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Herbal medicines have been used as antimicrobials for thousands of years, yet they remain effective
and this suggests that bacteria, fungi and viruses have a significantly reduced ability to adapt to a
plant-derived antimicrobial regime. This is likely to be due to the synergistic effect of the orchestra of
chemicals contained by medicinal plants that prevents bacteria, fungi and viruses from developing
immunity to their constituents as multi-targeting by the chemical combinations increases efficacy and
reduces resistance.
The antimicrobial action of each individual herbal medicine is further enhanced by the use of herb
combinations routinely employed in all herbal traditional medicine systems. Synergy occurs at both a
pharmacodynamic (what the drug does to the body) and pharmacokinetic (what the body does to the
drug) level (Gibbs 2013; Teucher et al. 2004) and a number of papers have been published
investigating potential benefits conferred by the synergism of phytoconstituents (Bishayee et al. 2012;
Ricciardiello et al. 2011; Fiebich et al. 2011; Gertsch 2011; Yang et al. 2014).
Synergism can be seen at work where plant medicines are combined with conventional antibiotics to
combat AMR and there is a burgeoning body of literature exploring the therapeutic possibilities of
this strategy. A comprehensive review provided evidence of 34 different herbs containing constituents
known to inhibit the bacterial efflux pumps and thereby potentially reactivate antibiotics to which
bacteria have developed immunity (Kourtesi et al. 2013). For example, E. coli is currently
demonstrating resistance to several antibiotics but, combined with extracts of Sophora alopecuroides,
isolates of the bacteria were found to be susceptible to ciprofloxacin (Zhou et al. 2012). Comparable
results were also found employing Scutellaria baicalensis against S. aureus to restore the antibacterial
actions of ciprofloxacin via similar mechanisms of efflux pump inhibition (Chan et al. 2011).

Another major concern is the drug-resistant bacterium, methicillin-resistant S. aureus (MRSA).
Exposure to berberine, a compound found in many medicinal plants (eg, Berberis vulgaris, Coptis
chinensis and Phellodendron amurens) together with antibiotics such as levofloxacin and
azithromycin (which had recently been proved ineffective against MRSA), resulted in the reactivation
of the efficacy of the antibiotic drugs (Zuo et al. 2012). Synergistic effects between silibinin
(extracted from Silybum marianum) and antibiotics have also shown potential to inhibit MRSA (Kang
et al. 2011). Herb-drug combinations are proving effective against other drug-resistant bacteria.
Synergistic interaction between epigallocatechin gallate (EGCg) from green tea and antimycotics such
as amphotericin B and fluconazole has been reported against C. albicans (Hemaiswarya et al. 2008),
while Nigella sativa and omeprazole compared favourably to triple therapy in eradication of
Helicobacter pylori in 88 patients with dyspepsia and a positive H. pylori test (Salem et al. 2010).
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