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Abstract 

Gram-negative sepsis ranks as the leading cause of death in intensive care units. Despite the development of 

new antibiotics, mortality from gram-negative sepsis remains high.  

The present study aims to investigate the in vivo effects of berberine (BBR) administration on septic death 

induced by intraperitoneal E. coli injection. 

The results showed that (i) single 5 mg/kg dose of BBR increases the survival of septic mice, (ii) BBR 

administration improves the antimicrobial efficacy of antibiotic drug, (iii) BBR pre-treatment prevents 

improvements of BBR therapy without affecting the pro-survival effects of antibiotic drug. The effects of 

BBR administration were associated with immunological alterations represented by changes in CD4+ and 

CD8+ lymphocytes population and IL-6 and TNF-α production. 

This study highlighted the benefits of berberine administration as antibiotic adjuvant in E. coli sepsis. 

Furthermore, information about berberine-induced immunological perturbations and their influence on host 

response to infection and therapy has been shown.  
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Experimental section 

 

Organisms and reagents  

The commercially available strain of Escherichia coli ATCC 25922 was used. BBR powder 

(chloride form; Sigma-Aldrich S.r.l. Milan, Italy) was dissolved in DMSO at the storage 

concentration of 10 mg/ml and diluted in sterile water for injection at doses of 2.5 and 5 mg/kg. 

Imipenem (Merck, Sharp & Dohme, Milan, Italy) powders were diluted in accordance with the 

manufacturers’ recommendations. 

 

Animals and Experimental design 

BALB/c male mice weighting 25 to 30 g were used for all the experiments. Each mouse was housed 

in an individual cage under constant temperature (22°C) and humidity with a 12-h light/dark cycle 

and had access to chow and water ad libitum throughout the study. The study was approved by the 

animal research ethics committee of the IRCCS INRCA, Ancona, Italy. 

E. coli ATCC 25922 was grown in Brain Heart Infusion Broth. When the bacteria were in the log 

phase of growth, the suspension was centrifuged at 1000 x g for 15 min, the supernatant was 

discarded, and the bacteria were resuspended and diluted into sterile saline. All animals were 

anesthetized by an intramuscular injection of ketamine (50 mg/kg b.w.). The abdomen of each 

animal was shaved and prepared with iodine. Infected mice received an IP inoculum of 0.5 ml of 

saline containing 1x10
8
 CFU of E. coli. Uninfected mice received 0.5 ml of saline solution. 

Based on previous results on BBR toxicity in mice (Pierpaoli et al. 2015), two safe doses (2.5 and 5 

mg/kg) were used for experiments. The study included a control group (n=3) that did not receive 

any treatment after challenge, a BBR group (n=10) that received a single intraperitoneal BBR (2.5 

or 5 mg/kg) treatment one hour after the challenge, a BBR (2.5 or 5 mg/kg) plus intraperitoneal 

Imipenem (20 mg/kg) group (n=10) that received a single BBR (2.5 or 5 mg/kg) and Imipenem 

treatment after challenge, a group only given Imipenem (20 mg/kg) (n=10) after challenge. 

Antibiotic treatment was repeated after 8h from the first. Two groups (n=10, each group) were pre-

treated with intraperitoneal BBR (5 mg/kg) three days prior, and on the day of challenge, one of 

which received Imipenem (20 mg/kg) after challenge. An uninfected BBR (5 mg/kg) pre-treated 

group (n=3) was used for immunological analysis. The 2.5 mg/kg BBR dose treatment did not show 

any survival improvement and significant reduction in bacterial load, in both alone and Imipenem-

combined treatments (data not shown). The subsequent analyses were performed using only 5 

mg/kg concentration. 



At 48 hours after bacterial challenge, animals in all groups were sacrificed. The peritoneal cavity 

was washed with sterile saline and then blood samples were collected by cardiac puncture and 

spleens were removed. For peritoneal lavage, the skin of the abdomen was opened at the midline 

after through disinfection without inducing injury to muscles. Sterile PBS buffer (10 ml) was 

injected into and aspirated out of the peritoneal cavity. Aliquots of serial log dilutions of the 

peritoneal lavage fluid were seeded on MacConkey agar dishes. Bacterial colonies were counted 

after overnight incubation at 37 °C, and the results were expressed as the number of CFU/ml of 

aspirated peritoneal cavity fluid. Blood samples were immediately plated into MacConkey agar for 

qualitative cultures.  

 

Immunophenotyping  

Whole spleens were dissociated into single-cell suspensions of splenocytes using the gentle MACS 

Dissociator according to the manufacturer’s instructions. Lymphocytes were isolated by density 

gradient centrifugation and analysed as previously reported (Pierpaoli et al. 2013). The phenotype 

of spleen cells was determined by flow cytometry using the following mAbs: anti-CD11b (FITC), 

anti-Gr1 (FITC), anti-CD49b (FITC), anti-CD4 (PE) and anti-CD8 (PE) (all from Miltenyi Biotec 

GmbH, Friedrich-Ebert-Straße, Germany). 

 

NK assay 

The cytotoxic assay was performed using a fluorimetric method as previously reported (Provinciali 

et al. 1992). Lytic units were calculated by using a computational method: one LU corresponds to 

the number of effector cells required to produce 20% specific lysis. 

 

ELISA assay 

Plasma levels of IL-6 and TNF-α were quantified by sandwich ELISA assay according to the 

manufacturers’ instructions. Absolute concentrations of IL-6 (RayBiotech, Norcross, GA) and TNF-

α (Boster Biological Technology, Pleasanton, CA, US) were obtained using the standard curves 

provided by the manufacturers. 

 

Statistical analysis 

All data were expressed as means±SD. Statistical analysis was performed using analysis of variance 

(ANOVA) followed by Tukey-Kramer Multiple Comparisons post-hoc test where appropriate. 

Difference between means was considered significant at p≤0.05. 
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Table S1. Effect of berberine pre- and post-administration in a mouse model of sepsis induced by 

IP injection of E. coli, alone and in combination with Imipenem (IMP). 
§,a

 P ≤ 0.05 versus the E. 

coli group.
 #

 P ≤ 0.05 versus pre-BBR + E.coli + BBR group.
 b

 P ≤ 0.05 versus all other groups. 

  

 

Mice/gr

oup 

Percent of survival 
Qualitative 

blood culture 

Bacterial count in 

peritoneal fluid 

24 h 48 h No. 

positive/total 

CFU/ml 

Uninfected control  3 100 100 0/3 0 

E.coli 3 0 0 3/3 8.5 x 10
7
 ± 3.2 x 10

7
 

E.coli + BBR  10 50 20 10/10 6.4 x 10
7
 ± 5.0 x 10

7
 

E.coli + IMP  10 90 
§
 90 

§
 2/10 2.1 x 10

4
 ± 2.2 x 10

4 a
 

E.coli + BBR + IMP 10 100 
§
 90 

§
 3/10 7.5 x 10

3
 ± 4.1 x 10

3 a, b
 

 

Uninfected pre-BBR  3 100 100 0/3 0 

pre-BBR + E.coli + 

BBR  
10 10 0 10/10 5.4 x 10

7
 ± 1.2 x 10

7
 

pre-BBR + E.coli + 

BBR + IMP 
10 100 

§#
 90 

§#
 2/10 1.4 x 10

4
 ± 4.4 x 10

4 a
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Figure S1. Effect of in vivo BBR pre-treatment on immune parameters. Mice were pre-treated with 

BBR (5 mg/kg) and then treated with BBR (5 mg/kg) plus IMP (20 mg/kg) and analysed for spleen 

cells phenotype. Data are reported as means±SD. Differences between groups were evaluated by 

ANOVA followed by Tukey-Kramer Multiple Comparisons post-hoc test where appropriate.  

  



 

Figure S2. Effect of in vivo BBR pre-treatment on IL-6 and TNF-α plasma levels. Mice were pre-

treated with BBR (5 mg/kg) and then treated with BBR (5 mg/kg) plus IMP (20 mg/kg) and 

analysed for IL-6 (upper panel) and TNF-α (lower panel) plasma levels. Data are reported as 

means±SD. Differences between groups were evaluated by ANOVA followed by Tukey-Kramer 

Multiple Comparisons post-hoc test where appropriate.  
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