huang et al., 2017). In this study, MRSA increased the serum levels of IL-1β, IL-6, and TNF-α of mice, indicating that MRSA infection caused the strong inflammatory response of mice. And A. tsao-ko essential oil alleviated the inflammation caused by MRSA by decreasing the levels of IL-1β, IL-6, and TNF-α. There was no obvious pathological change in liver and kidney after infected with MRSA in mice. However, A. tsao-ko essential oil significantly alleviated the pulmonary inflammatory cell infiltration induced by MRSA in mice.
In short, A. tsao-ko essential oil exhibited obvious preventive and therapeutically effect on MRSA infection, and the anti-MRSA mechanism in vivo was related to reduce inflammatory cell infiltration and inflammatory factors release. These results indicated that A. tsao-ko essential oil could be a potential candidate as anti-MRSA agent.  
5 Conclusions
The study found that A. tsao-ko essential oil had strong anti-MRSA activity in vivo by oral administration. The preventive effect of A. tsao-ko essential oil against MRSA in vivo was better than that of the therapeutical effect. The ED50 of A. tsao-ko essential oil in preventing and treating MRSA infection was 0.42 g.kg-1.d-1 and 0.73 g.kg-1.d-1, respectively. In addition, A. tsao-ko essential oil could improve the inflammatory response caused by MRSA infection, and its anti-inflammatory activity by reducing inflammatory cell infiltration and inflammatory factors release. Therefore, A. tsao-ko essential oil can be developed as a drug to treating human and animal MRSA infection.
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