
Figure 1. Scanning electron micrograph of 
S. aureus; false color added.

Figure 2. A petri dish culture plate demonstrates 
the growth of methicillin-resistant Staphylococcus 
aureus (MRSA).

Figure 3. The S. aureus bacterium has mutated and 
become resistant to methicillin antibiotics. MRSA causes 
several thousand deaths in hospitals each year.
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• Staphylococcus aureus is a Gram-positive pathogen that is known to cause a range of mild to life
threatening infections (Fig. 1).

• Methicillin Resistant S. aureus (MRSA) are resistant to all beta lactam antibiotics and are often resistant
to other classes of antibiotics as well (Fig. 2).

• MRSA is showing increasing rates of antimicrobial resistance worldwide in both hospital and
community settings without development of new antibiotics (Fig. 3).

• Combination therapies are used in the clinical setting due to increased resistance and to reduce
toxicities associated with certain antibiotics.

Additive Effect of MCP in Combination with Cefotaxime Against 
Staphylococcus aureus

Dahdouh E, El-Khatib S, Baydoun E, Abdel-Massih RM. Med Chem. 2017;13(7):682-688.

 PectaSol-C MCP in combination with the antibiotic cefotaxime showed synergistic antimicrobial 
effects in 2 clinical isolate strains and additive effects in 21 and showed additive effects in 
combination with cefotaxime against all the six methicillin-resistant Staphylococcus aureus (MRSA)

 S. aureus infection is a serious health threat with increasing strains that are resistant to standard 
antibiotics. These preliminary findings open the way for further investigation into the therapeutic 
potential of MCP in the treatment of S. aureus infections.
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Additive Effect of MCP in Combination with Cefotaxime Against Staphylococcus aureus

Study Purpose
• To investigate the antimicrobial effect of Modified Citrus Pectin (MCP) against different clinical

isolates of Staphylococcus aureus exhibiting different profiles of resistance.
• To investigate the potential for synergistic activity when combining MCP with cefotaxime, a third-

                generation cephalosporin.

Study Design 
• Forty-three clinical isolates of S. aureus were obtained from hospitals.
• Minimum Inhibitory Concentrations (MICs) were determined by broth dilution method.
• Minimum Bactericidal Concentrations (MBCs) were determined using MCP (Pectasol-C®,

ecoNugenics, Santa Rosa, CA) concentrations equal or higher than MIC, spread on agar plates
and incubated for 24 hrs. Plates with no visible growth and lowest MCP concentration were
considered the MBC.

• The experiments were first performed at different pH, to determine optimum pH for activity.
• Twenty-three strains were used for the combination experiments between MCP and cefotaxime using

the checkerboard technique.

Results/Conclusions
• The optimum pH for the activity of MCP was 6.0.
• MIC and MBC values against S. aureus ranged between 0.39-50 µg/µl and 3.13-50 µg/µl,

respectively, which are relatively low amounts of MCP.
• Cefotaxime MIC ranged between 0.06-4.0 ug/ul (6 strains 2-4 ug/ul are considered MRSA).
• Combination experiments showed an additive effect in most S. aureus strains between MCP and

cefotaxime, and a synergistic effect in two strains.
• All 6 MRSA strains showed an additive effect with combination of MCP and cefotaxime.

Summary
• MCP demonstrated in vitro antimicrobial activity at relatively low MCP concentrations.
• The 23 strains tested with combined MCP/cefotaxime showed synergistic antimicrobial effects in 2

strains and additive effects in 21 and showed additive effects in combination with cefotaxime
against all the 6 MRSA strains.

• S. aureus infection is a serious health threat with increasing strains that are resistant to standard
antibiotics. These preliminary findings open the way for further investigation into the therapeutic
potential of MCP in the treatment of S. aureus infections.
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