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Abstract 

Background: Sepsis due to ESBL-producing Escherichia coli infection requires innovative management to prevent a 
higher prevalence of meropenem overuse. The antimicrobial effect of Piper betle leaves ethanolic extract has been 
previously proven and should be tested on sepsis-induced animal models.  

Objectives: This study assesses the antimicrobial effect of Piper betle leaves ethanolic extract towards the bacterial 
loads and its anti-inflammatory effect on neutrophil infiltration in the lung, kidney, and liver of sepsis-induced mice.  

Methods: After sepsis inducement, 3 mg/mL of Piper betle leaves ethanolic extract was administered orally. After the 
mice died, the bacterial load of the lung, kidney, and liver was measured, while neutrophil infiltration was observed 
using hematoxylin-eosin staining.  

Results: There is no significant decreasing the number of bacterial loads in the treatment group but there is a significant 
decrease in the number of neutrophils infiltration in the treatment group.  

Conclusion: Single dose administration of Piper betle leaves ethanolic extract is sufficient to inhibit neutrophil 
infiltration significantly. 
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1. Introduction

Sepsis is life life-threatening organ dysfunction due to the deregulation of the immune response related to infectious 
disease [1]. Sepsis contributes to 36% of death cases in high-income countries [2], while in low-middle-income countries, 
sepsis contributes to 70% of death cases every year [3]. The most frequent bacteria causing sepsis is Escherichia coli (E. 
coli). The emergence of extended-spectrum beta-lactamase (ESBL) producing E. coli leads to therapeutic failure and a 
higher mortality rate [4][5]. 
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Focus infection should be confirmed in sepsis cases, usually in certain specific organs or widely distributed as 
bacteremia. The common sources of infection include urinary organs such as the kidney or bladder, respiratory organs 
such as the lung, or gastrointestinal organs such as the intestine or liver. When bacteria infect the organ, the 
inflammatory response towards bacteria can disrupt the organ function causing organ damage [6]. 

Neutrophil is the leading cellular immune response towards bacterial infection. However excessive inflammatory 
response of neutrophils will damage the organ. Phagocytosis and neutrophil degranulation release high reactive oxygen 
species and degrading enzymes such as collagenase leading to tissue damage and organ dysfunction [7]. 

ESBL-producing E. coli is resistant to several antibiotics hence meropenem is widely used as the antibiotic therapy for 
sepsis due to ESBL-producing E. coli. However, meropenem overused will increase the prevalence of meropenem 
resistance. To solve this problem, several studies recommend the use of plant extract to eliminate multidrug-resistant 
microorganisms. A previous study mentioned the antibacterial; activity of Piper betle leaves ethanolic extract toward 
ESBL-producing E. coli [8]. Piper betle leaves ethanolic extract also inhibits neutrophil infiltration due to the antioxidant 
effect of the hydroxychavicol component which is capable of inhibiting reactive oxygen species' role as 
chemoattractants [9]. 

This study will assess the antibacterial effect of Piper betle leaves ethanolic extract towards ESBL-producing E. coli 
bacterial load in the liver, lung, and kidney of sepsis-induced mice. This study will also measure the number of 
neutrophils in the aforementioned organs. 

2. Material and Methods 

2.1. ESBL-producing E. coli isolates 

The ESBL-producing E. coli isolate was provided by the Department of Clinical Microbiology, Faculty of Medicine, 
Brawijaya University from clinical isolates. It was identified and confirmed using the Vitek-2 system and double disk 
synergy test, respectively [10]. 

2.2. Plant material and extract preparation 

Plant material and extract preparation was performed based on a previous study [8]. Shortly, Piper betle leaf powder was 
macerated in 20 ml 96% ethanol for 6 hours at room temperature before filtration and evaporation. The extract was 
administered orally to sepsis-induced mice, 30 minutes after sepsis inducement. 

2.3. Animal infection, bacterial load, and neutrophil count. 

The selection of animal model (BALB/c mice) and infecting procedures was performed based on the previous study [8]. 
Shortly, there were 3 tested groups, negative control, positive control, and treatment group (receiving 3mg/mL of Piper 
betle leaves ethanolic extract, single dose). After the mice died, the lung, kidney, and liver were removed aseptically. 100 
mg of each organ were homogenized and inoculated on eosin-methylene blue agar for bacterial count [11]. To determine 
neutrophil infiltration in the organs, a histopathological examination was performed. The organ was fixed in a 10% 
formalin solution and embedded in paraffin blocks. 5 mm thick sections were obtained, then staining with hematoxylin-
eosin was performed to identify the neutrophil and evaluate the tissue morphology in 400 times magnification [12].  

2.4. Statistical analysis 

The number of bacterial counts and observed neutrophils was analyzed using an independent T-test followed by simple 
linear regression analysis. 

3. Results 

3.1. Antimicrobial effect of Piper betle leaves ethanolic extract toward Bacterial Load of ESBL producing E. coli 
in Lung, Kidney, and Liver of Sepsis Induced BALB/c mice 

We identified a non-significant decrease in the number of bacterial loads between the positive control group and the 
treated group, either lung, kidney, or liver. Non-significant results were proven by the p-value provided by the 
independent T-test, >0.050. 
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Table 1 Bacterial Load of Lung, Kidney, and Liver (Table 1) 

 Negative Control Positive Control Treatment p-value 

Bacterial Load of Lung (107 CFU/g) 0±0 16.8±5.5 9.2±2.5 0.236 

Bacterial Load of Kidney (107 CFU/g) 0±0 17.3±5.2 24.2±2.8 0.246 

Bacterial Load of Liver (107 CFU/g) 0±0 55.9±9.2 52.3±7.6 0.760 

3.2. Anti-Inflammatory effect of Piper betle leaves ethanolic extract toward Neutrophil Infiltration \ in Lung, 
Kidney, and Liver of Sepsis Induced BALB/c mice 

We identified a significant decrease in the number of neutrophil infiltrations between the positive control group and 
the treated group, either lung, kidney, or liver. Significant results were proven by the p-value provided by the 
independent T-test, <0.001. 

Table 2 Neutrophil Infiltration of Lung, Kidney, and Liver (Table 2) 

 Negative Control Positive Control Treatment p-value 

Neutrophil Infiltration of Lung (Cells/20 OF) 0±0 348.1±19.5 174.0±16.0 <0.001 

Neutrophil Infiltration of Kidney (Cells/20 OF) 0±0 86.9±6.1 40.1±2.2 <0.001 

Neutrophil Infiltration of Liver (Cells/20 OF) 0±0 393.3±16.0 180.2±14.6 <0.001 

Hematoxylin-eosin staining shows increasing infiltration of inflammatory cells including neutrophils. The highest 
number of neutrophil infiltrations can be observed in the positive control group (Figure 1). 

 

Figure 1 Hematoxylin-eosin staining of Lung Tissue, Kidney Tissue, and Liver Tissue. A: Lung from Negative Control 
Group; B: Lung from Positive Control Group; C: Lung from Treatment Group; D: Kidney from Negative Control Group; 

E: Kidney from Positive Control Group; F: Kidney from Treatment Group; G: Liver from Negative Control Group; B: 
Liver from Positive Control Group; C: Liver from Treatment Group; the arrow shows neutrophil cell 
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4. Discussion 

The insignificant difference in bacterial load between the positive control group and treatment group in each organ was 
caused by decreasing the concentration of Piper betle leaves ethanolic extract in the mice plasma. The decreasing 
concentration happened due to the pharmacological effect after Piper betle leaves ethanolic extract ingestion and 
absorption through the intestine. In this study, we did not consider the half-life of Piper betle leaves ethanolic extract, 
and simply focused on the antimicrobial effect of Piper betle leaves ethanolic extract which has been proven in previous 
studies [8]. Due to the scarce number of publications discussing the effect of Piper betle leaves ethanolic extract on sepsis-
induced mice, a proper comparison is difficult to be performed. A similar study performed in Malang, assessing the 
antimicrobial effect of lime leaves (Cytrus hytrix L.) extract towards Salmonella typhimurium-infected mice showed a 
significant decrease of bacterial loads in the mice's intestine, spleen, and liver. However, the lime leaf extract was 
administered three times after the mice were infected instead of a single dose as in our study. Using this method, the 
optimal dose could be achieved and maintained hence antimicrobial effect of the extract could affect Salmonella 
typhimurium for a longer duration [13]. 

However, this study showed a significantly decreasing number of neutrophil infiltration in the tissue of the lung, kidney, 
and liver. A previous study performed in Malaysia showed decreasing bactericidal activities of neutrophil culture after 
5 mg/mL of Piper betle leaves ethanolic extract was administered into the system [14]. Decreased neutrophil infiltration 
happened due to eugenol and polyphenols contained in Piper betle leaves ethanolic extract. A previous study detected 
the eugenol and polyphenols in Piper betle leaves ethanolic extract [8]. Both compounds have potent anti-inflammatory 
effect and antioxidant effects which are capable of inhibiting neutrophil chemotaxis. Another study in India listed the 
active compound of Piper betle leaves ethanolic extract and showed several compounds with anti-inflammatory activity 
such as α-pinene, eugenol, and caryophyllene [15]. 

5. Conclusion 

Although single dose administration of 3 mg/mL of Piper betle leaves ethanolic extract cannot affect the bacterial load, 
it could inhibit neutrophil infiltration in the lung, kidney, and liver of sepsis-induced mice significantly. Further 
investigation is required to determine the therapeutical dose and half-life of Piper betle leaves ethanolic extract. 
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