
 
 

O
R

IG
IN

A
L

 A
R

T
IC

L
E

 

 

 

 

 
Volume 14 Number 2 (April 2022) 260-267 

 

Iodine induces toxicity against Candida albicans and Candida glabrata 

through oxidative stress 
 
 

Sergio Cuellar-Rufino, Omar Arroyo-Xochihua, Aranthxa Salazar-Luna, Omar Arroyo-Helguera*
 

 

 
Deparment of Biomedicine Applied to Public Health, Public Health Institute, Veracruzana University, Xalapa, 

Veracruz, México 
 

 
 

Received: December 2021, Accepted: February 2022 

 
ABSTRACT 

 

 
Background and Objectives: Candida species are antifungal-resistant opportunistic infections that spread through contami- 

nated medical staff hands and hospital surfaces creating a nosocomial infection risk. Iodine´s antibacterial properties are well 

established; however, its antifungal properties remain unknown. The objective of this study was to investigate the antifungal 

effects of lugol on cell viability and oxidative stress on Candida albicans and Candida glabrata strains. 

Materials and Methods: MTT reduction test and sensitivity growth assay were used to determine viability and minimal 

inhibitory concentration, colorimetric tests were used to analyzing lipoperoxidation and antioxidant status in C. albicans, 

parental C. glabrata, C. glabrata lacking catalase gene (cta1) and superoxide dismutase 1 and 2 double mutants (sod1∆ 

sod2∆) strains exposure to lugol were used. 

Results: In both C. albicans and C. glabrata wild types lugol treatment decreased cellular viability in a dose-dependent man- 

ner at 30 mm. The cytotoxic lugol effect was characterized by the increase of oxidative stress and the reduction of superoxide 

dismutase and catalase enzyme activities. C. glabrata strains lacking catalase (cta1) and superoxide dismutase 1 and 2 double 

mutants (sod1∆ sod2∆) were less resistant to lugol than parental C. glabrata strains. 

Conclusion: In Candida strains iodine lugol solution has antifungal properties, producing cytotoxicity and oxidative stress. 

Superoxide dismutase 1 and 2 activities are involved in resistance of Candida to iodine. 
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INTRODUCTION 

 
In hospitalized patients who are receiving invasive 

operations, antibiotic therapy, or another medicines 

that impair the immune system, nosocomial infec- 

tions are a risk factor for morbidity and death (1-3). 

In immunocompromised patients, the most common 

sources of infection include contact with healthcare 

staff, as well as exposure to bacteria and fungi-con- 

taminated surfaces and medical equipment (4). Ac- 

cording to the World Health Organization (WHO), 

nosocomial infections are from 5-10% of all hospi- 

talizations in North America and Europe, whereas in 

Latin America, Asia, and Africa are more than 40% 

(5). C. albicans is the most common pathogenic fun- 

gus in humans, accounting for half of all cases and 

is followed by C. glabrata, C. parapsilosis, C. tropi- 

calis, C. krusei, C. lusitaniae, C. guilliermondii and 

most recently C. auris (6-9). 

Azoles are the most commonly prescribed treat- 
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ments  for  fungal  infections,  but  their  widespread 

use has resulted in resistance, particularly in Candi- 

da species such as C. albicans and C. glabrata (10). 

Candida species have antioxidant mechanisms to 

avoid phagocytes (11). For example, C. glabrata has 

blue and 2.0% agar) was used for growth sensitivity 

assays and YPD without 2.0% agar for viability MTT 

assay. All plates and liquid cultures were incubated at 

30°C for 48 hours. 

a high tolerance to H O and only requires one cata- Viability MTT assay. Lugol ś cytotoxic effect was 
2    2 

lase Cta1 gene, which is regulated by the transcrip- 

tional factors Yap1 and Skn7 (12, 13). Furthermore, 

superoxide dismutases 1 and 2 (SOD1 and SOD2, 

respectively) are the first line of defense against oxi- 

determinate by MTT assays, aliquots of 1.0 mL with 

1×106  CFUs/ml of each strain were pipetted into ep- 

pendorf tubes with 1-100 mM of lugol in YPD me- 

dium or vehicle. The suspensions were incubated at 

dative stress caused by O (14). The role of SODs in 30°C for 6-48 h. After incubation, 50 μL of 5 mg 

C. glabrata has been previously reported, and they 

contributes to the C. glabrata resistance mechanism 

(12, 13, 15, 16). 

On the other hand, proper surface disinfection in 

hospitals is crucial for reducing pathogen contami- 

nation and the frequency of nosocomial infections in 

various areas of the hospital (17). Because prolonged 

use of disinfectants leads to resistance, multiple dis- 

infectants should be used depending on the pathogen, 

the product developed, and the material in contact 

with the disinfectant on the surface (18). In humans, 

iodine  is  an  important  element  with  antioxidant 

and antiproliferative characteristics, which helps to 

maintain normal tissue physiology (19). On the other 

hand, iodine has broad-spectrum bactericidal activi- 

ty, and causes DNA denaturation and oxidative stress 

(20). In hypothyroidism rats, iodine supplementation 

causes oxidative stress (21). The purpose of this 

study was to analyze how iodine as lugol (a mix of el- 

emental iodine and potassium iodine) affected yeast 

viability, oxidative stress and antioxidant activity in 

C. albicans and C. glabrata yeast strains. 
 

 
 

MATERIALS AND METHODS 

 
Strains and media. The following strains were 

used: C. albicans SC 5314 (ATCC MYA-2876), C. 

mL-1 MTT was added and incubated at 30°C for 2 h. 

The reaction was stopped with 100 μL of DMSO and 

then, the absorbance was measured at 570 nm against 

yeast-free control. 

 
Methylene blue disk diffusion and growth as- 

says. Modified Kirby-Bauer disc diffusion test (22) 

was used to evaluate chronic effect. In brief, 1 × 106
 

CFUs/ml of each yeast suspension was prepared in 

phosphate-buffered saline (PBS on YPD supplement- 

ed with 0.5 µg/ml methylene blue (MB). Disc filters 

of 8mm of diameter were impregnated with 0.1, 1, 5, 

10, 30 and 50 mM of lugol and then placed on YPD- 

MB agar plates previously inoculated with 1 × 106
 

CFU/ml of each strain of Candida evaluated. The 

plates were incubated at 30ºC for 24 h. The presence 

of inhibition zones or halo (precipitate of methylene 

blue) was measurement by the diameter of the inhi- 

bition zone around each filter using a Motic AE31 

inverted microscope. Gap distance of the inhibition 

zone was measured using Motic Imagine Plus soft- 

ware 2013. To assess the acute effect of Lugol, growth 

assay was carried out as described previously (23, 

24). All strains were diluted with constant shaking in 

fresh YPD broth. Each strain was exposed to differ- 

ent concentrations of lugol (0, 0.1, 1, 5, 10, 30, 50 and 

100 mM) and after treatment, YPD broth with lugol 

was removed by centrifugation. The cultures were 

glabrata CBS 138 (ATCC-2001) and two mutant C. suspended in distilled water and their OD were ad- 

glabrata strains; Cta1∆ lacking the catalase enzyme 

(CTA1) and Sod1∆ sod2∆ double mutant lacking su- 

peroxide dismutase enzyme CuZnSOD (SOD1) and 

the MnSOD (SOD2) were previously reported (11, 12, 

16). All strains were generously donated by Alejandro 

de las Peñas and Irene Castaño from IPICYT, Méx- 

ico. The yeast strains were grown in standard yeast 

media YPD broth containing 10 g/L yeast extract, 

20 g/L peptone, 2% glucose were supplied by Fish- 

er. YPD-MB agar (YPD containing 0.01% methylene 

justed to 0.5 and 10-fold. Serial dilutions were made 

in 96-well plates and 5 μl of each dilution was spotted 

onto YPD agar plates and photographed in a GelDoc 

documentation system (BioRad). 

 
Determination of the minimum inhibitory con- 

centration (MIC) and minimum fungicidal con- 

centration (MFC). The YDP fungal suspension was 

used to inoculate the tubes in the test group. The test 

groups were prepared with 1 ml of YPD medium con- 
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taining 10 µl of dimethyl sulfoxide (DMSO) 10%, the 

final concentration never exceeded 2%, and 200 µl of 

each strain of yeast suspension previously adjusted. 

Lugol, fluconazole, and amphotericin were respec- 

tively added to tubes containing culture medium in 

the test groups, then adding a sufficient amount of 

glucose 2% to a final volume of 1 ml and serial dilu- 

tions and concentration gradient is established as fol- 

lows: Lugol 50 to 0.1 mmol, fluconazole 7.5 × 10-6 to 

1 × 10-5 mmol and amphotericin B of 3.3 10-6 to 5 × 10-
 

7. The test tubes were incubated at 30°C on an orbital 

shaker for 24 hours, and the MICs were determined. 

The MIC was defined as the lowest concentration of 

the lugol at which the microorganism did not demon- 

strate visible growth. The growth of microorganisms 

is evaluated counting with hemocytometer for each 

repetition. To determine the minimum fungicidal 

concentration (MFC), aliquots (20 µl) of broth were 

taken from each negative after reading MIC tube, 

and cultured in the YPD plates and incubated at 30°C 

for 24 h. The MFC was defined as the lowest con- 

centration of the lugol at which the microorganism 

was completely killed. Each test was performed in 

triplicate. Fluconazole and amphotericin B were used 

as positive controls antifungal. For each strain test- 

was added. The samples were centrifuged and the 

supernatant was read and measured at 532-600 nm 

in a microplate reader (Spectramax Plus; Molecular 

Devices, Sunnyvale, CA). The results were expressed 

in absorbance units per 0.1 ml of sample nmoles/mg 

protein. 

 
Superoxide dismutase and catalase activities. 

Proteins extracts from Candida strains treated with 

lugol were isolated by homogenizing the cells with 

zirconia beads in PBS supplemented with protease 

inhibitors (Sigma FAST). Protein content was de- 

termined previously by the Bradford assay (25), fol- 

lowed manufacturer instructions (BIO-RAD). Total 

superoxide dismutase activity was assayed according 

to McCord (26). The assay was performed in a total 

volume of 1ml containing 50mmol l-1  glycine buffer 

(pH 10), 60mmol l-1   epinephrine, and the enzyme. 

Epinephrine was added, and adrenochrome forma- 

tion was recorded at 480nm in an ultraviolet-visible 

(UV-Vis) spectrophotometer during 4 min. One unit 

of SOD activity was equivalent to the amount of en- 

zyme required to inhibit epinephrine oxidation by 

50% under the experimental conditions. The assays 

were performed in triplicate. For catalase activity, we 

ed, the growth conditions and medium sterility were used the method of Aebi (27), H O solution (10mM), 
2    2 

checked in two control tubes. The safety of DMSO 

was checked with the highest tested concentration. 
enzyme extract, and 50mM phosphate buffer (pH 7) 

were pipetted into a cuvette. The reduction of H O 
2    2 

All experiments were performed in triplicate. 

 
Oxidative stress determination. Oxidative stress 

was measured by conjugated dienes in 0.5 mL of 

sample, which was mixed with 7 mL of chloroform/ 

methanol (2:1 v/v) and shaken for 1 min, then, the 

samples were centrifuged at 3,500 rpm for 10 min. 

The chloroform phase obtained was warmed, and the 

residue was reconstituted with 1 mL of hexane and its 

absorbance was read and measured against a hexane 

blank at 233 nm in a microplate reader (Spectramax 

Plus; Molecular Devices, Sunnyvale, CA). Results 

were expressed in absorbance units. TBARS was 

measured after treatment with lugol. Yeast strain cell 

suspension was centrifuged (12,000 g, 5 min), pellet 

was re-suspended in lysis buffer (2% Triton-x100, 1% 

SDS, 100 mM NaCl, 10 mM TRIS-HCl, 1 mM EDTA 

pH 8.0). Following centrifugation (12,000×g, 5 min), 

mix with 0.4 % of tiobarbituric acid, 20% acetic acid 

pH 3.0 were added to each sample, all samples were 

warmed in a thermoblot to at 95°C during 45 min- 

utes and rapidly were cooled in ice and 1.2% of KCl 

was followed at a wavelength of 240nm for 4 min 

against a blank containing 50mM phosphate buffer 

and enzyme extract. Catalase activity was expressed 

in ΔE min-1 (mg protein)-1. The assays were performed 

in triplicate. 

 
Statistical analysis. The data presented in all the 

figures are mean ± standard deviation (SD) of inde- 

pendent experiments (n =5 by triplicate). Data from 

different experiments were normalized to the control 

value before being combined for statistical analyses. 

Differences between several groups were determined 

using one-way ANOVA followed by the Student New- 

man Keuls test using GraphPad software (GraphPad 

Software Inc., San Diego, CA). T test was used for 

comparison between two groups: p < 0.05 was con- 

sidered significant. 
 

 
 
RESULTS 

 
Chronic and acute effect of lugol on growth of C. 
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albicans and C. glabrata. MTT and MB tests were 

used to determine the chronic effect of lugol exposure 

(long-term) on C. albicans and C. glabrata growth. 

Candida strains were subjected for 6 to 48 h to lugol 

concentrations ranging from 0.1 to 100 mm. After 48 

h of chronic lugol exposure, MTT test revealed that 

C. albicans and C. glabrata strains were substantially 

suppressed in a dosage and time dependent manner, 

with 70 and 50% yeast viability in both C. albicans 

and C. glabrata (Fig. 1A and B). Furthermore, since 

30 mm of lugol at 24 h of treatment, the MB disk dif- 

fusion experiment reveals a dose-dependent growth 

inhibition against C. albicans and C. glabrata (Fig. 

1C). The acute lugol effect has similar results than 

chronic lugol effect stated above, therefore C. albi- 

cans and C. glabrata strains both demonstrated a re- 
 
 

 

Fig. 1. C. albicans and C. glabrata yeast viability test after exposure to lugol. Saturated C. albicans and C. glabrata paren- 

tal strain (BG14) yeasts cultures were diluted into fresh YPD broth and grown to reach a OD = 0.5 after seven doublings 

at 30°C, each culture was then divided and exposed to different concentrations of lugol solution at 0.1, 1, 5, 10, 30, 50 and 

100 mm for 6 to 48 hours to analyze the chronic effect. A), and B), MTT viability tests; C), MB disk diffusion assay, in which 

lugol concentration were 0.1mM in the center disk of petri dishes and then clockwise at 12 o'clock; D), acute lugol effect, after 

of 1 to 3 hours of lugol treatments, the cultures were suspended in distilled water and their OD 

the cultures were logarithmically diluted and each dilution was spotted onto YPD agar plates. 

was adjusted to 0.5, following 
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 Lugol & antifungal 

drugs 
Range 

(mmol) 
MIC   24 h 

(mmol) 
MIC   24 h 

(mmol) 
C. albicans (n=6) Lugol 0.1-50 13 22.3 

 Fluconazole 7.5 × 10-6 to 1 × 10-5 2.38 × 10-7 4.56 × 10-7 

 amphotericin 3.3 × 10-6 to 5 × 10-7 1.83 × 10-6 3.49 × 10-6 
C. glabrata (n=7) Lugol 0-50 21 39.17 

 Fluconazole 7.5 × 10-6 to 1 × 10-5 8.3 × 10-6 1.51 × 10-6 

 amphotericin 3.3 × 10-6 to 5 × 10-7 2.3 × 10-3 4.1 × 10-3 

 

50 

50 90 

600 

600 

90 

 

 
 

duction in viability to lugol after 1 hour of treatment 

(Fig. 1D). 

 
Minimal inhibitory and fungicidal lugol con- 

centration. The data in the Table 1 demonstrate that 

lugol has a potent antifungal property. After of 24 h 

gol concentrations were investigated and the sod1Δ 

sod2Δ mutant and ctaΔ were more susceptible to lu- 

gol treatment in chronic effect as the parental C. gla- 

brata strain (Fig. 1C and 2A). The acute effect, on the 

other hand, reveals that only the sod1Δ sod2Δ double 

mutant was more susceptible to lugol exposure since 

of treatment, the MIC and MIC doses against C. 1 mm compared to parental and ctaΔ C. glabrata 

albicans were from 3 to 23 mmol and 21 to 39 mmol 

against C. glabrata, respectively. 

 
Lugol susceptibility of C. glabrata in the ab- 

sence of catalase and superoxide dismutase 1 and 

2 genes. C. glabrata possesses one catalase cta and 

two superoxide dismutase Sod 1 and sod2 genes to 

defend against oxidative stress, according to previ- 

ous research (11, 12). The sensitivity of C. glabrata 

sod1Δ sod2Δ double mutant and ctaΔ strains to lu- 

strains (Fig. 2A and 2C). 

 
Lugol induce oxidative stress and increase of 

catalase and superoxide dismutase’s activities in 

C. albicans and C. glabrata strains. Our findings 

show that cta∆ and Sod1∆ Sod2∆ C. glabrata mu- 

tants are more susceptible to acute lugol treatment 

administration  than  parental  C.  glabrata,  imply- 

ing that iodine causes oxidative stress. Conjugated 

dienes and TBARS were measured to confirm these 

 
Table 1. Lugol´s minimum inhibitory concentrations (MIC and MIC ) for Candida strains. 

 
 

50                                                                   90 

 
 
 
 
 
 
 
 
 

 
All data were calculated from five independent experiments. 

 

 
 

Fig. 2. Candida glabrata cta∆ and sod1∆ sod2∆ mutant strains yeast viability after exposure to lugol. After seven doublings at 

30°C, a saturated culture of C. glabrata parental strains was diluted into fresh YPD broth and grown to an OD  = 0.5. Each 

culture was divided and exposed to different concentrations of lugol solution at 0.1, 1, 5, 10, 30, 50 and 100 mm for 24 to 72 

hours to examine the chronic effect. A), MB disk diffusion test, where the lugol solution in the middle disk of petri dishes and 

then clockwise at 12 o'clock; B), After of 1 to 3 hours of 0 to 30mM lugol treatments, the cultures were withdrawn, suspender 

in distilled water, and their OD were adjusted to 0.5. The cultures were logarithmically diluted and each dilution was spotted 

onto YPD agar plates. 
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findings. Table 2 shows that 10 mm of lugol expo- 

sure significantly increased conjugated dienes and 

TBARS levels in both C. albicans and C. glabrata 

strains compared  to  control.  Similarly,  treated  C. 

glabrata and C. albicans strains exposed to 10 mM 

of lugol showed significant increases in catalase and 

superoxide enzymatic activities (Table 2). 
 

 
 

DISCUSSION 

 
The antimicotic action of lugol against Candida 

species such as C. albicans and C. glabrata was 

demonstrated in this study. Our findings are consis- 

tent with prior findings using iodopovidones to pre- 

vent C. albicans biofilm development (28). 

Our initial findings demonstrated that iodine solu- 

tion in the form of lugol inhibits Candida strain de- 

velopment in a dose-dependent manner in both the 

acute (from 1 mM) and chronic periods (from 100 

mM). These findings are consistent with earlier stud- 

ies of antimicrobial and disinfectant effects of iodine 

against Gram-positive bacteria, Gram-negative bac- 

teria, spores and protozoa (29, 30). The antibacterial 

activity of iodopovidones appears to be mediated by 

an oxidative influence on fatty acids and amino acids 

in the bacterial cell membrane, as well as cytosolic 

enzymes involved in the respiratory chain, causing 

denaturalized biomolecules and loss of cell function 

(28). 

In this study we use lugol, because two polymers, 

polyvinylpyrrolidone or N-Vinyl-2-pyrrolidone are 

used in the production of iodopovidone complex, 

these are excreted in urine after exposure in both 

humans and experimental animals, and it has been 

reported  that  inhalation  of  low  concentrations  of 

N-vinyl-2-pyrrolidone causes nasal cavity inflamma- 

tion, atrophy of olfactory epithelium and hyperplasia 

of respiratory basal cells, also N-Vinyl-2-pyrrolidone 

is an irritant to skin and mucous membranes, causes 

hepatotoxicity in rats and mice. In humans and ex- 

perimental animals, polyvinylpyrrolidone accumu- 

lates in the vacuoles of cells in various organs, and is 

associated with pulmonary fibrosis and pneumonia 

(31-33). 

In algae and cancerous breast cells, molecular io- 

dine required a facilitated diffusion pathway in or- 

der to pass the cell membrane (34, 35). Once inside, 

our finding demostrated that lugol induce oxidative 

stress, increasing conjugated dienes at levels of 30- 

50 mm and apoptosis (36). Due to the importance of 

conjugated dienes in the lipoperoxidation process, 

lugol is most likely acting as a strong free radical, 

causing cell membrane damage and tiol group re- 

duction (37, 38). For example, elevated levels of li- 

poperoxides have been described in animal models 

fed with high-iodine diet, suggesting that these lat- 

ter may be acting as a mechanism to counteract the 

damage caused by oxidtive stress (38). Iodine can 

also interact with the carbon double bonds in celular 

membranes of certain polyunsaturated fatty acids, 

causing physical changes such as immobilization and 

damage owing to intracellular material loss (38). 

However, the enzymatic activity of SOD and CAT 

reduced in all strains after lugol exposure at 1.0 mm, 

whereas dosages of 30 to 50 mm resulted in a de- 

crease in both enzymes, which could be attributed to 

a decrease in Candida strain proliferation. According 

to our findings, lugol has an oxidative effect on SOD 

and CAT, especially on the S-H group of cysteine, 

causing disulfide alterations and, as a result, a loss 

in protein integrity (38, 39). Some amonio acids hy- 

drogen chains can be blocked by iodine derivatives, 

resulting in structutal alterations (38). Our findings 

also revealed that the mutant strain Sod1∆ Sod2∆ 

is more sensitive to lugol treatments than the other 

 
Table 2. C. albicans, C. glabrata, C. glabrata cta∆ and C. glabrata sod1∆ sod2∆ levels o of antioxidant and oxidant after 

exposure to lugol. 

 
 

Biochemical 

parameters 

 

C. albicans 
 

C. albicans/ 

Lugol 10 mM 

 

C. glabrata 
 

C. glabrata/ lugol 

mM 
Conjugated dienes (A      /mg protein)-1 

353 nm 

TBARS (nmol MDA/mg protein)-1 
0.0391 ± 0.01 

0.0089 ± 0.0012 
0.0917 ± 0.022* 

0.0183 ± 0.003* 
0.139 ± 0.028 

0.011 ± 0.003 
0.193 ± 0.035* 

0.022 ± 0.005* 
Superoxide dismutase (U/mg protein-1) 

Catalase (ΔE min-1/mg protein-1) 
139.15 ± 6.13 

1.22 ± 0.6 
238.91 ± 11.14** 

1.41 ± 0.8* 
165.32 ±8.72 

1.62 ± 0.99 
221.11 ± 9.01** 

2.15 ± 0.4** 

 

All data represent means ± SD calculated from five independent experiments. *p<0.05, **p<0.01 
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strains, implying that lugol-induced oxidative stress 

is most likely mediated by superoxide anions (O ), 

which have been found in mitochondria from FTRL 

thyroid cells treated with iodine excess (40). 
 

 
 

CONCLUSION 

 
For first time, we demonstrated that lugol exhib- 

its antifungal effects against Candida yeasts, partic- 

ularly C. albicans and C. glabrata strains, with the 

mutant strains Sod1∆ and Sod2∆ being the most sus- 

ceptible to lugol. The antifungal lugol mechanism in- 

volves an increase in oxidative stress and a decrease 

in antioxidant activity of both SOD and CAT en- 

zymes. To fully comprehend the chemical activity of 

iodine as lugol solution against yeast, more research 

is required. 
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