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Abstract

The three drugs combined effects of various antibiotics and natural antimicrobial substances, Benzyl
isothiocyanate (BITC), Cinnamaldehyde (CAL) have been investigated against Escherichia coli (E. coli)
and Candida parapsilosis (C. parapsilosis). Antimicrobial activities were determined by minimum
inhibitory concentration (MIC) using micro-dilution method. The combination effect was judged by the
fractional inhibitory concentration (FIC) index using the checkerboard method. Microencapsulation was
performed by a submerged curing coating method in which a mixture of sodium alginate and an antibiotic
or antibacterial agent was reacted with calcium chloride to form capsules by ionic cross-linking. The
results showed that the combination of Polymyxin B and BITC, CAL had combined effect against E. coli.
The combination of Amphotericin B, BITC and CAL showed combined effects on C. parapsilosis. MIC
value of three drags combination is much lower than that of two drags combination, leading to reduction
of antibiotic usage. Furthermore, sustained release of antimicrobial agents from microcapsules was
conformed in vitro experiment.
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Fig. 1 Chemical structures of BITC (left)
and CAL (right)
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Table 1 Composition of antimicrobial agents
encapsulated Na-Alg aq

Amount (g)
AMPH-B, 5-FC 0.1
ITCZ 0.02
BITC, CAL 1.0
5 wt% Na-Alg aq 3.0
DMSO 2.5
Distilled water 9.5

Fig. 2 Photograph of the prepared
microcapsules
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Table 2 MIC for BITC and CAL of microbial

strains
MIC (pg/mL)
Microbial strain
BITC CAL
E. coli IM109 200 400
C. parapsilosis NBRC1396 200 50
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Fig. 3 FIC indices of combinations consisting
of antibiotics, natural antimicrobial agents
in E. coli JM109



Table 3 MICs for single, double and triple combinations of antibiotics, BITC and CAL against E. coli

JM109
o ' . MIC (ug/mL) Ratio™
Combinations of antibacterial agents — -
Antibiotics  BITC CAL double triple
Single | ABPC 0.5 - - - -
ABPC+BITC 0.5 200 - 1 -
ABPC  Double
ABPC+CAL 0.5 - 400 1 -
Triple | ABPC+BITC+CAL 0.5 200 400 - 1
Single | FRM 0.25 - - - -
FRM +BITC 0.25 200 - 1 -
FRM  Double
FRM+CAL 0.25 - 400 1 -
Triple | FRM +BITC+CAL 0.25 200 400 - 1
Single | PL-B 0.125 - - - -
PL-B+BITC 0.0625 100 - 1/2 -
PL-B Double
PL-B+CAL 0.125 - 400 1 -
Triple | PL-B+BITC+CAL 0.0313 100 100 - 1/4

% Ratio : Ratio of [MIC of antibiotics when Combined use of double or triple] to [MIC of antibiotics alone],

that is, ratio of decrease in antibiotics usage.

FIC index (2 drugs) =

MIC of Antibiotics in cornbined+ MIC of (BITC / CAL) in combined

MIC of Antibiotics alone

MIC of (BITC/ CAL) alone

MIC of Antibiotics in combined MIC of BITC in combined MIC of CAL in combined

FIC i =
C index (3 drugs) = ( MIC of Antibiotics alone
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FHZNRZ RS ol B BND.
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Table 4 MICs for single, double and triple combinations of antibiotics, BITC and CAL against C.

parapsilosis NBRC1396

o _ MIC (pg/mL) Ratio*
Combinations of antifungal agents -
Antibiotics  BITC CAL double triple
Single | AMPH-B 0.5 - - - -
AMPH-B + BITC 0.5 200 - 1 -
AMPH-B Double
AMPH-B +CAL 0.125 - 50 1/4 -
Triple | AMPH-B + BITC + CAL 0.0625 100 25 - 1/8
Single | ITCZ 0.5 - - - -
ITCZ +BITC 0.5 200 - 1 -
ITCZ Double
ITCZ+CAL 0.25 - 25 172 -
Triple | ITCZ+BITC+CAL 0.0625 100 25 - 1/8
Single | 5-FC 0.125 - - - -
5-FC+BITC 0.125 200 - 1 -
5-FC Double
5-FC+CAL 0.0625 - 25 1/2 -
Triple | 5-FC+BITC+ CAL 0.0313 50 25 - 1/4

3% Ratio : See footnote to Table 3.
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d:ITCZ+BITC e:ITCZ+CAL f:ITCZ+BITC+ CAL
g:5FC+BITC h:5-FC+CAL i:5FC+BITC+CAL

Fig. 4 FIC indices of combinations consisting of
antibiotics, natural antimicrobial agents in C.
parapsilosis NBRC1396
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Fig. 5 Comparison of elution rates of MC containing various antimicrobial agents at 37°C in saline
stirring at 100 rpm; microencapsulated with 1 wt % (e), 5 wt % (m) CaCl; aqueous solution, non-

microencapsulation (A)
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