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Abstract

Purpose: To investigate the efficacy and mechanisms of root tuber of Polygonum ciliinerve 
(Nakai) ohwi (rPC) which has been used to treat bacterial infection in traditional Chinese 
medicine.
Methods: With the mouse model of Staphylococcus aureus (S. aureus) pneumonia, the 
phenotype of rPC treated mice, including body weight, mortality, lung slices and bacterial 
burden were evaluated. Furthermore, inflammatory factors in bronchoalveolar lavage 
(BAL) were determined by ELISA and the distribution of T cells in lung was assessed by 
immunofluorescence assay.
Results: rPC treatment could dose-dependently reduce weight loss and mortality in S. aureus-
infected mice. Upon 10 mg/ml rPC treatment, S. aureus-infected mice showed about 8 grams 
increase in body weight (P<0.001) and 50% enhancement in mortality. The integrity of lung 
tissue and bacterial burden were also improved by rPC treatment. Moreover, rPC was found 
to modulate the immune response in infection.
Conclusion: rPC has therapeutic potential for S. aureus infections and pneumonia with 
immunomodulatory functions.
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 ■ Methods

Preparation of rPC

 rPC was purchased from Hu Qing 
Yu Chinese Pharmacy. The root (100g) was 
pulverized and extracted twice with 30% 
ethanol in a reflux condenser at 100°C for 3h. 
The extraction was filtered through 50 μm 
filters and concentrated as lyophilized powder. 
The final dried material was resuspended in 
0.5% sodium carboxymethyl cellulose solution.

Bacterial strain

 S. aureus ATCC6538 was the 
experimental bacteria used throughout our 
study, which was used for the evaluation of 
antibacterial effects10. S. aureus was incubated 
in Luria Broth at 37°C with 200 rpm shaking for 
15h. The number of colony forming unit (CFU) 
was calculated through a standard growth 
curve. 

Mouse model of S. aureus pneumonia

 6-week old C57BL/6 mice were 
purchased from Charles River. All mice were 
maintained in specific pathogen-free (SPF) 
conditions. The operation of animal experiment 
conformed to the Animal Care and Use 
Committee of Shanxi University of Traditional 
Chinese Medicine 
 2 x 107 cfu of S. aureus in 50 μl PBS was 
used to intranasally infect 6-week old C57BL/6 
mice for 24h. 2 mL of rPC (0, 1 mg/mL, 5 mg/ml, 
10 mg/ml) was administered through gavage 
after infection once a day. 7.5 x 107 cfu of S. 
aureus was used to perform mortality studies. 

Histologic examination

 Lungs were aseptically removed and 
fixed in 4% paraformaldehyde and embedded 
in paraffin. Paraffin-embedded tissue was cut 
at 5 microns. Then, hematoxylin and eosin were 

 ■ Introduction

	 The gram-positive pathogen S. aureus 
is one of leading cause of infectious diseases 
worldwide, ranging from skin abscesses 
to life-threatening illnesses such as sepsis, 
pneumonia and endocarditis1. It is estimated 
half of the population worldwide carries S. 
aureus on the skin2. S. aureus is also one of 
the major pathogens for the contamination of 
a great variety of foods3. Increasing incidence 
of foodborne diseases associated with S. 
aureus has been reported in many countries4. 
Though a number of antibacterial agents have 
been approved in the past decades, drug 
resistance poses a problem in their long-term 
use. Therefore, it is necessary to identify new 
antibacterial agents with novel mechanisms to 
kill S. aureus effectively and permanently.
 Polygonum ciliinerve (Nakai) ohwi 
belongs to Polygonum of Polygonaceae. P. 
ciliinerve is widely used in Chinese herbal 
medicine and is mainly distributed in Qinling 
Mountains. According to Bencao Tujing, which 
was published in 1061, rPC has been used as 
heat-clearing and detoxicating prescription 
in traditional Chinese medicine. The most 
effective chemical ingredients of rPC are 
polysaccharide and anthraquinones, including 
emodin, chrysophanol, physcion, rhein, and so 
forth5,6. With the immunomodulatory effect of 
polysaccharide and the antimicrobial activity of 
anthraquinones, rPC has been found to possess 
antimicrobial, antiviral, antioxidant and anti-
tumor activities6-9. However, these studies 
mainly focused on the in vitro effect of rPC. 
The in vivo effect and underlying mechanisms 
of rPC are still poorly understood.
 This study aimed to evaluate the 
protective effect of rPC in a S. aureus-infected 
mouse model and explore the potential 
mechanism of rPC. The treatment of rPC sets 
an innovative example for herbal medicine 
to treat infectious diseases relying on 
immunomodulatory properties.

D:/Dict/8.0.1.0/resultui/html/index.html#/javascript:;
D:/Dict/8.0.1.0/resultui/html/index.html#/javascript:;
D:/Dict/8.0.1.0/resultui/html/index.html#/javascript:;
D:/Dict/8.0.1.0/resultui/html/index.html#/javascript:;
D:/Dict/8.0.1.0/resultui/html/index.html#/javascript:;


Effectual components of Polygonum ciliinerve protects against Staphylococcus aureus  
infection with immunomodulatory functions in C57BL/6 mice 

Cao L et al.

Acta Cir Bras. 2018;33(11):983-990

985 

stained for the evaluation of histomorphology.

BAL collection and CFU analysis

 BAL was collected using 22-g venous 
catheters through washing lungs with 3 ml 
RPMI-1640 (Gibco) and protease inhibitors 
(Roche) as early described11. BAL was serially 
diluted and plated on Luria Broth-agar plates. 

Cytokine and chemokine analysis

 BAL was centrifuged at 1000 ×g for 10 
min and cell-free supernatant was obtained. 
Cytokine levels of MCP-1,TNF-α and IL-6 were 
determined by ELISA kits (R&D Systems).

Immunohistochemistry

 Lung sections were blocked with 10% 
goat serum at 37°C for 45 min and incubated 
with primary antibody (CD4/CD8, Cell Signaling 
Technology) overnight at 4°C. Subsequently, the 
secondary antibody (IgG-PE/FITC, Cell Signaling 
Technology) was added and incubated at room 
temperature for 2h. Finally, DAPI (Thermo 
Fisher Scientific) staining was performed for 20 
min at room temperature. Images were taken 
by FV1200 (Olympus).

Statistical analysis

 Data in this study are expressed as 

means ± SEM. Mann-Whitney test was used to 
evaluate the significance of data between two 
groups. Multiple comparisons were performed 
with One-way ANOVA. The survival curve was 
estimated by Kaplan-Meier methods. Statistics 
were performed with SPSS and Prism software 
and p value < 0.05 was considered significant.

 ■ Results

rPC protects mice from S. aureus lung infection

 To evaluate the efficacy of rPC in vivo, 
6-week-old C57BL/6 mice were intranasally 
infected with 2 x 107 cfu of exponential-phase 
S. aureus to establish a model of S. aureus 
pneumonia. The ethanol extraction of rPC with 
different concentrations (0, 1mg/mL, 5mg/ml 
or 10mg/ml) treated S. aureus-infected mice 
daily. Mice were monitored for body weight 
and survival every two days (Figure 1). S. aureus 
infection caused serious weight loss, while rPC 
treatment dose-dependently reduced this 
symptom (Figure 1A). Infection of S. aureus 
also led to 60% mortality in mice. However, 
treatment with different concentrations of rPC 
(1 mg/mL, 5 mg/ml or 10 mg/ml) decreased 
mortality to 50%, 40% and 10%, respectively 
(Figure 1B). The higher body weight and lower 
mortality indicate the protective effects of rPC 
in the S. aureus infection.

Figure 1 - rPC protects mice from S. aureus lung infection. (A) Body weight of mice was monitored every two 
days (n=10). (B) Mice survival was monitored every two days after infection (n=10). ***p<0.001 compared 
with control group. ### p<0.001 compared with S. aureus infection group.
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rPC alleviates the pathologic symptoms of 
pneumonia in S. aureus-infected mice

 To gain further insight into the 
protective effects of rPC in the mouse model 
of S. aureus pneumonia, lung was aseptically 
collected for histopathology. Compared 
with uninfected mice, S. aureus infection 
thickened the alveolar walls, increased the 
lung interstitium and reduced alveolar space 
(Figure 2A). These symptoms were ameliorated 

after rPC treatment in a dose-dependent 
manner (Figure 2A). Three days after infection, 
mice were sacrificed and CFU of S. aureus was 
determined in BAL. Bacterial load in BAL of S. 
aureus-infected mice was significantly higher 
than the rPC-treated and control groups (Figure 
2B). Consequently, rPC treatment effectively 
assisted mice in eliminating S. aureus. These 
results suggest that rPC could alleviate the 
pathologic symptoms of pneumonia through 
reducing the bacterial burden in mice.

Figure 2 - rPC alleviates the pathologic symptoms of pneumonia in S. aureus-infected mice. (A) The morphology 
of lung in response to S. aureus challenge and rPC treatment. (B) The bacterial burden was measured in BAL 
72 hours after infection. ***p<0.001 compared with control group. ### p<0.001 compared with S. aureus 
infection group.

Modulation of cytokine and chemokine 
imbalance in S. aureus-infected mice with rPC 
treatment

 To better characterize the correlation 
of immune response with rPC treatment, 
we assessed the concentrations of cytokines 
and chemokine in BAL 24 and 72 hours after 
S. aureus infection. The secretion of pro-
inflammatory cytokines (TNFα and IL-6) and 
monocyte-associated chemokine (MCP-1/

CCL2) was significantly increased after S. aureus 
infection (Figure 3A and B). In contrast, rPC-
treated mice showed a dose-dependent 
decrease in TNFα, IL-6 and MCP-1 levels 
compared to S. aureus-infected mice, which is 
consistent with the aforementioned symptoms 
(Figure 3A and B). rPC treatment induced lower 
levels of cytokines and chemokine, similar to 
control group, indicating that rPC plays an 
important role in modulating the immune 
response induced by S. aureus.
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Figure 3 - Cytokine and chemokine responses to S. aureus infection. Cytokines and chemokine were analyzed in 
BAL 24 and 72h after infection. (A) The level of TNF-α. (B) The level of IL-6. (C) The level of MCP-1. ***p<0.001 
compared with control group. ### p<0.001 compared with S. aureus infection group.

rPC treatment modulates the ratio of CD4/CD8 
T cells in S. aureus-infected mice

 T cells play an important role in 
resistance to infection for eliminating bacteria 
or infected cells12. Thus, we determined the 
distribution of CD4+ and CD8+ T cells in the lung 
of S. aureus-infected mice. S. aureus challenge 
mainly increased CD4+ T cell density in the lung 

(Figure 4A and B). However, rPC treatment 
dose-dependently reduced the number of CD4+ 
T cells and increased the density of CD8+ T cells 
(Figure 4A and B). Given that CD8+ cytotoxic 
T cells confer more effective cytotoxicity than 
CD4+ helper T cells, these results indicate that 
rPC could modulate the immune response 
induced by S. aureus through altering the ratio 
of CD4/CD8 T cells.

Figure 4 - rPC treatment modulates the ratio of CD4/CD8 T cells in S. aureus-infected mice. (A) The appearance 
of CD4+ and CD8+ T cells in lung. Red represents CD4+ T cells, green represents CD8+ T cells and blue represents 
nuclei. (B) The percentage of CD4+ and CD8+ T cells in lung tissue sections. ***p<0.001 compared with control 
group. ### p<0.001 compared with S. aureus infection group.
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 ■ Discussion

 S. aureus is a serious public health 
problem worldwide which causes increased 
morbidity and mortality13. Despite ongoing 
research, there is no effective prescription 
in curing S. aureus infection due to its drug 
resistance14. Chinese herbal medicines are 
difficult to develop antimicrobial resistance 
and have been used to treat infections 
successfully15. rPC is used as an antibacterial 
and antipyretic prescription in Chinese 
traditional medicine, which is expected to be 
the potential therapeutic application for S. 
aureus infection. 
 We firstly evaluated the protective 
effect of rPC in a S. aureus pneumonia model. 
Pneumonia due to S. aureus is correlated 
with poor outcomes, including high cost and 
significant mortality16. Our results suggest 
that rPC could protect mice from reduced 
weight loss and mortality. Disruption of 
alveolar architecture, consolidation of the lung 
parenchyma and hemorrhage are the typical 
pathologies of S. aureus pneumonia17. In the 
current study, S. aureus challenge destroyed 
the alveolar structure while rPC could 
ameliorate lung histopathological lesions and 
maintain the alveolar integrity of S. aureus-
infected mice. Higher rPC treatment (10mg/
ml) nearly recovered the original structure of 
alveolar. Moreover, the bacterial burden in BAL 
of S. aureus-infected mice treated with rPC was 
far below the quantity in S. aureus pneumonia 
model, indicating that rPC treatment enhances 
the clearance of S. aureus in vivo.
 The immune system plays an 
important role in protecting against infectious 
microorganisms while immune imbalance 
could aggravate the bacterial infection18. In 
the present study, S. aureus infection induced 
increased levels of TNFα, IL-6 and MCP-1, 
which indicates the recruitment and activation 

of immune cells in S. aureus-infected mice. In 
contrast, rPC was able to decrease the levels 
of proinflammatory cytokines and chemokine, 
demonstrating the effects of rPC in controlling 
inflammation and proinflammatory cytokine 
expression. 
 In adaptive immunity, CD8+ T cells are 
the key effector cells against virus, protozoan 
and bacteria12 through cytotoxic effects19. S. 
aureus infection increases the populations of 
CD4+ T lymphocytes while has little impact on 
CD8+ T lymphocytes, which is in agreement with 
our results20,21. rPC treatment reduced CD4+ T 
cell density induced by S. aureus, indicating the 
activation of T helper cells can be suppressed 
by rPC. However, the elevated level of CD8+ 
T cells suggests that rPC could reinforce the 
cytotoxicity of immune system.
 Modern pharmacology revealed that 
polysaccharides are the effective chemical 
ingredients of rPC5,6. Polysaccharides are 
believed to own benign biologic properties 
and have been shown to work as potent 
immunomodulating agents22. Therefore, we 
inferred that the immunomodulatory functions 
of rPC mainly depend on the polysaccharides 
in rPC. However, we couldn’t exclude the 
synergistic effect of other chemical ingredients 
in rPC.

 ■ Conclusions

 Our results demonstrate that the 
protection of rPC in S. aureus-infected mice 
is dependent on the immunomodulatory 
properties of rPC. We posit that rPC could be 
a promising therapeutic herbal medicine for 
treating S. aureus infection although more 
work needs to be done to support our findings. 
Moreover, this study provides an example 
for the development of herbal medicine as 
immunomodulatory therapy regimens against 
bacterial pathogens.
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