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Synergetic antifungal effect of hydrogen peroxide with 5 azoles against drug-resistant Candida albicans

ZHANG Shan-shan” , WANG Yan” , LI De-dong, CAO Yong-bing, JIANG Yuan-ying"
Research Center of New Drugs, School of Pharmacy, Second Military Medical University, Shanghai 200433, China

[ Abstract | To investigate the influence of hydrogen peroxide (H, O,) on the antifungal effect of 5 azoles

Candida

Objective

(fluconazole, itraconazole, ketoconazole, miconazole, and sulconazole ) against drug-resistant albicans.

Methods Eight strains of drug-resistant Candida albicans and two strains of drug-susceptible Candida albicans were used in
this study. The minimal inhibitory concentration for 80% (MICs,) of each individual antifungal drug was determined by broth
microdilution antifungal susceptibility testing; the MICy, of the antifungal drug was also determined when in combination with
H., O, by checkerboard microdilution assay. Then the fractional inhibitory concentration index (FICI) was calculated to decide
the synergism, indifference, or antagonism of H, O, with azoles. Results The FICI values of the 8 drug-resistant strains for
combination of H; O, with 5 azoles were less than 0.5, indicating the presence of synergism. The FICI values of the two drug-
susceptible strains were between 0. 5 and 2. indicating the presence of indifference. Conclusion  H, O, and the azoles
(fluconazole, itraconazole, ketoconazole, miconazole and sulconazole) possess synergism effect against drug-resistant Candida
albicans.
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fi#h 6.4 mg/ml W25 R, B —20°C UKFE IV A7 &
JH . 3CRE e SRR 2 2 2 mg/ml, H, O, %W DL K
W = Z8 KB 2 0.16 mol/L,
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PR BAE A K X HR 2~ 11 S FLab A7 45 LA B 4
25 ALY S5 2 25 W Uk BE 53 391 O SRR 128 .64,32.16 .
8.4,2,1,0.5,0. 25 pg/ml; PF il HEME . 16.8.4.2.1,
0.5.0.25,0.125,0. 062 5.,0. 031 3 yug/ml; i FE W .
3.2.1.6,0.8.,0.4,0.2.,0.1,0.05,0.025,0.012 5,
0.006 25 pg/ml; BEHEME.10.5,2. 5.1, 25,0, 625,
0.313.,0.156.,0. 078.,0. 039,0. 019 5 pg/ml; B HEWE .
128.64.32,16,8,4.2.1,0.5,0. 25 pg/ml; H.O::
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(Multiskan MK3 %, Labsystems 2 A)) T 620 nm
b £ LG BE (DO H..
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Tab 1 Effects of FLC combined with H, O, on drug-resistant Candida albicans

as determined by checkerboard microdilution assay

MICgo alone

MICso in combination

No Clinical isolate FLC H.O, FLC H,O, ) FIELI ’fOAr . Mode of
on/(pg s ml™H) clg,//(mc;l ) o/ (pg + ml™H) u;/(mo-l cLD combination mteraction
1 SC5314 0.5 2X1073 0.5 1X1073 1.5 Indifference
2 CAF2-1 0.25 2X1073 0.25 1Xx10°3 1.5 Indifference
3 0511655 128 8§X 1073 4 2X1073 0. 253 Synergy
4 0905103 64 4X1073 1 6.25X10°7 0.031 3 Synergy
5 0909379 128 8§ X103 4 2X1073 0. 253 Synergy
6 0909502 128 8% 103 8 110~ 0.187 Synergy
7 0909649 128 8% 1073 4 1X10°3 0.156 Synergy
8 0909782 128 8X 103 8 1X10°3 0.187 Synergy
9 0909876 128 41073 8 5X101 0. 187 Synergy
10 0909958 128 8% 103 1 5%104 0.08 Synergy
FLC: Fluconazole; MICg,: Minimal inhibitory concentration for 80% ; FICI; Fractional inhibitory concentration index
*2 #HEAREREFRIANWMERS L0, BANMALRLESEENS N
Tab 2 Effects of KCZ combined with H, O, on drug-resistant Candida albicans
as determined by checkerboard microdilution assay
MICso alone MICso in combination
No Clinical isolate KCZ H:0; KCZ H:0; colr:rfk():ilrl'g(l)ir()n iri\l/le(;(iil(i)(fn
o/(pg e ml™)  cg/(mol » L71) o8/ (pg s ml™")  cp/(mol« L™ : )
1 SC5314 0. 025 2X1073 0. 025 1X1073 1.5 Indifference
2 CAF2-1 0.025 2X1073 0.012 5 1X10° 1 Indifference
3 0511655 3.2 8X 103 0.4 2% 10 0.375 Synergy
4 0905103 1.6 1%10°3 0.05 3.175X10°° 0. 047 Synergy
) 0909379 1.6 8§ X103 0.2 5X10* 0.187 Synergy
6 0909502 1.6 8% 10~ 0.2 3.175X 1075 0.129 Synergy
7 0909649 1.6 8X 103 0.2 2% 10 0.375 Synergy
8 0909782 3.2 8107 0.4 2% 103 0. 375 Synergy
9 0909876 1.6 4 X103 0.4 3.175X107° 0.258 Synergy
10 0909958 1.6 8§x 103 0.4 21073 0.5 Synergy

KCZ: Ketoconazole; MICs,: Minimal inhibitory concentration for 80 % ; FICI: Fractional inhibitory concentration index
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*3 HEXANERERREILNKERS 0,0, BAXNMAARLESHNE N

Tab 3 Effects of MCZ combined with H, O, on drug-resistant Candida albicans as determined by

FICI through checkerboard microdilution assay

MICgo alone MICso in combination
No. Clinical isolate MCZ H, 0, MCZ H,0, FICI fo'r . Mode (.nr
pp/(pg e ml™))  cp/(mol « L= pu/(ug e ml™)  cp/(mol + L1 combination mieraction
1 SC5314 8.9X10°2 2X1073 4.5X10°? 1X1073 1 Indifference
2 CAF2-1 8.9X10°2 2X1073 4,5X10°°2 1X10°3 1 indifference
3 0511655 10 8§ X103 0.125 3.175X107° 0.017 Synergy
4 0905103 10 4 X103 0.8 1X10°3 0.3 Synergy
5 0909379 10 81073 0.078 3. 175X 1079 0.010 2 Synergy
6 0909502 10 8§10 0.156 3.175X10°7 0.019 6 Synergy
7 0909649 10 81079 2.5 3.175X10°7 0.254 Synergy
8 0909782 10 8§X1073 1.25 3.175X107° 0.129 Synergy
9 0909876 10 4X1073 0.156 3.175X10°° 0.019 6 Synergy
10 0909958 10 8X1073 2.5 2.5X1071 0. 281 Synergy
MCZ: Miconazole; MICg,: Minimal inhibitory concentration for 80% ; FICI: Fractional inhibitory concentration index
4 MEARERERBEEIRNFAHRRE LO.KAXNMABRLESENZ N
Tab 4 Effects of ICZ combined with H, O, on drug-resistant Candida albicans
as determined by checkerboard microdilution assay
MICg alone MICg; in combination
No Clinical isolate (/4 H, O, 1CZ H, 0O, FICI for . Mode of
o/ (pg + ml™H) ('B///(m<;1 “Lh o/ (pg + ml™H) L‘B/'(mc;l L combination iteraction
1 SC5314 0.25 2X1073 0.125 1X1073 1 Indifference
2 CAF2-1 0.125 2X1073 0.031 3 1X10° 0.75 Indifference
3 0511655 16 8§ X103 2 5X101 0.187 Synergy
4 0905103 16 4X1073 0.8 1X10°3 0.3 Synergy
5 0909379 16 8§X 103 1 2X10°3 0.313 Synergy
6 0909502 4 8§ X103 0.25 1X1073 0.187 Synergy
7 0909649 16 8 X103 2 2X1073 0.375 Synergy
8 0909782 16 8% 107* 1 2%107* 0.313 Synergy
9 0909876 16 8103 2 1X 103 0.25 Synergy
10 0909958 16 §X 109 4 1X10°% 0.375 Synergy
1CZ: Itraconazole; MICg,: Minimal inhibitory concentration for 80% ; FICI; Fractional inhibitory concentration index
5 HEANETEREEIRITERES O, BANMABRLESERNZMN
Tab 5 Effects of SCZ combined with H, O, on drug-resistant Candida albicans as
determined by checkerboard microdilution assay
MICg alone MICg in combination
No. Clinical isolate SCZ H, O, SCZ H, O, FICI fo'r . Mode (.)f
os/(pg * ml™1) ("B,/(m<;1 “LD) o/ (pg + ml™h) (B/(moul SLD combination mteraction
1 SC5314 2 2X1073 0.5 1X1073 0.75 Indifference
2 CAF2-1 2 2X1073 1 1X10°°3 1 Indifference
3 0511655 128 8§X 1073 8 2X1073 0.313 Synergy
4 0905103 128 4X1073 16 1X1073 0. 375 Synergy
5 0909379 >128 §x 1073 32 1107 0.375 Synergy
6 0909502 >~128 8103 32 1X 103 0. 375 Synergy
7 0909649 128 §X 109 16 2X 109 0. 375 Synergy
8 0909782 >128 8X1073 2 2X1073 0. 266 Synergy
9 0909876 >128 8§x 103 4 2103 0. 266 Synergy
10 0909958 128 41079 16 1X1073 0.375 Synergy

SCZ: Sulconazole; MICgo: Minimal inhibitory concentration for 80% ; FICI: Fractional inhibitory concentration index
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SCZ: Sulconazole; ICZ; Itraconazole; MCZ: Miconazole; KCZ: Ketoconazole; FLC: Fluconazole; FICI; Fractional inhibitory concentration index
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