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ABSTRACT
Aim: Dimorphism and virulence in Candida albicans is associated with reactive oxygen 
species and other oxidative stress related markers.  Neutrophils are known to accumulate 
high ascorbate to combat Candida. In the present study, we have investigated in vitro ef-
fect of varying concentrations of vitamin-C on oxidative stress related enzyme activities 
in Candida albicans.
Methods: Cells were exposed to increasing concentrations of vitamin-C till mid-log phase 
of growth. Cell free extract and crude membrane of Candida cells were prepared. Levels 
of reduced glutathione and of defensive enzymes; catalase, glutathione peroxidase, gluta-
thione reductase, glutathione S-transferase and superoxide dismutase were measured from 
cell free extract employing standard protocols. Crude membrane preparation was used to 
analyze lipid peroxidation level by estimating thiobarbituric acid-reactive substances.
 Results: With increase in vitamin-C lipid peroxidation was found to decrease, whereas 
superoxide dismutase activity increased. Cytosolic reduced glutathione and enzymes ac-
tivities of catalase, glutathione peroxidase, glutathione reductase and glutathione S-trans-
ferase decreased with increase in vitamin-C. 
Conclusion: Results suggest that vitamin-C acts as antioxidant with respect to superoxide 
dismutase activity and lipid peroxidation. In respect of cytosolic reduced glutathione, en-
zymes activities of catalase, glutathione peroxidase, glutathione reductase and glutathione 
S-transferase vitamin C acts as pro-oxidant. Results may have strong bearing in treatment 
of candidiasis in presence of vitamin-C.
Keywords: Candida albicans, vitamin-C, oxidative stress

ÖZET
Amaç: Candida albicans da virülans ve dimorfizm reaktif oksijen türleri ve diğer oksida-
tif stres ilişkili belirteçler ile ilgilidir. Nötrofillerin, Candida ile mücadele edebilmek için 
yüksek askorbatı biriktirdiği bilinmektedir. Bu çalışmada değişen konsantrasyonlardaki 
vitamin-C’in Candida albicans’da oksidatif stres ile ilişkili enzim aktivitelerindeki in vit-
ro etkileri incelendi. 
Yöntemler: Hücreler büyümenin mid-log fazına kadar artan konsantrasyonlarda vitamin-
C’ye maruz bırakıldı. Candida hücrelerinden, hücreden yoksun ekstre ve işlenme-
miş membranlar hazırlandı. Standart protokoller uygulanarak bu hücreden yoksun eks-
treden, azalmış glutatyon, katalaz, glutatyon peroksidaz, glutatyon redüktaz, glutatyon 
S-transferaz ve superoksit dismutaz gibi koruyucu (antioksidan) enzim düzeyleri ölçüldü. 
İşlenmemiş membran ise tiobarbitürik asit-reaktif madde miktarı ölçülerek lipid peroksi-
dasyon düzeylerinin belirlenmesinde kullanıldı.
Bulgular: Vitamin-C’deki artış ile lipid peroksidasyonda azalma ve superoksit dismutaz 
aktivitesinde artma bulundu. Vitamin-C’deki artış ile katalaz, glutatyon peroksidaz, glu-
tatyon redüktaz ve glutatyon S-transferaz enzim aktiviteleri ve sitozolik glutatyon düze-
yi azaldı. 
Sonuç: Lipid peroksidasyon ve superoksit dismutaz enzim aktivitesi sonuçlarına göre 
vitamin-C’nin antioksidan olarak etki gösterdiği öne sürülür. Azalan sitozolik glutatyon 
düzeyleri, katalaz, glutatyon peroksidaz, glutatyon redüktaz ve glutatyon S-transferaz en-
zim aktiviteleri ise vitamin-C’nin pro-oxidant olarak davrandığını gösterir. Sonuçlar can-
didiasisin tedavisinde vitamin-C varlığının unutulmaması yönünde sağlam kanıtlar oluş-
turmaktadır.
Anahtar Kelimeler: Candida albicans, vitamin-C, oksidatif stres
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Introduction
Candida albicans (C. albicans) is an opportunistic pat-
hogen that causes superficial and systemic infections (1).  
HIV infection and widespread use of immunosuppres-
sive therapy has made infections by C. albicans more 
common in recent years and more studies about this pat-
hogen are needed (2, 3). Vitamin-C boosts immunity by 
keeping disease-fighting white blood cells increased, so 
that the body is better able to stave off infections, especi-
ally opportunistic ones such as Candida that take advan-
tage of a weak immune system. Ascorbic acid has been 
shown to enhance the lethal effects of amphotericin B on 
C. albicans. It is assumed that ascorbic acid acting as a 
pro-oxidant augmented the oxidation-dependent killing 
of fungal cells induced by amphotericin B (4). Locally 
applied ascorbic acid, while being not active or worse-
ning the time course of acute vaginal candidiasis or ot-
her fungal infections, is very active in preventing fun-
gal reinfection or super infection when applied after the 
completion of a successful standard antimycotic or anti-
biotic treatment to patients (5). Treatment with antibio-
tics, poor oral hygiene, and vitamin-C deficiency appea-
red as the most significant independent risk factors asso-
ciated with topical candidiasis (6). Neutrophils which of-
fer first line of defense, against systemic candidiasis ra-
pidly transport dehydroascorbic acid inside and reduce 
it to ascorbic acid. Ascorbic acid concentration may rise 
up to 10 mM when neutrophils are incubated with C. al-
bicans (7). Functional role of this increased ascorbate is 
still an enigma. The current recommended dietary allo-
wance (RDA) of vitamin-C is 75 mg/day for women and 
90 mg/day for men, based on the vitamin’s role as an an-
tioxidant as well as protection from deficiency. High in-
takes of the vitamin are generally well tolerated; howe-
ver, a Tolerable Upper Level (TUL) was recently set at 
2000 mg/day (8). Vaginal suppositories of amount up to 
250 mg vitamin-C are routinely used to control candi-
dal vaginitis (9). Like other living cells, C. albicans ge-
nerate various oxidative agents, such as reactive oxygen 
species (ROS), from the mitochondrial respiratory cha-
in in the normal aerobic metabolism process. ROS, such 
as superoxide anions, hydrogen peroxide, and hydroxyl 
radicals, can damage many of the cellular components 
(10-12). Antioxidant nutrients and enzyme defenses are 
fundamental protectors against all forms of stress. Sin-
ce vitamin-C can act both as anti and prooxidant, in the 
present study; we have investigated the effect of diffe-
rent concentrations of vitamin-C on oxidative stress re-
lated enzyme activities in C. albicans.

Materials and methods
Candida albicans strain ATCC 10261 was used in this 
study. All media constituents, (yeast extract, peptone and 
dextrose), 5,5’- dithiobis-2-nitrobenzene (DTNB), were 
of analytical grade and procured from E. Merck (India). 
Other chemicals like vitamin-C, NADP, NADPH, oxidi-

zed and reduced forms of glutathione, were purchased 
from Sigma Chemical, USA.  All assays were performed 
with varying concentrations of vitamin-C (2, 5, 10 and 
20 mg/ml of culture media). 

Growth conditions
Stock culture of C. albicans (ATCC 10261) was main-
tained on slants of nutrient agar (yeast extract 1%, pep-
tone 2%, dextrose 2% and agar 2.5%) at 4ºC. To initi-
ate growth for experimental purposes, one loop full of 
cells from an agar culture was inoculated into 25ml of 
YEPD (Yeast Extract Peptone Dextrose)  nutrient medi-
um and incubated at 30ºC for 24 h i.e. up to stationary 
phase (primary culture). The cells from primary cultu-
re (108 cells ml-1) were re-inoculated into 100 ml fresh 
YEPD medium and grown for 8-10 h i.e., up to mid-log 
phase (106 cells ml-1).

Preparation of cell free extract of Candida 
culture
Cells free extract of Candida culture was prepared ac-
cording to described method Jethwaney et al. 1997 
(13) with minor modifications. Cells grown to mid ex-
ponential phase along with different concentrations of 
vitamin-C in YEPD medium (1 g wet wt) were sus-
pended in 2 ml grinding medium (250 mM sucrose, 10 
mM Tris HCl, pH 7.5, 1 mM PMSF) and 2 g glass be-
ads (0.45-0.50 mm diameter). The suspension was mec-
hanically disrupted in an MSK Braun cell homogenizer 
(Sartorius AG, Germany) by agitating it for a total of 
nine cycles of 10s with a gap of 3s at 4000 vibrations per 
minute. The homogenate was collected and centrifuged 
(Sigma 3K30 USA) at 1000 g for 5 min at 4°C to remo-
ve unbroken cells and glass beads. The homogenate was 
then centrifuged for 40 min at 15 000 g at 4°C and the 
resulting pellet treated as crude membrane and final su-
pernatant was treated as cell free extract. Crude memb-
rane later on dissolved in 1 mM of Tris HCl. 
Determination of vitamin-C solution: Stock vitamin-C 
solution was made in distilled water. It was filtered thro-
ugh sterile Millipore filter and then added in autoclaved 
sterile media to achieve appropriate concentration. Ascor-
bic acid concentration was determined by oxidizing it to 
dehydroascorbic acid by shaking with activated charco-
al in presence of acetic acid. After coupling with 2,4 di-
nitrophenyl hydrazine the solution was treated with sulp-
huric acid to produce color which was measured at 540 
nm. Ascorbic acid was determined by difference betwe-
en oxidized and unoxidized samples. Concentration of 
vitamin-C was determined as per standard protocol (14).

Enzymatic assay for measuring oxidative 
stress 
The following defensive enzymes related with oxidative 
stress were assayed according to the reported methods. 
For lipid peroxidation crude membrane was used and for 
the rest of enzyme assays cell free extract was used.
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Lipid Peroxidation
For lipid peroxidation the production of thiobarbituric 
acid reactive substances (TBARS) was measured by the 
method of Bernheim et al. 1948 (15). This modified met-
hod uses trichloroacetic acid to eliminate interference 
caused by malondialdehyde precursors. To a reaction 
mixture in a total volume of 2.0 ml containing 1.8 ml 
phosphate buffer (0.1M, pH 7.4), 0.2 ml of crude memb-
rane of C. albicans was added. The reaction mixture was 
incubated at 37ºC in water bath shaker for 1 hour. The 
reaction was terminated by adding 1.0 ml of 10% trich-
loroacetic acid followed by the addition of 1.0 ml of 0.67 
% thiobarbituric acid. All the tubes were kept in boi-
ling water bath for 20 minutes. The tubes were then coo-
led in ice and centrifuged at 2500 g for 10 minutes. The 
resulting supernatant containing TBARS was measured 
spectrophotometrically (Systronics uv-vis 117, India) by 
taking the absorbance at 432 nm against a reagent blank 
at 25ºC.

Reduced glutathione
Cytosolic reduced glutathione was determined by the 
method of Jollow et al. 1974 (16) with slight modifica-
tions. In this method 1.0 ml of the cell free extract was 
precipitate with 1.0 ml of 4 % sulphosalicylic acid. The 
samples were then kept for 1 hour at 4ºC and centrifuged 
at 1200 g for 15 minutes at 40ºC. The assay mixture con-
sisted of 0.1 ml of above supernatant, 2.7 ml of Phosp-
hate buffer (0.01 M, pH 7.4) and 0.2 ml of freshly pre-
pared DTNB in a total volume of 3.0 ml. The color de-
veloped due to the formation of a yellow colored comp-
lex, 5-thio-2-nitrobenzoate, was measured immediately 
at 412 nm at 25ºC.

Catalase
Catalase activity was assayed by the method of Claibor-
ne et al. 1985 (17). The assay mixture consisted of 1.99 
ml phosphate buffer (0.05 M, pH 7.0), 1.0 ml of H2O2 
(0.0019 M) and 10 μl cell free extract in a total volume of 
3.0 ml in a quartz cuvette. Decrease in absorbance due 
to the disappearance of H2O2 was recorded by spectrop-
hotometer at an interval of 30 seconds up to 3 minutes 
at 230 nm at 25ºC.

Glutathione peroxidase
Specific activity of the enzyme glutathione peroxida-
se was measured according to the procedure described 
by Mohandas et al. 1984 (18) .The reaction mixture in a 
3.0 ml cuvette consisted of 1.53 ml of phosphate buffer 
(0.05M, pH 7.0) 0.1 ml of 1 mM EDTA, 0.1 ml of 1 mM 
NaN3, 0.1 ml of 1 mM reduced glutathione, 0.1 ml of 0.2 
mM NADPH, 0.01 ml of 0.25 mM H2O2 and 100 μl cell 
free extract in a final volume of 2.0 ml. The activity was 
measured in terms of decrease in absorbance at 340 nm 
suggestive of disappearance of NADPH at an interval of 
30 sec for 3 min at 25ºC.
Glutathione reductase

Activity of glutathione reductase was assayed by the 
method of Carlberg et al. 1975 (19). The assay mixtu-
re taken in a 3.0 ml cuvette consists of 1.68 ml of phosp-
hate buffer (0.1 M, pH 7.4), 0.1 ml of 0.1 mM NADPH 
(freshly prepared by dissolving 0.833 mg in 10 ml of 0.1 
M phosphate buffer pH 7.4), 0.1 ml of 0.5mM EDTA 
(1.86 mg in 10 ml of distilled water), 0.05 ml of 1mM 
oxidized glutathione (freshly prepared) and 70 μl of cell 
free extract in a final volume of 2.0 ml. The activity was 
measured in terms of decrease in absorbance at 340 nm 
at an interval of 30 sec for 3.0 minutes at 25ºC.
Glutathione-S-transferase
Cytosolic glutathione–S-transferase activity was deter-
mined by the method of Habig et al. 1974 (20). The as-
say mixture taken in a 3.0 ml cuvette consists of 1.65 ml 
of phosphate buffer (0.1M, pH 6.5), 0.2 ml of 1 mM re-
duced glutathione (freshly prepared), 100 μl of cell free 
extract, 50μl of 1 mM freshly prepared 1-chloro-2,4-
dinitrobenzene (CDNB) in a final volume of 2.0 ml. The 
increase in absorbance corresponding to an increase in 
CDNB conjugate formed was recorded at an interval of 
30 sec for 3.0 minutes at 340 nm at 25ºC.

Superoxide dismutase
Superoxide dismutase (SOD) activity was measured 
as per protocol adopted from Marklund and Marklund 
1974 (21). For preparation of tris buffer 50 mM Tris and 
1 mM EDTA dissolved in distilled water, pH adjusted 
to 8.5. In control 2.9 ml tris buffer and 0.1 ml pyrogal-
lol was taken and in test sample 2.8 ml tris buffer, 0.1 
ml pyrogallol and 0.1 ml cell free extract was taken. Af-
ter induction period of 90 seconds, absorbance was re-
corded first in control and then in test every 30 seconds 
for 3 minutes at 420 nm at 25ºC.  The induction periods 
was allowed to achieve a steady state of authorization of 
pyrogallol. A rate of change of absorbance per minute in 
the control as well as test sample was noted to calculate 
the SOD activity.
For estimation of protein standard Bradford Assay met-
hod employed (22) and the activities of the enzymes 
were standardized on the basis of unit amount of protein. 

Statistical analysis 
The results obtained were given as “mean value ± stan-
dard error” (x ± SE). Statistical analyses were perfor-
med with the “graph pad instat software” and P value as 
< 0.001 was accepted as statistically significant.

Results
In the present study, we have investigated the effect of 
different concentration of vitamin-C on the activities 
of various enzymes, which are involved in the defense 
mechanisms of oxidative stress in C. albicans. All enz-
yme activities are well illustrated in Table 1.
Lipid peroxidation results showed gradual decline in 
rate of formation of TBARS with increasing concentra-
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tion of vitamin-C. TBARS is an indicator of lipid pero-
xidation which increases in various diseases. Control va-
lue indicated 4394 nmoles of TBARS formed/mg prote-
in, which eventually decreases with increasing concent-
rations of vitamin-C. At 2, 10 and 20 mg/ml values drop-
ped to 2902, 2348 and 2113 nmoles of TBARS formed/
mg protein respectively. Thus 53.53% decline in rate of 
formation of TBARS was found at 20 mg/ml vitamin-C 
concentration.
Activity of reduced glutathione in control cells was fo-
und to be 851 µmole GSH/g cells. As compared to abo-
ve mentioned enzymes there was not much decline in 
enzyme activity with increasing concentrations of 
vitamin-C. At 2, 10 and 20 mg/ml concentrations values 
observed were 840, 789.70 and 710 µmole GSH/g cells 
respectively. Thus 16.9% reduction in activity observed 
with 20 mg/ml vitamin C.
Enzyme activity of catalase (one of the important defen-
se enzymes) was 2393 nmoles of H2O2 consumed/min/
mg protein. At 2, 10 and 20 mg/ml vitamin-C concentra-
tion this value dropped to 2170, 2098 and 2021.38 nmo-
les of H2O2consumed/min/mg protein respectively. Thus 
15.71% reduction in enzyme activity was observed at 
higher concentration (20 mg/ml vitamin-C).
Control glutathione peroxidase activity observed was 
2.77 nmoles of NADPH oxidized/min/mg protein. The-
re was gradual fall in activity with 2, 10 and 20 mg/ml 
vitamin-C concentration indicated by values of 1.50, 

1.50 and 1.35 nmoles of NADPH oxidized/min/mg pro-
tein respectively. Thus 50.98% inhibition in activity was 
found at higher (20mg/ml vitamin C) concentration.
In case of glutathione reductase activity, control cell sho-
wed value of 8.15 nmoles of NADPH oxidized/min/mg 
protein. Along with 2, 10 and 20 mg/ml vitamin-C con-
centration values dropped to 7.68, 7.03 and 4.6 nmoles 
of NADPH oxidized/min/mg protein respectively. Thus 
percent inhibition in enzyme activity with higher con-
centration (20mg/ml) of vitamin C was 43.56.
Control glutathione–S-transferase activity was found 
to be 2.22 nmoles of CDNB conjugate formed/min/mg 
protein. Along with 2, 10 and 20mg/ml vitamin C, acti-
vity declined as indicated by values of 2.11, 0.976 and 
0.865 nmoles of CDNB conjugate formed/min/mg pro-
tein respectively, thus 61.04% inhibition in activity was 
at 20mg/ml vitamin-C concentration.
Superoxide dismutase assay showed increase in activity 
of enzyme with increasing concentration of vitamin-C. 
Control SOD enzyme activity was 2.69 units/mg prote-
in, which gradually enhanced with increasing concent-
ration of vitamin-C. At lowest concentration activity ob-
served was 9.99 units/mg protein which increased to 13 
units/mg protein at 10 mg/ml and finally at 20 mg/ml 
vitamin-C activity was found to be 19.26 units/mg pro-
tein. Almost 600% increment in SOD value observed at 
20 mg/ml concentration. 

Table 1. Oxidative stress related enzyme activity in presence of Vitamin-C

Enzymes   Control    Different concentration of vitamin-C

            2mg                       10mg        20mg

GR  8.150 ± 0.117  7.680 ± 0.164 7.030 ± 0.117 4.600 ± 0.158  

(nmol of NADPH oxidized /min/mg protein)

GST  2.22 ± 0.03  2.11 ± 0.15 0.98 ± 0.01 0.86 ± 0.05

(nmol of CDNB conjugate formed/ min/mg protein)

GPx  2.770 ± 0.003  1.500 ± 0.008 1.500 ± 0.008 1.350 ± 0.007

(nmol of NADPH oxidized /min/mg protein)

GSH  851.46 ± 2.79  840.44 ± 1.39 789.70 ± 1.39 710.29 ± 0.69

(µmol GSH/ g cells) 

CAT  2393.0 ± 65.8  2170.0 ± 20.0 2098.0 ± 22.8 2021.0 ± 20.3

(n mol H2O2 consumed /min/ mg protein

LPO  4394.00 ± 9.11  2902.00 ± 3.68 2348.00 ± 0.01 2113.00 ± 5.71

(nmol TBARS/mg protein)

SOD  2.69 ± 0.24   9.99 ± 0.24   13.07 ± 0.24 19.26 ± 0.24 

(Units/mg protein)

Data represents mean value of experiment ± SE which are performed in triplicate. GR: glutathione reductase; GST: glutathione-S-transferase; 
GPx: glutathione peroxidase; and GSH:  Reduced glutathione CAT: Catalase; SOD: superoxide dismutase; and LPO:  lipid peroxidation
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helps to maintain the redox potential of the cell was dec-
reased with the increased concentration of vitamin-C. 
Activities of other enzymes related to glutathione meta-
bolism such as glutathione reductase, glutathione pero-
xidase and glutathione-S-transferase were also decrea-
sed. It could be assumed that increasing concentration of 
vitamin C might be interfering with antioxidant system 
or defensive enzymes of Candida thus lowering level of 
reduced glutathione as well as activities of glutathione 
metabolic enzymes.
Ohmori et al 1999 (30) have examined the activity of 
enzymes that directly protect the cell against toxic oxy-
gen radicals as well as enzyme activities involved in the 
metabolism of glutathione and precursor molecules un-
der aerobic and anaerobic conditions. Total glutathione 
level (reduced and oxidized forms) was found to be 2.4 
fold higher in aerobically grown yeast cells as compa-
red to anaerobically grown cells. Aerobic growth con-
ditions did not remarkably affect the enzyme activity of 
glutathione reductase but the activities of glutathione-
S-transferase and glutathione peroxidase which cataly-
ze consuming the reduced form of glutathione as well as 
catalase and superoxide dismutase were increased under 
aerobic conditions, strongly supporting the concept that 
yeast cells grown in aerobic condition were exposed to 
an oxygen stress. Supplemented cells of Ashbya gossypii 
a filamentous fungus showed increased levels of catala-
se, glutathione peroxidase, lipid peroxides and decrea-
sed glutathione indicating that vitamin E, a well-known 
antioxidant, had acted as a pro-oxidant at low levels of 
2.5 μM and had increased the oxidative stress (31).
In accordance with our results, exposure of C. albicans 
to increased concentration of vitamin-C shows antioxi-
dant effects in case of SOD and lipid peroxidation, whe-
re enzyme activity of SOD was found to be increased 
and there was a decrease in TBARS. Contrary to abo-
ve effects, increasing concentrations of vitamin-C exer-
ted pro-oxidant effect on catalase, reduced glutathione 
and reduced enzyme activities of glutathione peroxida-
se, glutathione reductase and glutathione-S-transferase 
related to its metabolism. Under physiological conditi-
ons, vitamin-C has a predominantly antioxidant role (32). 
Pro-oxidant and pro-apoptotic effects of vitamin-C may 
be related to hydroxylation and/or formation of ascorbyl 
radicals (33).  There is report of ascorbic acid exhibi-
ting its pro-oxidant nature in C. albicans where it en-
hanced the lethal but not the permeabilizing effects of 
amphotericin B on C.  albicans (4). Thus two sets of 
conclusions can be withdrawn from present work. First 
set indicating natural antioxidant nature of vitamin-C in 
SOD and lipid peroxidation levels in Candida, being be-
neficial for the organism and second set indicating its 
more controversial pro-oxidant role in catalase, glutathi-
one metabolizing enzymes and reduced glutathione le-
vel having detrimental or adverse effects on fungus it-
self. Whether vitamin-C functions as an antioxidant or 
pro-oxidant is determined by at least 3 factors: 1) the re-

Discussion
Aerobic organisms possess antioxidant defense systems 
to deal with ROS, which is a result of aerobic respirati-
on and substrate oxidation. Normally their production 
is low and the low levels of ROS are necessary for se-
veral biological processes, including intracellular diffe-
rentiation and cell progression, arrest of growth, apop-
tosis, immunity, and defense against microorganisms. 
Increased formation of ROS and/or decreased antioxi-
dant defense can be defined as oxidative stress, which 
may damage biological macromolecules. To protect aga-
inst damage, cells contain a number of defense mecha-
nisms including endogenous well-characterized antioxi-
dant enzymes, such as catalase, superoxide dismutase, 
glutathione peroxidase, glutathione reductase, glutathi-
one S-transferase and low molecular weight antioxidant 
such as glutathione (GSH) (23, 24,12). Sulfhydryl gro-
ups (–SH) play a key role in response to oxidative stress, 
GSH/glutaredoxin and thioredoxin systems are crucial 
components in maintaining  redox homeostasis of the 
cell (25). 
Pathogens have co-opted these well-conserved antioxi-
dation mechanisms to evade phagocyte defenses, pro-
duction of these enzymes is, therefore, directly related 
to virulence.
Candida albicans is dimorphic yeast capable of produ-
cing alternate morphological forms (yeast or mycelium) 
in response to environmental changes. The dimorphic 
behavior of C. albicans has been implicated to play a 
significant role in pathophysiology of this fungus (26). 
Thomas et al. (27) have reported a dramatic decline of 
the level of intracellular GSH concomitant with yeast to 
mycelial conversion in C. albicans. The decline of GSH 
with the transition of yeast cells to mycelial forms in C. 
albicans indicates that the intracellular level of GSH is 
highly regulated. The level of free intracellular GSH le-
vel may be a biological cue for the initiation of a cascade 
of events that eventually lead to the conversion of yeast 
cell to mycelial forms. The reason for the decline of glu-
tathione in the mycelial form is not understood. One or 
more enzymes involved in C. albicans GSH metabolism 
may be directly or indirectly responsible for maintaining 
a certain intracellular level of GSH. The presumed regu-
latory mechanism may operate at the level of synthesis 
or degradation of GSH. Major reactions that may lead to 
depletion of GSH are decreased levels of GSSG reduc-
tase, increased activity of glutathione-S-transferase and 
oxidation of GSH by glutathione peroxidase, including 
the formation of GSSG (28).
It has been reported that in acidic medium levels of glu-
tathione reductase and glutathione transferase increased 
moderately whereas no significant alteration of glutathi-
one peroxidase was observed. For the cultures grown in 
basic medium, the levels of these enzymes remain unc-
hanged (29).
 In this study the intracellular level of glutathione, which 
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dox potential of the cellular environment; 2) the presen-
ce/absence of transition metals; and 3) the local concent-
rations of ascorbate (34). The last factor is particularly 
relevant in treatments that depend on the antioxidant/
pro-oxidant property of vitamin-C, because it can be re-
adily manipulated and controlled in vivo to achieve desi-
red effects. We could assume that its pro-oxidant nature 
on Candida can be further investigated.

Acknowledgements
The current study was supported by the University 
Grant Commission, India grant No. 33-223/2007 to Dr. 
L.A.Khan & Dr. N. Manzoor.

References
[1]  Bodey GP. (1993) Candidiasis: pathogenesis, diagnosis, and 

treatment, second ed., p. 371. Raven Press, New York. 
[2]  Richardson MD. (2005) Changing patterns and trends in sys-

temic fungal infections. J. Antimicrob. Chemother. 56(1):5-11.
[3]  Ivanovska N, Hristova M, Philipov S. (2000) Immunosuppres-

sion and recovery of drug-impaired host resistance against Can-
dida albicans infection by oxoglaucine. Pharmacol. Res. 41:101-
107.

[4]  Brajtburg J,Elberg S, Kobayashi GS, Medoff G. (1989) Effects 
of ascorbic acid on the antifungal action of amphotericin B. J 
Antimicrob, Chemother. 24(3):333-337.

[5]  Mailland, Federico. (Jan 2005) Pharmaceutical compositions 
comprising ascorbic acid or the treatment of fungal superinfec-
tions and fungal recurrence European Patent EP1500394.

[6]  Paillaud E, Merlier I, Dupeyron C, Scherman E, Poupon J, Bo-
ries PN. (2004) Oral candidiasis and nutritional deficiencies in 
elderly hospitalized patients. Br J Nutr. 92(5):861-867.

[7]  Yaohui W, Thomas A, Oran K, Stephen C, Steven C, Rumsey, 
Levine M. (1997) Ascorbate recycling in human neutrophils: In-
duction by bacteria. Proc. Natl. Acad. Sci. USA. 94:13816–13819.

[8]  Bsoul SA, Terezhalmy GT. (2004) Vitamin C in health and dis-
ease. J Contemp Dent Pract. 15,  5(2):1-13.

[9]  Petersen EE, Magnani P. (2004) Efficacy and safety of Vitamin 
C vaginal tablets in the treatment of non-specific vaginitis; A 
randomised, double blind, placebo-controlled study Eur J Ob-
stet Gynecol Reprod Biol. 117:70-75.

[10]  Ikner A, Shiozaki K. (2005) Yeast signaling pathways in the oxi-
dative stress response.  Mutat. Res. 569:13-27.

[11]  Dawes IW. (2004) Yeast stress responses, in: J.R. Dickinson, M. 
Schweizer (Eds.), The Metabolism and Molecular Physiology 
of Saccharomyces cerevisiae. second ed., 376-438, CRC Press, 
Boca Raton. 

[12]  Jamieson DJ. (1998). Oxidative stress responses of the 
yeast Saccharomyces cerevisiae, Yeast. 14:1511-1527.

[13]  Jethwaney D, Hofer M,Raj K, Prasad R. (1997) Functional 
reconstitution of a purified praline permease from Candida al-
bicans: interaction with the antifungal cispentacin Microbiology. 
143:397–404.

[14]  Jyaram J. (1981) Laboratory Manual in Biochemistry pg-56, 
New age International Publisher, New Delhi.

[15]  Bernheim F, Bernheim MLC, Wilburn KM. (1948) The 
reaction between thiobarbituric acid and the oxidation products 
of certain lipids. J Biol Chem. 174:257-264.

[16]  Jollow DJ, Mitchell JR,Zampagtrone N, Gillete JR. (1974) 
Bromobenzene induced liver necrosis. Protective role of gluta-

thione and evidence for 3, 4-bromobenzene oxide as the hepato-
toxic metabolite. Pharmacology. 11:151-169.

[17]  Claiborne A. (1984) Catalase activity. Hand book of meth-
ods in oxygen radical research. 283-284, CRC Press, Boca Raton.

[18]  Mohandas J, Marshall JJ, Duggin GG, Horvarth JS, Tiller DJ. 
(1984) Differential distribution of glutathione and glutathione 
related enzymes in rabbit kidney. Possible implications in anal-
gesic nephropathy. Biochem Pharmacol. 33:1801-1807.

[19]  Carlberg I, Mannervick B. (1975) Purification and char-
acterization of the flavoenzymes glutathione reductase from rat 
liver. J Biol Chem. 250:5475-5480.

[20] Habig WH,PabstM J, Fleischner G, Gatmaitan Z, Arias IM, Ja-
kob WB.(1974) The identity of glutathione-s-transferase B with 
ligandin, a major binding protein of liver. The Proc Nat Acad Sci. 
USA 71:3879-3882.

[21]  Marklund S, Marklund G. (1974) Involvement of the Superoxide 
Anion Radical in the Autoxidation of Pyrogallol and a Conve-
nient Assay for Superoxide Dismutase. European J. Biochem. 
47:469-474.

[22] Bradford ME. (1985) A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the principle 
of protein-dye binding. Anal.Biochem. 72:248-254. 

[23] Yu BP. (1994) Cellular defenses against damage from reactive 
oxygen species. Physiol. Rev. 74:139-162.

[24] Mates JM, Perez GC, Nunez CI. (1999) Antioxidant enzymes 
and human diseases. Clin Biochem. 32(8):595-603.

[25] Carmel-Harel O, Storz G. (2000) Roles of the glutathione- and 
thioredoxin-dependent reduction systems in the Escherichia 
coli and Saccharomyces cerevisiae responses to oxidative stress. 
Annu Rev Microbiol 54:439–461.

[26] Sobel JD, Mueller G, Buckley HR. (1984) Critical role of germ 
tube formation in the pathogenesis of candidal vaginitis. Infect. 
Immun. 44:576-580.

[27] Thomas D, Klein K, Manavathu E, Dimmock JR, Mutus B. 
(1991) Glutathione levels during thermal induction of the yeast 
to mycelial transition in Candida albicans. FEMS Microbiol. 
Lett. 77:331-334.

[28] Meister A. (1983) Selective modification of glutathione metabo-
lism.Science. 220:472-477.

[29] Manavathu  M, Gunasekaran S, Porte Q, Manavathu E ,Gunas-
ekaran M.(1996) Changes in glutathione metabolic enzymes 
during yeast–to-mycelium conversion of Candida albicans.Can 
J Microbiol. 42:76-79.

[30] Ohmori S, Nawata Y, Kiyono K, Murata H, Tsuboi S, Ikeda M, 
Akagi R, Morohashi K,Ono B.(1999) Sacchromyces cerevisiae 
cultured under aerobic and anaerobic conditions:air-level oxy-
gen stress and protection against stress. Biochimia et Biophysica 
Acta. 1472:587-594.

[31]  Kavitha S, Chandra T S. (2009) Effect of vitamin E and menadi-
one supplementation on riboflavin production and stress param-
eters in Ashbya gossypii. Process Biochemistry. 44(8): 934-938.

[32]  Carr A, Frei B. (1999) Does vitamin C act as a pro-oxidant 
under physiological conditions? FASEB J. 13:1007–1024.

[33]  Sakagam, H, Satoh K. (1997) Modulating factors of radi-
cal intensity and cytotoxic activity of ascorbate (review). Anti-
cancer Res. 17:3513–3520.

[34] Gonzalez MJ, Miranda-Massari JR, Mora EM, Guzman A, Rior-
dan NH, Riordan HD, Casciari JJ, Jackson JA, Roman-Franco 
A. (2005) Orthomolecular oncology review: ascorbic acid and 
cancer 25 years later. Integr Cancer Ther. 4:32–44. 


