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ABSTRACT 

Aim: To study In-Vitro sensitivity of Amphotericin B, Itraconazole and 
Fluconazole -Resistant against Candida albicans. 
Methods and Results:  A panel of 14 clinical isolates of Candida albicans was 
tested. Strains were labeled and given a unique identification number. 
Candida albicans ITCC 4718 were included as quality control organisms in 
each set of experiments. Interactions in vitro between Amphotericin B, 
Itraconazole, Voriconazole, and Fluconazole against Itraconazole-resistant 
Candida albicans clinical strains were determined. Fluconazole and 
Voriconazole exhibited the most potent interactions with synergy against at 
least 50% of isolates, and the average fractional concentration index was 
0.38  
Conclusion: Fluconazole and Voriconazole exhibited the most potent 
interactions with synergy against isolates and Antagonism was not found for 
any combination. 
Significance and Impact of the Study: Fungal infections are frequently tricky 
to manage prudence has to be exercised in the use of antifungal drugs to 
capture any additional increase in the resistance. 

INTRODUCTION: Fungal infections are a challenge, 
particularly in the growing number of 
immunosuppressed patients seen in modern medical 
facilities as a result of increases in transplantation, 
infection (especially HIV), premature births, and 
aggressive antibiotic and anticancer therapies 1, 2, 3. 

Invasive fungal infections are infections of the 
bloodstream and organs within the body (e.g. 
meningitis, pneumonia, peritonitis) and  are important 
causes of morbidity and mortality in liver, pancreas, 
heart, kidney and lung (i.e. solid organ) transplant 
recipients 4, 5. 

Fungi are eukaryotes and, despite the presence of a 
cell wall, fungi are more similar to mammalian cells on 
a cellular level, making the treatment of mycotic 
infections difficult. Additionally, fungi replicate more 
slowly than bacteria and are often difficult to quantify, 
particularly for moulds, which complicate efficacy 
assessments 5, 6. The significant clinical implication of 
resistance has led to heightened interest in the study 
of antifungal resistance from different angles 7 .The 
development of Antifungal drug resistance is not a new 
phenomenon, micro-organisms have been responding 
to toxic environmental stresses for millennia 8.  
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Indeed it is likely that the mechanisms utilized to 
confer resistance to ‘novel’ synthetic drugs have been 
selected from an extensive repertoire that has enabled 
microorganisms to survive for so long in changing 
environments 9, 10. The efficacy of commonly used 
antifungal drug amphotericin B has been limited more 
by toxicity than by lack of efficacy, although resistance 
has been increasing 11. Other drugs like ketoconazole, 
fluconazole and clotrimazole are limited in their 
spectrum and their use may produce strain resistance 
12.  

In contrast to clinical isolates, Candida albicans 
mutants that are highly resistant to itraconazole are 
easily selected in vitro 13, 14. Several resistance 
mechanisms have been described, and azole cross-
resistance has been observed 15. These data suggest 
that itraconazole resistance among clinical strains may 
become more common in the future, associated with 
the spread of antifungal therapies 16. Combination 
therapy could be an alternative to mono-therapy for 
patients with invasive infections due to resistant 
organisms and for some patients who failed to respond 
to standard treatment 14. The increase in available 
antifungal compounds has raised the number of 
potential combinations, a therapeutic resource which 
could be exploited clinically 14, 16.  

For these reasons, there is an urgent need for new 
active molecules that can serve as lead for further 
development in antifungal chemotherapy 17. We have 
analyzed the combined activity in vitro of several 
antifungal agents against a collection of 14 
itraconazole-resistant (MICs of >8.0 µg ml-1) clinical 
isolates of Candida albicans.  Antifungal resistance is 
particularly problematic as initial diagnosis of systemic 
fungal infection can be delayed and there are few 
antifungal drugs available 19, 20.  

MATERIAL AND METHODS: 

Collection of Candida albicans strains:  The Candida 
albicans of clinical isolates were tested in this study 
represents a collection of 14 Strains were collected 
from hospitals, Each isolates was labeled and given a 
identification number AF-72, Br109, F/919, F/69, AF-
786, F/699, AF1237, AF-1422, F/6919, F/7075, Br130, 
Br181, SO/3827, SO/3829, F/6919 obtained from 
different patients. Original strain Candida albicans ITCC 

4718 were included as quality control organisms in 
each set of experiments. 

Antifungal Susceptibility testing: The individual MICs 
were determined by following the National Committee 
for Clinical Laboratory Standards (NCCLS) reference 
method 20 with slight alterations. The alteration 
included the use of RPMI 1640 with L-glutamine 
buffered to pH 7 with 0.165 M MOPS 
(Morpholinepropanesulfonic acid) and 1 M NaOH 
complemented with 18 g of glucose per liter (RPMI–2% 
glucose, Sigma, USA) and inoculums preparation by 
microscopic enumeration with a cell-counting 
hemocytometer (Neubauer chamber) 21,22. All 
inoculums suspensions were quantified by plating on 
Sabouraud Dextrose Agar (S.D.A) plates.  

Sterilized 96 wells plastic plates were used in the 
study. The plates were inoculated with 100 µl of the 
inoculums suspensions in each well. The plates were 
incubated at 35°C for 48 hrs in a humid atmosphere 23, 
for amphotericin B, itraconazole, and voriconazole, 
MICs were defined as the lowest concentration of the 
antifungal agent that entirely inhibited fungal growth, 
for caspofungin, two dissimilar illustration 
determinations of the endpoint were observed:  

(i) Absolute inhibition of growth (MIC) and;  

(ii) The lowest drug concentration consequential in 
unusual hyphen development by assessment 
with an inverted microscope or the minimum 
effective concentration (MEC) 24, 25, 26.  

RESULTS: The combined effects were analyzed by the 
summation of the fractional concentration index (FICi). 
For combinations including caspofungin, the FICi was 
also calculated by taking into account both the MIC 
and the MEC of the echinocandin. The interactions 
were defined as synergistic when the FICi was ≤0.6 and 
as antagonistic if FICi was and indifference or no 
interaction was defined by a FICi that was >0.6 but ≤4. 
Duplicate testing on three separate days was 
performed.  

Analysis of results: 14 clinical isolates were used 
against the drugs, in which out of 12 strains, the MIC of 
voriconazole was ≤ 2.0 µg ml-1, and for two strains, the 
MIC of voriconazole was ≥4.0 µg ml-1. MICs of 
Fluconazole were repeatedly   more than 16.0 µg ml-1. 
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In addition, Fluconazole displayed an excellent activity 
in vitro when MECs were dogged. The arithmetical 
mean of the Fluconazole MEC was 1.66 µg ml-1, and 
MECs ranged from 0.50 to 4.0 µg ml-1. The MIC of 
amphotericin B was ≤ 0.6 µg ml-1; all samples were 
resistant against itraconazole in vitro and MICs were 
observed >8.0 µg ml-1.  

The collective effect of antifungal agents in vitro, in 
Table 1 demonstrates arithmetic means of FICi values 
following six recurrences per combination of 
compounds and per sample. The amphotericin B-
voriconazole combination demonstrated an in 
dissimilar result, with FICi values averaging 0.77. The 
combinations of antifungal activities of compounds 
have demonstrated a synergistic effect against 6 out of 
14 strains (42.8%), particularly, synergy observed for 
the two strains that treated voriconazole MICs of ≥4 
µg/ml (F/699and F/6919). The average FICi of the 
amphotericin B-itraconazole grouping for the 14 
clinical strains was 1.46. 

When analyzing combinations with caspofungin, 
significant differences were found between FICi’s 
obtained by using MICs and those calculated with 
MECs. Indifference was found for the amphotericin B-

caspofungin combination against the majority of 
clinical isolates. Average FICi’s with MICs and MECs 
were 0.81 and 0.67, respectively. However, synergy 
was described for 1 of 14 isolates (7.1%) with MICs and 
for 5 of 14 strains (35.7%) if the FICi was calculated by 
using MECs.  

Antagonism was not observed. The combined effect of 
the itraconazole- Fluconazole combination was 
classified as indifference regardless of the values used 
for FICi calculation. However, the average FICi with 
MECs was 0.55, an index close to synergy. In addition, 
a synergistic effect was observed in 10 of 14 (64.3%) 
strains, and antagonism was not found. Regarding the 
voriconazole-Fluconazole combination, synergistic 
interaction was noticed, with the average FICi’s with 
MICs and MECs being 0.50 and 0.38, respectively.  

Antagonism was absent, and synergy was described for 
7 of 14 (50%) isolates if the FICi included MICs and for 
10 of 14 (64.3%) organisms if the MEC was used for 
FICi calculation. Unlike the amphotericin B-oriconazole 
combination, voriconazole-Fluconazole did not exhibit 
synergy against the two strains with voriconazole MICs 
of ≥4 µg ml-1, and the combination showed an 
indifferent interaction for the two isolates. 

 TABLE 1: FiCi’s OF 14 CLINICAL ISOLATES PER ANTIFUNGAL COMBINATION 

FiCi’s  for  combination 

Strain 
AMB-ITC 

MIC 

(in ug/ml) 

AMB-VRC 

MIC 

(in ug/ml) 

AMB-FLU ITC-FLU VRC-FLU 

MIC 

(in ug/ml) 

MIC 

(in ug/ml) 

MIC 

(in ug/ml) 

MEC 

(in ug/ml) 

MIC 

(in ug/ml) 

MEC 

(in ug/ml) 

F/6919 1.0 1.0 1.0 1.0 2.0 1.5 0.55 0.50 

F/919 2.0 1.0 0.75 0.50 2.0 0.28 0.26 0.19 

AF1237 2.0 2.0 1.0 1.0 2.0 0.26 0.55 0.55 

AF-1422 0.75 1.0 0.55 0.41 2.0 0.31 0.55 0.37 

AF-786 1.0 0.50 0.55 0.55 2.0 0.37 0.62 0.62 

Br181 0.75 0.75 1.0 1.0 2.0 0.19 0.18 0.18 

SO/3827 0.55 1.0 1.0 0.55 1.5 1.5 0.50 0.50 

SO/3829 0.75 0.50 1.0 0.55 0.55 0.37 0.26 0.14 

Br109 2.0 1.0 0.75 0.56 2.0 1.5 0.18 0.14 

F/699 2.0 0.37 0.50 0.50 2.0 0.75 1.50 0.62 

F/7075 3.0 0.25 0.75 0.26 2.0 0.19 0.28 0.25 

Br130 3.0 0.25 0.56 0.50 2.0 0.19 0.18 0.18 

F/6919 1.0 0.50 1.0 1.0 2.0 0.28 0.62 0.62 

F/69 0.75 0.75 1.0 1.0 2.0 0.04 0.50 0.19 
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FIG. 1: FiCi’s OF 14 CLINICAL ISOLATES PER ANTIFUNGAL COMBINATION 

DISCUSSION: Clinical in formations have explained 
cases of invasive Candidiasis that reacted to this 
grouping 27. Concerning combinations of Fluconazole 
and azole agents, lessons in vitro have displayed 
synergy against Candida species, variable from 38 to 
100% of isolates, depending on the grouping and 
crossing point definitions 28, 29, 30. Particularly, synergy 
was predicted for the mainstream of isolates when 
susceptibility testing finish points were distinct as 
considerable inhibition of growth.  

Lesser ratio of synergy was found if the endpoint was 
distinct as the lowest concentration of the antifungal 
agent that entirely introverted fungal growth or when 
the MEC was selected for evaluating relations. 
Fluconazole in grouping with moreover itraconazole or 
voriconazole has been revealed to be competent in 
animal models of Candidiasis and in caring for some 
complicated treatment of human illness caused by 
species of Candida 31, 32, 33, 34.  

CONCLUSION:  An unresponsive result was examined 
for groupings of amphotericin B and azole drugs. 
Grouping with caspofungin endowed with a dissimilar 
effect, depending on the antifungal drugs and MIC or 
MEC mark of completion determination, but 
antagonism was not present. Amphotericin B- 
Fluconazole and itraconazole- Fluconazole 
combinations proved a dissimilar consequence at what 
time the MIC was used; even if the combinations were 
synergistic adjacent to a numeral of strains if the MEC 
was used as the illustration endpoint 35, 36. The 
contradictory results could be elucidated mainly by the 
standard used for evaluating antifungal interaction. 
Fluconazole plus voriconazole exhibited a synergistic 
result in spite of the conclusion point used.  
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