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ABSTRACT

Sabouraud's dextrose (solid and liquid) medium has been used to examine the response of
Candida aibicans 1o Cobalt , Nickel , Silver , Copper and Lead in three doses per cach (10.25and
50) mg/l in different exposure periods . In the solid medium the number of colonies was not
effected by all metals ions . except Ag ions 25 and 50) mg/l which completely inhibited the
colonies numbers . In the liquid medium the effect of these metals on the growth was in the
following sequence Co . Ni. Ag, Cu and Pb respectively.

Most clements studied showed increase in the inhibition effect on the growth with
increasing the ions concentration in the medium , while the inhibition effect decrcased with the
increasing periods of exposurc.

INTRODUCTION

A number of fungal activities including respiration , mycelial growth , spare production and
germination are known to be inhibited by heavy metals pollutants (1).Yeasts are known to possess
the ability to accumulate metals from aqueous solution by physico-chemica! interaction like
adsorption and absorption or by metabelism (2,3.4). Serption processcs depend on the nature of the
metal ion and on disposable functional groups on the cell surface (5). The concentration ligand
charge and cavity size influence the selectivity of the metal uptake (6,7) . On the other hand . the
composition of the solution to which the microo'rganisms is exposed alfects the amount ql'lhc metal
taken up (8} . The substrate composition influences the cell wall steucture and the metabolic state of
the cell(9.10). There is only a few studies about the effect and removal of the heavy metal on the
pathogenic isolates of Candida afbicans., Thérc(hrc , the present study was designed to assess the
effective element and concentration of heavy metals on the growth of this microorganism in vitro .

and to determine the effect of exposure period on the growth .ate.
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MATERIALS AND METHODS

In this work Candida albicans isolated from case of women vaginal candidiasis (11) was
used . The species studied was identified following the schemes of (12,13). de loopfuls of isolated
colony to be tested from 1-2 day on Sabouraud's dextrosc agar old cultures were inoculated into
tubes containing Sml of sterilized distilled water . Then diluted by 1:100 with sterilized distilled
water , shacked vigorously .

Thc suspension was adjusted to i0° cell / ml . by using improved Neuhauer chamber (14),
Nine ml of Sabouraud's dextrose broth were dispensed into each tube . After autoclaving heavy
metals ions (cobalt as Co(NO3);.61:0 | nickel as Ni(NO3),.6H;0 | silver as AgNOQ;y , copper as
Cu(NQ3)2.3H,0 and lead as Fb(NO3), were added at three doses 10, 25 and 50 mg/l. under aseptic
condition . One ml of cclf suspension (10° cell / ml) was introduced into each tube , also one ml of
cell suspension was added to medium free from heavy metal (control). By L-shaped spreader . 0.02
ml of cell suspension (10% cell / ml) was spreaded on each Sabouraud's dextrose agar (15 ml/
Petridissh) incorporated with heavy metal fons: For each treatment triplicate tubes and plates were
used. ‘

Optical density ( O.D. ) at 590 nm was detected for all treatment after exposure periods
(1,2,3 and 4 days ) by using spectrophotometer (Milten Roy Spectronic 601 )‘. After 1,2.3 and 4
days of incubation number and diametets of colonies were compared , also mean rates of colonies
number and diameter were calculated.

Data were analyzed statistically by wsing the analysis of variance {ANOVA) and Revised

Least Significant Differences (RLSD) test 1o compare between the means.

RESULTS

The results of the statistical analysis (ANOV A test ) showed thal the effect of study metals
jons was significant (P< 0.81) on the growth of Candida alhicans compared with control treatment .

By RLSD test (RLSD = 0.03995) revealed no significant differences between the effect of
lead and copper on the growth rate . The effect of the study metals ions was in the following
SSqUENCE : ‘

Co.Ni, Ag, Cuand Pb respectively .

Fig. (1) : the effect of cobalt ions on the growth of C. albicans.

In broth medium the effect of cobalt ions was highest on the Ist day of the experiment ,
whereas the lowest effect was on the 4" day (excepf 50 mg/! treatment) . The effect of cobalt

ions was increased with the increase of cobalt concentration in the medium .
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in the solid medium the effect of cobalt ions on the colonies numbers on the 1* day at 10
mg/l was not effective but 25 ng/l treatment decreased the numbers , while no growth was revealed
in 50 mg/l treatment . On the other hand . there were no significant differences on the colonies
numbers in all treatments on the different periods used compared with control treatment Table(1).

Colonies diameter were significant decreased at 25 mg/l treatment . and lgast diameter was

recorded at 50 mg/ltreannent (1.25 mm) , Table (2)

Fig - (2) Effect of nickel ions on the growth of C.alhicans

The growth rate of C.albicans was significant decreased with the increase of ions
concentration in the broth medium , the highest effect was seen on the 1% day of exposure periods
comparable with the 4" day in diffcrent conceniration used.

AL 10 mg/l treatment the growth rate did not show any differences on the 1 or 2% day,
also on 3 or 4™ day . At 25 mg/l treatment cffect was found on the growth rate at 3 and 4" day .
On the other hand , no effect was found between 1 and 2™ day . [n 50 my/l treatment on significant
effect was scen at different exposure periods .

In the solid medium the colonies numbers were not effect at 10 and 25 mg/l treatments
whereas 50 mg/] treatment act to elongation the lag phase period. The effect of 10 mg/1 ions on the
colonies diameters was not significanty different in comparison with the control treatment . while
25 and 50 mg/l treatments were decreased significantly the diameters of colonies . (Table | and 2 ).

Fig, (3) the effect of silver fons on the growth of C. albicans

In the broth medium he highest effect was recorded in the 25 and 50 mg/l treatments . On
the other hand , 10 mg/! treatment did not show differcnces comparable with the control treatment
(eﬁcepl at 2" day ). and the growth rate significantly increased with the exposure period , while the

similar effect was scen in the 3%

and 4" day . At 25 and 50 mg/l treatments the growth rate was not
affected with the exposure periods
In the solid medium at 10 mg/! treatment the colonies number was not different but colonies

diameter was decreased compared with control treatment ,

while the colonies growth disappeared in 25 and 50 mg/l treatments . (Table 1 and 2 ),
Fig. () the effect of copper fons on the growth of C. albicans
Broth medium showed that copper ions increase the growth rate with the exposure

periods (except at the 4" day which did not differ from the 3™ day). The

growth rate at 10 and 25 mg/] treatments were decreased |, but the 50 mg/1 treatment incrased

the growth rate compared with the control treatment.
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In the soilid medium no clear effect on colonies numbers was seen. Whereas colony diameter
was increased at 10 mg/l and decreased at 25 and 50 mg/l treatments. (Table 1 and 2) .

Fig. (3) effect of lead ions on the growth of C. albicans

Ten mg/l treatment decreased the growth rate on 1% and 2™ days , also a similar effect was
seen on the 3% and a™ days Comparedl with the control . At 25 mg/] treatment the decreases in
growth oceurred only in the 2" day |, while at 50 mg/l treatment thé ’decreases in the growth rate
was occurred in 2™ and 3" day.

No clear effect was seen with lead ions on the colenies number in the solid medium .buta

clear effect (decrease) was seen in cotonies diameter in different treatments . (Table 1 and 2)
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Fig. (1): Effect of cobalt ions on the growth rate of C.albicans in liquid medium.
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Fig. {2): Effect of Nickel ions on the growth rate of C.a/bicans in liquid medium,
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Fig. (3): Effect of Silver ions on the growth rate of C.alhicans in liquid medium.
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Fig. (4): Effect of Copper ions on the growth rate of C.albicans in liquid medium.
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Fig. (5): Effect of Lead ions on the growth rate of C.albicans in liquid medium.
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Tons . Exposure periods (days)
Treatments | Concentrations ‘ |
1 2 3 4
(mg/1)
Control 0 > 200 >200 > 200 >200
10 > 200 =200 > 200 >200
25 100 - 150 =200 > 200 >200
Co
No :
50 =200 > 200 >200
growth y
10 >200 | >200 | >200 | >200
Ni 25 > 200 >200 > 200 >200
50 2-5 >200 >200 >200
10 >200 - >200 >200 >200
No No No
25 No growth
Ag growth growth growth
No . No No
50- No growth
‘ growth growth growth
_ 10 > 200 >200 > 200 >200
Cu 25 > 200 >200 > 200 >200
50 > 200 =200 > 200 >200
10 > 200 >200 > 200 >200
pb 25 100-150 | >200 > 200 >200
50 . >200 >200 > 200 »200

Table (1) : Effect of heavy metals ions on the colonies numbers of Candida albicans on

solid medium
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Tons Exposure periods {days)
Treatments | Concentrations
1 2 3 4
(mg/)
Control 0 05-2 0.75-4 | 0.75-55[0.75-06.5
10 05-1.5 | 05-45 | 0.5-55 0.5-6.5
25 0.1-125702-225] 02-35 | 0.2-45
Co ]
No .
50 ‘ 0.1-1 0.1-1 |01-1.25
growth
10 0.5-2 0.5-3.5 0.5-4 0.5-4.5
Ni 25 0.1-05 | 0.1-1.75| 0.1-2 | 0.2-25
50 0.1-05 01-06 | 0.1-08 0.1-1
10 0.t-075] 05-25 ] 05-35 | 05-45
Ne No No
25 No growth
Ag growth growth | growth
No No No
50 No growth
growth ‘ growth growth
10" 05-2 | 0.7-35 | 0.7-6 | 0.7-75
Cu 25 05-2 | 05-35 1-4 1-4.75
50 0.5-2 0.5-37 05-4 05-57
10 05-2 | 05-3 | 05-32 | 05-35
pb 25 05-15 | 05-37 | 05-4 05-4
50 0.5-1.7 05-3 0.5-32 | 0.5=-35

Table (2) : Effect of heavy metals i;ms on the colonies diameters {mm) of Candida

albicans on solid medium
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DISCUSSION

The effect of heavy metals jons on the organisms was varied according to the metals type ,
concentration and exposured periods {15) . In the present study we found that cobalt ions was the
toxic ions on the growth rate of C.afbicans in liquid medium , this is in line with finding of (16)
who found that cobalt ions were most toxic for‘basidiomycetes ,also {17) found the same result in
other 21 species of basidiomycetes . The toxicity of these ions may be due to the ability of these
strains to take up most ions from the culture medium . Norris (9) reported two step process for
saccharomyces cerevisine accumulating cobalt , the first step was a rapid binding to negatively
charged groups on the cell surface , following by metabolism dependent uptake .

Nickel ions had the nearest effect to that cobalt ions on the growth rate in liquid medium ,
this may be due to the similar mechanism in wh.ich the strain take up these ions . Our result was in
contrast with finding of (18) *ho found that mycelial dry weight of Myrethecium verrucarig and
Phoma humicola was not affected by any dose {10, 50 and 100 mg/l) of nickel ions , but the growth
of Fusarium solani was significant inhibited by the high dose {100 mg/l) only and was not affected
by the other doses { 10 and 50 mg/l) . these varied in results perhaps related to the type species
which used in the present study. The effect of copper ions in our results increases the groth rate
with the exposure periods except on the 4" day . Qur results show a disagreement with the results
obtained by (19} , they found that the toxicity was Cu> Co > Zn . And in contrast with the results
of (20) who found out that copper was the most toxic metal to dueobasidium pulutlans .

El — Sharouny , ef a! {18) showed that Asper;gilius were not affected by any dose (10, 50
and 100 mg/l) of copper sulphate . This element make colony colouration {brown colony ) in our
opinion this may lead to decrease the effect of copper lons due to the change in the composition
from effective form to another form useful for the growth . This resuit was in agreement with
finding of (21) who found that the ability of more tolerant isolates to change the colour of agar
containing CuCly.2H,C from green 1o ‘

brown and suggestes that a change in the state of the copper ion complex , possibly involves
a change in oxidation state and solubility . Copper tolerated isolates of Saccharomyces cerevisiae
deposite copper as the sulphate at the cell peripﬁery or within the eytoplasm , and the production of
cysleiné - sulpher and thiol compounds as chelating agents has been proposed as a mechanism to
reduce the availability and toxicity of the metal . In other fungi , resistance to-copper depends on
deposition of copper oxalate with the cytoplasm.’

The lead ions had a less effect compared with other elements . Our result was in'agreement

with (18) they found that Phoma humicola was not affected at any dose (10, 50
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and 100 mg/1) of lead nitrate . Also they found that Aspergillus niger was not inhibited by

1000 mg/l pb*™? . Al — Rikabi (1) showed that pb** at concentration of 0.15 ppm significantly
increased the vegetative growth of Achiya récemosa while depreesing effect was found at higher
concentration . It is apparént that the phenomenon of microbial resistance to toxicity of heavy
metals ions allows no simpie explanation . This is undoubtedly due to the multiplicity of
interactions that can occur betwecn‘ microbial cells , heavy metal jons and other environmental
_constituents (18).

Cobalt ions affected significantly the colonies numbers and diameters at 25 and 50 mg/l .
Nicke! ions revealed the same result but the effect on colonies numbers restricted at 50 mg/l . Also
the same effect on colonies diameters by silver ions was recorded . ‘

No clear effect on colonies numbers occurred by (fopper and lead ions while a clear effect on
diameter was seen especially in higher concentration of ions (at 25 and 50 mg/l ) . Al - Rikabi (1)
showed that Pb™ at low concentration sigoificant increased the vegetative growth -of Acklva
}accmusa ,whereas depressing cffect was found at higher concentration .

Generally, in our study we found that the inhibition effect on the growth was decreased with
the increase of the exposure periods in most concentration this may be due to the ability‘of

C.albivans to adaptation by several mechanisms.

CONCLUSION AND RECOMMENDATION

1. This study showed that Ag , Co and Ni icns were more effective as heavy metals elements
than others (Cu and Pb) in liquid medium.

2. Most elements used revealed increases in the inhibition effect on the growth rate of the studied
microorganism with increased ion concentration in the medium .

3. The inhibition effect decreased with the increase of periods of exposure to the elements in
general |, ‘

4. We recommend for further study to investigate ;he activity of these effective metals {Ag ,Co

and Ni) and ion concentration ir the treatment of infection caused by Candida albicans in the

future .
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