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Recently, it was hypothesized1 that pheophorbide a (Php) and possibly 
other dietary chlorophyll a catabolites (Fig. 1) with drug efflux 
pump inhibitor (EPI) activity may reverse antimicrobial resistance 
of gastrointestinal (GI) bacteria in livestock. 
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Pyr, but not Php, potentiated the antibiotic effect of erythromycin 
against erythromycin-naïve (susceptible) S. aureus ATCC 29213 and 
partially reversed erythromycin resistance of erythromycin-induced 
(highly resistant) S. aureus ATCC 29213. 

Its effect was concentration-dependent (50 µg ml-1 > 0.5 µg ml-1) and 
presumably due to inhibition of MDR or macrolide efflux pump(s) 
other than NorA [e.g. NorB/C, MdeA, LmrS, Mef(A)]. It was greatest 
in the highly resistant strain and under anaerobiosis. 

Pyr exerted an intrinsic inhibitory effect against erythromycin-
susceptible S. aureus ATCC 29213 under anaerobic conditions. This 
indicates that Pyr interacts with a metabolically regulated MDR 
pump with broader physiological functions. 

Effects of Pyr and Php on strains of Ent. faecalis, Sal. Typhimurium 
and E. coli were less consistent (E. coli P475) or not significant. 

This is the first study indicating that chlorophyll-derived Pyr can 
reduce antibiotic resistance and growth of bacteria in anaerobic 
habitats, such as the GI tracts and wastes of livestock.  
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In the present study, we investigated the in vitro effects of Php and 
pyropheophorbide a (Pyr) on erythromycin resistance and growth 
kinetics of selected pathogenic and opportunistic indicator 
bacteria with macrolide or multidrug resistance (MDR) efflux 
pumps (Fig. 2). 

 

      Fig. 1: Enterohepatic metabolism of dietary chlorophyll a and its catabolic derivatives in 
humans and non-ruminant livestock2-5 
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Effects of chlorophyll-derived efflux pump inhibitor pheophorbide a and pyropheophorbide a on erythromycin 
resistance of Staphylococcus aureus, Enterococcus faecalis, Salmonella Typhimurium and Escherichia coli 

 

      Fig. 4: Initial (day 1) and final (day 7 or 14) MIC ranges of erythromycin (µg ml-1) for naïve (a) and induced 
(b) Gram-positive and -negative reference strains. Values are from three repetitions. 

      Fig. 3: Overall maximum tolerated concentration of erythromycin (µg ml-1) and 
induction factor 

Fig. 2: Characteristics of bacterial reference strains and overview of methods used in this study 

      Fig. 5: Growth curves of naïve (a, b) and induced (c) S. aureus ATCC 29213 under aerobic (a) 
and anaerobic (b, c) conditions. Values are averages and standard deviations from three 

repetitions.  

      Fig. 6: Growth parameters of S. aureus ATCC 29213. Values are averages and standard deviations from three repetitions.  
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