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ANTIBACTERIAL ACTIVITY/ B-LACTAM ANTIBIOTICS/MINIMUM
INHIBITORY CONCENTRATION (MIC)/METHICILLIN-RESISTANT
STAPHYLOCOCCUS AUREUS (MRSA)/CEFTAZIDIME-RESISTANT

ENTEROBACTER CLOACAE (CREnC)

Today, strains of methicillin-resistant S. aureus (MRSA) and ceftazidime-
resistant Enterobacter cloacae (CREnC) are usually multiply resistant to many
antibiotics and pose life-threatening risks to the hospitalised patients and their care
givers. The search for new antibacterial agents and compounds that can reverse the
resistance to P-lactam antibiotics are research objectives of far reaching importance
and urgently needed. In this study, we have examined the antibacterial action of
naturally occurring flavonoids. When combined ampicillin, cloxacillim or ceftazidime
with baicalein 5 pg/ml, minimum inhibitory concentrations (MICs) of these drugs
against clinical isolates of MRSA were reduced from 100, > 1,000 and 50 pg/ml to 5,
5 and 5 pg/ml respectively. Furthermore, clinical isolates of CREnC with MICs of
ceftazidime >1,000 pg/ml had their resistance to these drugs reversed by apigenin 5
pug/ml or luteolin 5 pg/ml to MICs of ceftazidime 5 pg/ml. Viable counts showed that

the killing of MRSA cells by 10 ug/ml ampicillin or cloxacillin was potentiated by 10



pg/ml baicalein. Ceftazidime 10 pg/ml in combination with 10 pg/ml of baicalein or
quercetin also reduced the CFU/ml of MRSA to low level (1x10° CFU/ml) over 6 h.
The killing curve of CREnC were also maintained at low level from 6 to 24 h by 10
pg/ml ceftazidime in combination with 10 pg/ml of luteolin or apigenin.
Electronmicroscopy clearly showed that the combination of 10 pg/ml baicalein with 10
pug/ml of ampicillin or cloxacillin and 10 pg/ml ceftazidime with 10 ug/ml of baicalein
or galangin or quercetin caused damage to the ultrastructure of MRSA. Ceftazidime 10
pg/ml in combination with 10 pg/ml of luteolin or apigenin also caused marked
morphological damage for CREnC. These results were also confirmed by capillary
electrophoresis. Enzymes assays indicated that baicalein, quercetin or galangin plus
ceftazidime had inhibitory activity against -lactamase I from B. cereus. Moreover, the
combination of ceftazidime plus apigenin and quercetin showed efficiently inhibitory
activity against penicillinase type IV from Enterobacter cloacae.

From the study, it was concluded that baicalein, galangin or quercetin have
the potential to reverse bacterial resistance to B-lactam antibiotics against MRSA.
Luteolin or apigenin have synergistic effect with ceftazidime against CREnC. In view
of their limited toxicity, these tested flavonoids offer for the development of a valuable
adjunct to B-lactam treatments against otherwise resistant strains of currently almost
untreatable microorganisms.
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