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The wide use of B-lactam antibiotic in the treatment of bacterial infections has
led to the emergence and spread of resistant strains. This evidence has increased risk
of worse clinical outcomes and death. Staphylococcus epidermidis and Streptococcus
pyogenes are bacterial pathogens of human and have developed resistance to most
antibiotics and B-lactam antibiotics. Many researchers reported that some flavonoids
isolated from plants could efficiently inhibited some pathogenic bacteria. However,
little works have investigated the synergistic effect and modes of action of flavonoids
against drug-resistant bacteria. The objectives of this study were to test the inhibitory
effect of flavonoids and synergistic effect of flavonoids plus B-lactam antibiotic
against amoxicillin resistant S. epidermidis DMST 15505 (ArSE) and S. pyogenes
DMST 30653 (SP). The broth macrodilution and checkerboard assay were used for
antibacterial susceptibility testing. The minimum inhibitory concentrations (MICs) of
amoxicillin, luteolin, baicalein and quercetin alone against ArSE were 16, 32, 32 and
256 pg/ml, respectively, and the fraction inhibitory concentration (FIC) indices were
>1, 1 and 0.25, respectively. The MICs of ceftazidime, luteolin, baicalein and

quercetin alone against SP were 0.25, 128, >256 and 128 pg/ml, respectively, and the



v

FIC indices were 0.625, <0.625 and 0.531, respectively. These results proposed that
B-lactam antibiotic in combination with flavonoids showed a synergistic effect against
both ArSE and SP. The results from ODjg UV-VIS spectroscopy showed that after
treatment, the OD,gy Of both ArSE and SP cells treated with a combination of
flavonoids plus B-lactam antibiotic were increased from 0-0.02 to 0.3-0.8. These
results suggest that cytoplasmic membrane (CM) was damaged. The effect of these
flavonoids on B-lactamase enzyme activity compared to that of B-lactam antibiotic
showed that these flavonoids had higher inhibitory effect than -lactam antibiotic. The
transmission electron microscopy (TEM) results exhibited the morphological,
peptidoglycan and CM damage and average cell areas were changed of the cells
treated with the combination. Fourier transform infrared (FT-IR) microspectroscopy
revealed that the combination of quercetin plus amoxicillin and quercetin or baicalein
plus ceftazidime on ArSE and SP cells cause the decrease in fatty acid and nucleic
acid whereas protein amide was shown to increase compared to controls. These
findings are the first report that these flavonoids have the synergistic effect with
B-lactam antibiotic against ArSE and SP to its original susceptibility via four modes of
actions, inhibit peptidoglycan synthesis, restrain p-lactamases activity, increase CM
permeability and cause biomolecules change in these cells. These flavonoids have the
dominant potentiality to be a new agent for synergistic use with B-lactam antibiotic to
treat these bacteria. Future work should focus on the efficacy and toxicity in animals

and in humans, as well as, the synergistic effect on blood and tissue.
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