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In vitro interaction of fluconazole and berberine chloride was investigated against 40 fluconazole-resistant
clinical isolates of Candida albicans. Synergism in fungistatic activity was found with the checkerboard
microdilution assay. The findings of agar diffusion tests and time-kill curves confirmed the synergistic

interaction, but no antagonistic action was observed.

Candida albicans is the most common candidal pathogen,
causing mucosal and invasive infections (7, 9, 23, 29). With the
increasing clinical use of fluconazole, a choice for the treat-
ment of C. albicans infections (3, 5, 12), fluconazole-resistant
isolates are occurring more frequently (2, 19, 28). Attempts
have been made to cope with treatment failures by using com-
bination therapy (14). However, contradictory results of either
synergic or antagonistic actions in various antifungal combina-
tions have been reported (8, 11, 16, 27). As for fluconazole-
resistant C. albicans, few data are available about the syner-
gism of fluconazole with other antifungal agents (1, 4, 25).

Berberine, a bioactive herbal ingredient, was demonstrated
to have weak activity against C. albicans and C. glabrata (17, 21,
26). Recently, berberine was combined with amphotericin B to
treat disseminated candidiasis in mice (10). To seek a novel
combination therapy, we investigated the in vitro interaction of
fluconazole and berberine chloride (BBR) against fluconazole-
resistant clinical isolates of C. albicans.

Strains and agents. Forty clinical isolates of fluconazole-
resistant C. albicans were used in this study, and C. albicans
ATCC 90028 was used as a quality control. Drugs prepared
in dimethyl sulfoxide (DMSO) included fluconazole (Pfizer-
Roerig Pharmaceuticals, New York, NY) and BBR (Sigma-
Aldrich, St. Louis, MO).

Checkerboard microdilution assay. Assays were performed
on all 40 isolates according to methods of the CLSI (formerly
NCCLS) (M27-A) (6, 18). The initial concentration of fungal
suspension in RPMI 1640 medium was 10> CFU/ml, and the final
concentrations ranged from 0.125 to 64 pg/ml for fluconazole and
1 to 32 pg/ml for BBR. Plates were incubated at 35°C for 24 h.
Optical density was measured at 630 nm, and background
optical densities were subtracted from that of each well. Each
isolate was tested in triplicate. MICg, and MICy, were deter-
mined as the lowest concentration of the drugs (alone or in
combination) that inhibited growth by 80% or 50%, respec-
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tively, compared with that of drug-free wells. The fractional
inhibitory concentration (FIC) index is defined as the sum of
the MIC of each drug when used in combination divided by the
MIC of the drug used alone. Synergy and antagonism were
defined by FIC indices of =0.5 and >4, respectively. An FIC
index result of >0.5 but =4 was considered indifferent (20).
Agar diffusion test. C. albicans 0304103 (one fluconazole-re-
sistant isolate with a MIC of >32 pg/ml for BBR) was tested by
agar diffusion assay. A 100-pl aliquot of 10°-CFU/ml suspension
was spread uniformly onto the yeast extract-peptone-dextrose
agar plate with or without 64 pg/ml fluconazole. Then, 6-mm
paper disks impregnated with BBR and fluconazole alone or in
combination were placed onto the agar surface. There was 5 pl of
DMSO in control disks. Inhibition zones were measured after
incubation at 35°C for 48 h. Assays were performed in duplicate.
Time-kill curves. C. albicans 0304103 in RPMI 1640 medium
was prepared at the starting inoculum of 10° CFU/ml or 10°
CFU/ml (13). The concentrations were 16 pg/ml for BBR (a
concentration of BBR without effect on the growth curve) and
10 pg/ml for fluconazole (in vivo achievable concentration of
fluconazole) (16). DMSO comprised <1% of the total test
volume. At predetermined time points (0, 12, 24, 36, and 48 h
after incubation with agitation at 35°C), a 100-pl aliquot was
removed from every solution and serially diluted 10-fold in
sterile water. A 100-pl aliquot from each dilution was streaked

TABLE 1. Interaction of fluconazole and BBR against 40 clinical
isolates of C. albicans resistant to fluconazole
by checkerboard microdilution assay®

MICs (ng/ml) MICy (ng/ml)

Parameter
Median Range Median Range
Fluconazole 8 0.5->64 128 =64
BBR 64 =32 64 >32
Fluconazole + BBR” 0.5/1 =0.125-1/14 12 =0.125-2/1-8
FIC index 0.148 0.033-1.063 0.034 0.017-0.127

“ When analyzed with MICsgs, synergism was observed in 32 of 40 isolates
(80%) and indifference was observed in 8 of the 40 isolates (20%); at MICg,
synergy was observed in all of the isolates.

> MICs in combination are expressed as [fluconazole]/[BBR]. High off-scale
MICs were converted to the next highest concentrations.
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FIG. 1. Agar disk diffusion assay of fluconazole (FLC) combined with BBR against C. albicans 0304103. Panels A and C show plain agar plates,
and panel B shows an agar plate containing 64 pg/ml of fluconazole. Panel D describes the images for panels A and B, and panel E describes the

image for panel C.
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FIG. 2. Time-kill curves of C. albicans 0304103 that were obtained by using initial inoculums of 10> CFU/ml (A) and 10° CFU/ml (B). m, growth
control; A, BBR (16 pwg/ml); *, fluconazole (10 pg/ml); @, fluconazole (10 pg/ml) combined with BBR (16 pg/ml).
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on the Sabouraud dextrose agar plate. Colony counts were deter-
mined after incubation at 35°C for 48 h. The experiment was
performed in triplicate. Synergism and antagonism were defined
as a respective increase or decrease of =2 log,, CFU/ml in anti-
fungal activity produced by the combination compared with that
by the more active agent alone after 24 h, while a change of <2
log  CFU/ml was considered indifferent (6).

The results of the checkerboard analysis are summarized in
Table 1. The fluconazole-BBR combination markedly reduced
MICs, especially the MICgs of either individual agent. Syner-
gism was observed in all 40 isolates (100%) in terms of MICgs.
The corresponding median FIC index was 0.034 (range, 0.017
to 0.127). When analyzed with MICss instead of MICgs, the
FIC index was generally higher (median, 0.148; range, 0.033
to 1.063). Of the 40 isolates, synergism was observed in 32
(80%), and indifference was observed in 8 (20%). Regard-
less of MIC endpoints, antagonism was not observed in the
combination.

Agar diffusion tests visualized this synergistic interaction.
BBR had no antifungal activity in smaller amounts and showed
a weak antifungal activity at 64 pg (Fig. 1A). Fluconazole at
10 pg showed only weak inhibition (Fig. 1C). In contrast,
BBR showed a powerful fungistatic effect on the agar plate
containing 64 pwg/ml fluconazole (Fig. 1B). The mean diam-
eters of the inhibitory zones for 8, 16, 32, and 64 ng BBR
increased to 15, 21, 28, and 36 mm, respectively. In addition,
the combination of fluconazole and BBR yielded signifi-
cantly clearer and larger zones than those of either drug
alone on the plain agar plate (Fig. 1C). The sizes of the inhi-
bition zones increased to 12, 17, 19, and 22 mm around the disks
impregnated with 10 pg fluconazole plus different amounts of
BBR (8, 16, 32, and 64 pg), respectively.

Synergism was confirmed in time-kill curves (Fig. 2). BBR
did not affect the growth curve at 16 pg/ml after 24 h, regard-
less of the initial inoculum, and the fungistatic activity of flu-
conazole was dramatically enhanced by addition of BBR.
Given the initial inoculum of 10> CFU/ml, the combination
yielded a 2.7-log,-CFU/ml decrease compared with 10 pg/ml
fluconazole alone at 24 h (Fig. 2A). No appreciable antifungal
activity of fluconazole was observed under the starting inocu-
lum of 10° CFU/ml (Fig. 2B). However, the fluconazole-BBR
combination produced a 2.0-log,,-CFU/ml decrease compared
with the number of CFU produced by fluconazole alone at
48 h.

Our findings suggested that the combination of fluconazole
and BBR produced potently synergistic action against flu-
conazole-resistant C. albicans in vitro. This interaction may
be due to the inhibition of sterol 24-methyl transferase by
BBR (21). In addition, the mechanism for resistance to
azoles was reported to include mainly active efflux of drugs
(with overexpressed CDR, MDRI1, or FLU1) and target
enzyme alterations (15, 22, 24). We postulated that BBR
may exert the synergistic interaction with fluconazole by
affecting some factor on resistance.

In conclusion, when used in combination with fluconazole,
BBR is a promising and safe agent against fluconazole-resis-
tant C. albicans in vitro but further study is needed to deter-
mine the underlying mechanism of the synergistic action. The
potentiality of using this combination therapy in vivo warrants
investigation.
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