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Background and Purpose: Amphotericin B (AmB) is the standard treatment for 

systemic fungal infections; however, the formation of reactive oxygen species reduces 

the efficacy and stability of this molecule. The present study aimed to evaluate the effect 

of the combination of AmB with ascorbic acid and α-tocopherol on its autoxidation and 

antifungal activity. 

Materials and Methods: The antifungal activity against Candida albicans was 

evaluated by the viable cell counting method and checking their morphological changes 

with a scanning electron microscope. Monomer state of AmB was assessed by scanning 

the UV absorbance in the range of 300-450 nm and the lipid peroxidation was measured 

using quantification of thiobarbituric acid reactive-substances (TBARS). 

Results: Based on the findings, the addition of ascorbic acid (3×102 µg/mL) and α-

tocopherol (16 µg/mL) to the reaction medium of AmB increased its antifungal activity 

while maintaining its molecular stability. Moreover, the level of TBARS formed in the 

reaction medium of AmB was significantly reduced after combination with ascorbic acid 

and α-tocopherol.  

Conclusion: Given their availability, their anti-free radical activity, and their low 

toxicity, the incorporation of ascorbic acid and α-tocopherol into the reaction 

medium of AmB seems to be a promising approach to obtain an effective antifungal 

formulation. 
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Introduction
he antifungal treatment has serious problems 

since there are no medications that are both 

effective and non-toxic; moreover, the increase 

in the resistance to antifungals can lead to 

treatment failure [1-3]. Among the most used 

antifungals, amphotericin B (AmB) is still the 

medication used against life-threatening systemic 

infections caused by various fungi, such as Candida 

albicans [4, 5]. Despite the fact that AmB is a very 

active molecule, its use is limited due to problems of 

solubility, stability, and absorption which induce high 

toxicity [5, 6]. This cytotoxicity is mainly due to the 

mechanism of action of AmB that is based on its 

interaction with membrane sterols and also to the 

production of reactive oxygen species [7]. 

Formation of these highly reactive intermediates 

would reduce the effective concentration of the 

medication in solution and also possibly contribute to 

its toxicity as has been reported for several unsaturated 

lipids [8]. However, the unstable nature of  AmB 

probably reflects its susceptibility to autoxidative 

attack as suggested for members of the polyene group 

[9-11]. Nevertheless, the addition of an antioxidant to a 

yeast culture treated with AmB should improve its 

stability and the biological activity of the antibiotic for 

extended periods [10, 11]. 

In this regard, the present study aimed to evaluate 

the effect of two antioxidant molecules, namely 

ascorbic acid and α-tocopherol, on the reaction medium 

of AmB in order to limit autoxidation reactions and 

increase its therapeutic efficacy. 
 

Materials and Methods 
This study was carried out in the Antifungal 

Antibiotics Laboratory: Physical Chemistry, Synthesis, 

and Biological Activity, Department of Biology, 

University of Tlemcen, Tlemcen, Algeria (decree: 

N°256 du, 11/04/2001). 

 

Yeast strain and growth conditions 

The yeast C. albicans ATCC10231 (American 

Type Culture Collection, Mendelevium, USA) coming 

T 
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from the Pasteur Institute of Paris. This stock was 

maintained by successive road repairs on Sabouraud 

dextrose agar (Sigma-Aldrich, Germany) and preserved 

at +4 °C.  

 

Preparation of antifungal solutions 
The pure AmB was obtained from the Bristol 

Myers Squibb laboratory in France. The stock solution 

was prepared by extemporaneously prepared antifungal 

in dimethyl sulfoxide (DMSO) (Sigma-Aldrich, 

Germany). From this stock solution, antifungal 

solutions were prepared at 20 µg/mL to measure the 

level of the anti-lipid peroxidation activity at 0.4 

µg/mL and evaluate the antifungal activity [12, 13]. 

The ascorbic acid and α-tocopherol (Sigma-Aldrich, 

Germany) were prepared extemporaneously in DMSO 

and added to the culture medium at time zero.  

 

Antifungal susceptibility testing 

The antifungal susceptibility testing of AmB 

alone and with ascorbic acid and α-tocopherol was 

performed according to the recommendations of the 

European Committee on Antimicrobial Susceptibility 

Testing (EUCAST) [14]. The minimum inhibitory 

concentration (MIC) values were determined in 

Roswell Park Memorial Institute 1640 medium 

(RPMI 1640) (Sigma-Aldrich, Germany) buffered 

with 3-(N-morpholino)-propane-sulfonic acid (pH 

7.0 with 0.165 M) obtained from Sigma-Aldrich 

Chemie GmbH, Germany.  

Concentration of the C. albicans 10231 in the study 

was adjusted by measuring the absorbance in a 

spectrophotometer at a wavelength of 530 nm and 

adding sterile distilled water as required. A working 

suspension was prepared from a 1 in 10 dilution of the 

standardized suspension in sterile distilled water to 

yield 1-5×105 colony-forming unit (CFU)/mL. 

The antifungal stock solution was two-fold diluted 

with RPMI of 16-0.03 µg/mL for AmB. A volume of 

100 µL of inoculum suspension was added to each well 

except the sterility control. It must be mentioned that 

sterile water was added to the well instead. The 

microtitre plates were incubated for 24 h at 35 °C and 

the MIC was determined visually. 

The MIC was defined as the lowest concentration of 

the antifungal agent that produced no visible fungal 

growth, compared to the medication-free control well. 

The control wells included the well without the 

antifungal (i.e. growth control), without microorganisms 

(i.e. sterility control), and with the solvent. 

In order to determine the MIC of AmB and the 

concentrations of the combined vitamines, they were 

manipulated in several ways according to the EUCAST 

protocol with some modificationsto determine the 

effective concentrations against C. albicans strains. For 

this purpose, the range of concentrations of ascorbic 

acid (48×102 to 9.37 μg/mL) and α-tocopherol 

(1.28×102 to 0.25 µg/mL) was reduced while the 

concentrations of the antifungals were kept fixed [15, 

16]. At each manipulation, the concentration of AmB 

was reduced by a ratio of 1:2 until the achievement of 

the effective MIC of the antifungal which was 

compatible with one of the concentrations of the tested 

vitamins. 

 

Growth curves 

Antifungal activity of AmB with and without 

vitamins against C. albicans was evaluated by time kill 

curve using the viable cell counting according to the 

methodology described by Klepser et al. [17] with 

some modifications. This broth-based method was 

prepared at the starting inoculum of C. albicans 10231 

at 2×106 CFU/mL by sampling the tubes or flasks that 

contained the control (i.e., the organism with  

no medication) and antifungal agent groups. 

Concentrations of the AmB alone or in combination 

with ascorbic acid and α-tocopherol were tested in 

accordance with the MIC results. 

At predetermined time points (i.e., 0, 6, 12, 18, 24, 

and 33 h), the samples were continuously shaken and 

incubated at 30 °C. A 50 μL aliquot from each dilution 

was spread on a microscopic slide to determine the 

survivor colony count (i.e., CFU/mL). The kill curves 

were constructed by evaluation of the percentage 

growth inhibition at each time point in the presence 

and absence of the antifungal agent [18]. 

 

Scanning Electron Microscopy 

Morphological changes of C. albicans ATCC 

10231 during growth by AmB alone and in 

combination with vitamins were observed by a TM-

1000 scanning electron microscope (SEM) (Hitachi, 

Japan) with an accelerating voltage of 18 kV in the 

microscopy laboratory of the Physics Department at 

the University of Tlemcen.  

For purposes of the study, 10 mL of the C. albicans 

cell suspension at the starting concentration of 2×106 

CFU/mL was incubated at 30 °C for 33 h on a broth 

Sabouraud containing AmB with and without vitamins 

and the control group (i.e., the medium containing no 

AmB). 

To perform the SEM analyses on samples, they 

were fixed in ethanol, stained with methylene blue, and 

rinsed in a buffer. Afterward, the smears were spread 

on the microscope slide and kept in the sterile Petri 

dishes [19, 20]. The photomicrographs were processed 

and analyzed by Image J software (version 1.51a) to 

determine the charge and cell dimensions of C. 

albicans ATCC 10231 during the stationary phase in 

the absence and presence of antifungal agents [19]. 

 

UV–visible absorbance 

The medication concentrations in dispersions were 

calculated based on absorbance at 406 nm after 

appropriate dilution in methanol. Monomer state of 

AmB was determined by scanning the UV absorbance 

of AmB within the range of 300-450 nm using the 

Specord 200 PLUS  spectrophotometer (Analytik Jena, 

Germany) [21]. 

For evaluation of the monomeric state of AmB 
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formulations (with and without vitamins) at 37 °C, the 

samples were dissolved in phosphate buffer (pH 7.4/10 

mM) and the spectroscopic measurements were carried 

out at 10-5 M of AmB concentration after dilution of 

each AmB formulation with absolute methanol. 

Measurements were repeated in triplicate over a period 

of 1, 18, 24, and 33 h, and the samples were stored in a 

place protected from light at room temperature during 

the experiment [21, 22]. 

 

Lipid peroxidation assay 

Lipid peroxidation activity was determined 

according to the method of Sakanaka S. and Tachibana 

Y. with some modifications [23]. Moreover, the 

formations of TBARS were determined by mixing 1 

mL of the egg yolk solution and 0.5 mL of AmB alone 

(20 µg/mL) or in combination with vitamins (the 

concentrations were according to the MIC results). 

Subsequently, 2 mL of FeSO4 at 0.01 mM was added 

to the prepared solution. 

The mixture was shaken at 37 °C for 15 min; 

afterward, 1 mL of 2.5% trichloroacetic acid was added 

to it. The mixture was mixed well and centrifuged at 

4000 ×g for 20 min. In addition, 3 mL of the 

supernatant was mixed with 2 mL of 0.8% 2-

thiobarbituric acid and heated to 100 °C for 10 min. 

Absorbance of the mixture was measured at 532 nm in 

triplicate. 

To evaluate the results of this experiment, a 

standard curve was prepared with malonyldialdehyde 

(MDA) from 1,1,3,3-tetramethoxypropane (Sigma-

Aldrich, Germany). 

 

Statistical analysis 

Statistical analysis of the different experimental 

groups was performed using XLSTAT software 

(Version 2014.5.03). Moreover, the significance of 

differences in the antifungal activity and the 

monomeric state of AmB formulations was determined 

by the Mann–Whitney U test. It must be noted that a p-

value of less than 0.05 was considered statistically 

significant. 
 

Results  
Antifungal susceptibility testing 

To determine the MIC of AmB in combination with 

ascorbic acid and α-tocopherol, several microdilution 

tests were carried out by decreasing the MICs of the 

antifungal. According to the obtained results, a 

significant decrease (from 0.5 to 0.12 µg/mL) was 

observed in the MIC of AmB in combination with 

vitamins against C. albicans ATCC 10231. However, 

the concentrations compatible with ascorbic acid and 

α-tocopherol with the obtained MIC were 3×102 µg/mL 

and 16 µg/mL, respectively.  

 

Growth curves  

Antifungal activity of AmB with and without 

ascorbic acid and α-tocopherol against C. albicans 

ATCC 10231 is represented by the growth curves 

 
Figure 1. Effect of the addition of ascorbic acid (Vit C=3×102 

µg/mL) and α tocopherol (Vit E=16 µg/mL) on the antifungal 

activity of amphotericin B (AmB=0.4 µg/mL) against Candida 
albicans ATCC 10231. The data are presented with mean values and 

standard errors of fungal counts. Each point represents an average of 
triplicate measurements (P=0.0368, AmB vs. AmB-Vit C; P=0.0237, 

AmB vs. AmB-Vit E; P=0.0589, AmB-Vit C vs. AmB-Vit E; Mann-

Whitney U- test). 

 

shown in Figure 1. According to the results, the 

addition of ascorbic acid (3×102 µg/mL) and α-

tocopherol (16 µg/mL) to the reaction medium of 

AmB (0.4 µg/mL) increased the efficacy of the 

antifungal agent to 11% and 19%, respectively. 

Percentage of growth inhibition of fungal cells was 

estimated at 41% in the presence of AmB alone with 

a maximum growth of 59×106 CFU/mL and a latency 

phase of 24 h. 

On the other hand, it was noted that the addition 

of ascorbic acid and α-tocopherol to the reaction 

medium of AmB increased its antifungal activity 

against the strain of C. albicans ATCC 10231 with a 

percentage inhibition of 52% and 60%, respectively, 

which represents cell loads of 48×106 CFU/mL and 

40×106 CFU/mL, respectively. This inhibition in 

growth is accompanied by a prolongation of the 

latency phase which goes from 24 h (AmB alone) to 

27 h (AmB/Ascorbic acid) and 28 h (AmB/α-

tocopherol). 

 

Scanning electron microscopy 
Figure 2 shows the morphological changes of C. 

albicans ATCC 10231 cultured in the absence and 

presence of the antifungal agents during the stationary 

phase using a SEM. There was an increase in the cell 

sizes of yeasts incubated in the presence of AmB alone 

(0.4 µg/mL) and in combination with ascorbic acid 

(AmB-Vit C; 3×102μg/mL) and α-tocopherol (AmB-

Vit E; 16 µg/mL) after 33 h (which corresponds the 

stationary phase). Moreover, it must be noted that there 

was a burst in the C. albicans cells incubated in the 

presence of AmB alone.  

Based on the results of the Image J software 

(version 1.51a), the mean values of the cell sizes of C. 

albicans ATCC 10231 were 7.60, 8.47, and 8.11 μm in 

the presence of AmB alone and AmB in combination 

with ascorbic acid and α-tocopherol, respectively. it is 

noteworthy that the same value was 3.43 μm in the 

control group. 
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Figure 2. Results of scanning electron microscopy of Candida albicans ATCC 10231 cultured in the absence and presence of the antifungal agents 

during the stationary phase (amphotericin B [AmB]=0.4 µg/mL, ascorbic acid [Vit C]=3×102 µg/mL, α tocopherol [Vit E]=16 µg/mL). 

 

UV–visible absorbance 

Monomeric state of AmB was evaluated by 

measuring the UV-visible absorbance of them and the 

results are shown in Figure 3. Spectra of AmB with  

                        

                         
 

 
Figure 3. Characteristic spectra of the monomeric state of amphotericin B (AmB=10-5 M) in the presence of ascorbic acid (Vit C=3×102 µg/mL) and 

α tocopherol (Vit E=16 µg/mL) as a function of time. Each point represents the mean of triplicate measurements (P=0.4189, AmB vs. AmB-Vit C; 

P=0.0002, AmB vs. AmB-Vit E; P<0.0001, AmB-Vit C vs. AmB-Vit E; Mann-Whitney U- test). 
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Figure 4. Concentration of thiobarbituric acid reactive substance (TBARS) in the reaction medium of amphotericin B in the absence and presence of 

ascorbic acid (Vit C=3×102 µg/mL) and α tocopherol (Vit E=16 µg/mL), compared to malonaldehyde (MDA=20 µg/mL). Data represent the 

mean±SD values (n=3). 

 

and without ascorbic acid and α-tocopherol displayed 

strong absorption in the 408 nm region with different 

intensities. Indeed, AmB keeps its molecular stability 

where the characteristic peak always retains its 

maximum value at 408 nm. 

In contrast, a decrease was noted in the absorbance 

intensity of AmB over time. Spectral analysis of AmB 

(10-5 M) in combination with ascorbic acid (3×102 

µg/mL) and α-tocopherol (16 µg/mL) revealed a 

hyperchromic effect during 24 h in the combination of 

AmB and α-tocopherol. 

 

Lipid peroxidation assay 

Figure 4 represents the concentration of 

malonaldehyde in the reaction medium of AmB 

(20µg/mL) in the absence and presence of ascorbic 

acid (3.102µg/mL) and α-tocopherol (16 µg/mL) as a 

function of the measured absorbance values. 

Based on the obtained results, AmB had a great 

capacity to produce malonic dialdehyde in the reaction 

medium with a concentration of 35 μM. This 

concentration was significantly reduced by the addition 

of ascorbic acid and α-tocopherol in the reaction 

medium of AmB to 15 μM and 28 μM, respectively. 
 

Discussion 
A preliminary study based on data from the 

literature [11, 16, 24, 25] has indicated that the addition 

of ascorbic acid and α-tocopherol to the reaction 

medium of AmB reduces its toxicity to human red 

blood cells without affecting its antifungal activity 

[10]. In this regard, the present study aimed to 

determine the effective concentrations of vitamins 

which are compatible with the AmB molecule in order 

to limit the autoxidation reactions and increase its 

therapeutic effectiveness. These two molecules were 

selected due to their chemical nature, anti-radical 

activities, and low toxicities. 

The MIC of AmB and concentrations of the 

combined vitamins were determined according to the 

EUCAST protocol. Based on the results, there was a 

decrease in the MIC of AmB from 0.5 to 0.12 µg/mL 

against C. albicans ATCC 10231 in combination  

with ascorbic acid and α-tocopherol with final 

concentrations of 3×102 μg/mLand 16 µg/mL, 

respectively. This result showed an apparent 

synergistic AmB-antioxidant relationship according to 

Beggs WH [26]. 

Based on the results of the growth curves, the 

addition of ascorbic acid and α-tocopherol with final 

concentrations of 3×102 µg/mL and 16 µg/mL, 

respectively, to the reaction medium of AmB (0.4 

µg/mL; corresponds to the MIC against C. albicans 

ATCC 10231 [13]) inhibited the growth of C. albicans 

ATCC 10231. Moreover, the latency phase was 

extended from 24 h in the presence of AmB alone to 28 

h in its combination with the vitamins.  

This result is in line with those of the studies 

performed by Atmaca and Çiçek [25], as well as Baran 

and Thomas [27] which have indicated that the 

addition of antioxidant molecules to AmB stabilizes 

this molecule against auto-degradation and prolongs its 

antifungal activity against a strain of yeast C. albicans. 

In addition, the microscopic study (i.e., SEM) 

revealed that the incorporation of ascorbic acid (3×102 

µg/mL) and α-tocopherol (16 µg/mL) to the reaction 

medium of AmB (0.4 µg/mL) reduces the cell load and 

increases the size of C. albicans ATCC 10231 cells, 

compared to the yeasts incubated in the presence of 

AmB alone [19]. Investigation of the effect of 

antioxidants on the reaction medium of AmB offers a 

simple way to solve the problem of therapeutic efficacy 

and stability of this antifungal molecule. Therefore, the 

addition of ascorbic acid and α-tocopherol to the 

reaction medium of AmB did not influence the 

molecular stability and value of the peak characteristic 

of the monomer state of AmB which remained constant 

at 408 nm. 

According to Biémont [28], the study of the spectra 

of a large number of molecules has made it possible to 

establish correlations between structures and 

absorption maxima [29]. However, the hypochromic 

and hyperchromic effects caused a variation in the 

intensity of the maximum peak over time. Indeed, this 

variation can suggest the size of the AmB molecule 

and the capacity to form a molecular complex with 
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ascorbic acid and α-tocopherol. 

Monomeric state of AmB is the most effective with 

less toxicity due to its solubility in the aqueous 

medium. According to Nielsen et al. [16], the addition 

of α-tocopherol to mixed micellar solutions increases 

their solubilization which may explain the better 

efficiency and stability of the combination of AmB and 

α-tocopherol [30].  

According to Gaboriau et al. [31], AmB promotes 

the formation of reactive oxygen species, such as 

hydroperoxides, conjugated dienes, and certain 

aldehydes. Formation of these molecules is the result 

of the oxidation reaction of lipids that are added to the 

primary and secondary products [32, 33]. According to 

Eymard and Genot [34], in the case of unstable 

products, such as hydroperoxides and conjugated 

dienes (i.e., primary products), these measurements do 

not allow the determination of the exact level of lipid 

oxidation. The reason is that these intermediate 

products are quickly broken down into secondary 

products. The main stable aldehyde formed is MDA 

which is recognized as a biomarker of lipid 

peroxidation. 

Addition of the antioxidant molecules to the AmB 

reaction medium appears to be an effective approach to 

limit the spread of the lipid oxidation reaction and 

stabilize the AmB molecule in order to increase its 

activity against C. albicans. Results of this study are 

consistent with those of a study performed by  Kovacic 

and Cooksy [35] who concluded that ascorbic acid and 

α-tocopherol form a stable and active complex with 

AmB to increase their antifungal activity. 
 

Conclusion 
Addition of ascorbic acid and α-tocopherol to the 

reactive medium of AmB could provide an answer to 

the solubility, stability, and toxicity problems 

commonly encountered in chemotherapy. These 

advantages are due to the antioxidant power of the 

added molecules; they protect AmB against oxidative 

damage and retain its molecular stability. 
 

Acknowledgments 
The authors would like to thank the members of the 

microscopy laboratory in the Department of Physics 

and the Antifungal Antibiotics Laboratory: Physical 

Chemistry, Synthesis, and Biological Activity in the 

Department of Biology at the University of Tlemcen, 

for their assistance, availability of chemicals, and 

accessibility to analysis equipment. Moreover, they 

would like to express their gratitude to Pr. Boucif 

Belhachemi who reviewed the English of this article. 
 

Authors’ contribution 

M.H.B. participated in the design study, performed 

experiments, interpreted the data, and contributed to 

the final editing of the manuscript. S.B. contributed to 

all steps of the experimental aspect of the study and 

data analysis. Z.B and K.B. analyzed data and prepared 

the draft of the manuscript. 
 

Conflicts of interest  
The authors declare that there was no conflict of 

interest regarding the publication of this article. 
 

Financial disclosure 
This work was supported by the Ministry of Higher 

Education and Scientific Research of Algeria. The 

authors declare no financial interests related to the 

materials of this study. 
 

References 
1. Hamill RJ. Amphotericin B formulations: a comparative review 

of efficacy and toxicity. Drugs. 2013; 73(9):919-34.  

2. Torrado JJ, Espada R, Ballesteros MP, Torrado-Santiago S. 
Amphotericin B formulations and drug targeting. J Pharm Sci. 

2008; 97(7):2405-25.  

3. Liu M, Chen M, Yang Z. Design of amphotericin B oral 
formulation for antifungal therapy. Drug Deliv. 2017; 24(1):1-9.  

4. An M, Shen H, Cao Y, Zhang J, Cai Y, Wang R, et al. Allicin 

enhances the oxidative damage effect of amphotericin B against 
Candida albicans. Int J Antimicrob Agents. 2009; 33(3):258-63.  

5. Espada R, Valdespina S, Molero G, Dea MA, Ballesteros MP, 

Torrado JJ. Efficacy of alternative dosing regimens of poly-
aggregated amphotericin B. Int J Antimicrob Agents. 2008; 

32(1):55-61.  
6. Khan MA, Owais M. Toxicity, stability and pharmacokinetics of 

amphotericin B in immunomodulator tuftsin-bearing liposomes 

in a murine model. J Antimicrob Chemother. 2006; 58(1): 
125-32.  

7. Falci DR, da Rosa FB, Pasqualotto AC. Comparison of 

nephrotoxicity associated to different lipid formulations of 
amphotericin B: a real-life study. Mycoses. 2015; 58(2):104-12.  

8. Mesa-Arango AC, Trevijano-Contador N, Roman E, Sanchez-

Fresneda R, Casas C, Herrero E, et al. The production of reactive 
oxygen species is a universal action mechanism of Amphotericin 

B against pathogenic yeasts and contributes to the fungicidal 

effect of this drug. Antimicrob Agents Chemother. 2014; 
58(11):6627-38.  

9. Ferreira GF, Baltazar Lde M, Santos JR, Monteiro AS, Fraga 

LA, Resende-Stoianoff MA, et al. The role of oxidative and 
nitrosative bursts caused by azoles and amphotericin B against 

the fungal pathogen Cryptococcus gattii. J Antimicrob 

Chemother. 2013; 68(8):1801-11.  
10. Belhachemi MH, Boucherit K, Boucherit-Otmani Z, Belmir S, 

Benbekhti Z. Effects of ascorbic acid and alpha-tocopherol on 

the therapeutic index of amphotericin B. J Mycol Med. 2014; 
24(4):e137-42.  

11. Brajtburg J, Elberg S, Kobayashi GS, Medoff G. Effects of 

ascorbic add on the antifungal action of amphotericin B. J 
Antimicrob Chemother. 1989; 24(3):333-7. 

12. Belmir S, Boucherit K, Boucherit-Otmani Z, Belhachemi MH. 

Effect of aqueous extract of date palm fruit (Phoenix dactylifera 
L.) on therapeutic index of amphotericin B. Phytothérapie. 2015; 

14(2):97-101. 

13. Boucherit Z, Seksek O, Bolard J. Dormancy of Candida 
albicans cells in the presence of the polyene antibiotic 

amphotericin B: simple demonstration by flow cytometry. Med 

Mycol. 2007; 45(6):525-33.  
14. Subcommittee on Antifungal Susceptibility Testing (AFST) of 

the ESCMID European Committee for Antimicrobial 

Susceptibility Testing (EUCAST). EUCAST definitive 
document EDef 7.1: method for the determination of broth 

dilution MICs of antifungal agents for fermentative yeasts. Clin 

Microbiol Infect. 2008; 14(4):398-405. 
15. Kubo I, Himejima M. Potentiation of antifungal activity of 

sesquiterpene dialdehydes againstCandida albicans and two 

other fungi. Experientia. 1992; 48(11-12):1162-4. 
16. Nielsen P, Müllertz A, Norling T, Kristensen H. The effect of α-

tocopherol on the in vitro solubilisation of lipophilic drugs. Int J 

Pharm. 2001; 222(2):217-24. 
17. Klepser ME, Wolfe EJ, Jones RN, Nightingale CH, Pfaller MA. 

Antifungal pharmacodynamic characteristics of fluconazole and 



 

 Ascorbic acid and α-tocopherol on autoxidation and amphotericin B             Belhachemi MH et al. 

 

18                         Curr Med Mycol, 2021, 7(1): 12-18 

amphotericin B tested against Candida albicans. Antimicrob 

Agents Chemother. 1997; 41(6):1392-5. 
18. Juliano C, Marchetti M, Campagna P, Usai M. Antimicrobial 

activity and chemical composition of essential oil from 

Helichrysum microphyllum Cambess. subsp. tyrrhenicum 
Bacch., Brullo & Giusso collected in South-West Sardinia. Saudi 

J Biol Sci. 2019; 26(5):897-905.  

19. Benmansour W, Boucherit-Otmani Z, Boucherit K. Dormancy 
of Candida albicans ATCC10231 in the presence of 

amphotericin B. Investigation using the scanning electron 

microscope (SEM). J Mycol Med. 2014; 24(3):e93-100.  
20. Sangetha S, Zuraini Z, Suryani S, Sasidharan S. In situ TEM and 

SEM studies on the antimicrobial activity and prevention of 

Candida albicans biofilm by Cassia spectabilis extract. Micron. 
2009; 40(4):439-43.  

21. Alvarez C, Shin DH, Kwon GS. Reformulation of fungizone by 

PEG-DSPE micelles: deaggregation and detoxification of 
amphotericin B. Pharm Res. 2016; 33(9):2098-106.  

22. Jung SH, Lim DH, Jung SH, Lee JE, Jeong KS, Seong H, et al. 

Amphotericin B-entrapping lipid nanoparticles and their in vitro 
and in vivo characteristics. Eur J Pharm Sci. 2009; 37(3-4): 

313-20.  

23. Sakanaka S, Tachibana Y. Active oxygen scavenging activity of 
egg-yolk protein hydrolysates and their effects on lipid oxidation 

in beef and tuna homogenates. Food Chem. 2006; 95(2):243-9. 

24. Andrews FA, Beggs WH, Sarosi GA. Influence of antioxidants 
on the bioactivity of amphotericin B. Antimicrob Agents 

Chemother. 1977; 11(4):615-8. 
25. Atmaca S, Çiçek R. Effects of ascorbic acid on amphotericin B 

and nystatine activities against Candida albicans. Antimicrob 

Infect Dis Newslett. 1996; 15(1):6-8. 
26. Beggs WH. Antioxidant-stabilized amphotericin B. Diagn 

Microbiol Infect Dis. 1983; 1(4):339-41. 

27. Baran R, Thomas L. Combination of fluconazole and alpha-
tocopherol in the treatment of yellow nail syndrome. J Drugs 

Dermatol. 2009; 8(3):276-8. 

28. Biémont E. Spectroscopie moléculaire: Structures moléculaires 
et analyse spectrale. Rosny-sous-Bois, France: De Boeck 

Supérieur; 2008. 

29. Rouessac F, Rouessac A, Ourisson G. Analyse chimique 
(méthodes et techniques instrumentales modernes). France: 

Enseignement de la Chimie; 1998. 

30. Thomas S, Vieira CS, Hass MA, Lopes LB. Stability, cutaneous 
delivery, and antioxidant potential of a lipoic acid and alpha-

tocopherol codrug incorporated in microemulsions. J Pharm Sci. 

2014; 103(8):2530-8.  
31. Gaboriau F, Chéron M, Leroy L, Bolard J. Physico-chemical 

properties of the heat-induced ‘superaggregates’ of amphotericin 

B. Biophys Chem. 1997; 66(1):1-12. 
32. Brajtburg J, Elberg S, Schwartz D, Vertut-Croquin A, 

Schlessinger D, Kobayashi G, et al. Involvement of oxidative 

damage in erythrocyte lysis induced by amphotericin B. 
Antimicrob Agents Chemother. 1985; 27(2):172-6. 

33. Sokol-Anderson ML, Brajtburg J, Medoff G. Amphotericin B-

induced oxidative damage and killing of Candida albicans. J 
Infect Dis. 1986; 154(1):76-83. 

34. Eymard S, Genot C. A modified xylenol orange method to 

evaluate formation of lipid hydroperoxides during storage and 
processing of small pelagic fish. Eur J Lipid Sci and Technol. 

2003; 105(9):497-501. 
35. Kovacic P, Cooksy A. Novel, unifying mechanism for 

amphotericin B and other polyenedrugs: electron affinity, 

radicals, electron transfer, autoxidation, toxicity, and antifungal 
action. Med Chem Commun. 2012; 3(3):274-80.  

 


