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Abstract: Twenty five isolates of vaginal Candida albicans were tested for Postantifungal effects (PAFE) of natural 
(latex sap) and synthetic antifungal agents (nystatin, amphotericin B, fluconazole, ketoconazole and 5- 
fluorocytosine). The natural latex sap antifungals exhibited the highest postantifungal effect (PAFE). A little or none 
postantifungal effect (PAFE was determined for fluconazole. A marginal PAFE postantifungal effect (PAFE) was 
observed for ketoconazole. The mean duration of PAFE of latex sap 1, latex sap 2, nystatin, amphotericin B, 5- 
fluorocytosine, ketoconazole and fluconazole were 3.5 h, 3.6 3, 3.2 h, 3.0 h, 2.8 h, 0.4 h and o.15 h respectively. The 
mean percentage reduction in adhesion of oral Candida albicans to vaginal epithelial cells during PAFE were 80%, 
79%, 77%, 76%, 76%, 14% and 12% on exposure to latex sap 1, latex sap 2, nystatin, amphotericin B, 5-
fluorocytosine, ketoconazole and fluconazole respectively. 
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1. Introduction 

Infections caused by Candida albicans are 
reported among the most common fungal infections 
affecting humans. Their incidence has greatly increased 
with widespread use of broad-spectrum antibiotics, 
antitumors and immunosuppressive drugs (Budtz, 1990 
and Lyons and White, 2000). Candida albicans is the 
most common fungal pathogen isolated from the 
vaginal infection. It may be considered a 
vaginonophilic microorganism (Wahlin, 1991 and Odd, 
1994). Vaginal candidosis is one of the most frequent 
diseases caused by Candida albicans (Cannon et al., 
1995). Although some authors claim that candidal 
colonization is usually associated with vaginal 
infections (Korting and Schaller 2001and Akpan and 
Morgan 2002). 

The effect of antibiotics on bacterial growth has 
been extensively studied including the study of post 
antibiotic effect (PAE) that refers to suppression of 
bacterial growth persisted following limited exposure 
of bacteria to antimicrobial agents and subsequent 
removal of the antibiotic (Bernard et al., 1994). There 
is a little data on postantifungal effect (PAFE) of 
antifungals on vaginal Candida albicans (Egusa et al., 
2000). 

Adhesion is considered to be an important first 
step in colonization and in subsequent symptomatic 
and asymptomatic infection of vaginal mucosa (Barga 
et al., 1995). Adhesion of the pathogenic Candida 
albicans to epithelial cells has been inhibited by 
glycosidases (Darwazeh et al., 1997 and Granger et al., 
2005). 

The aim of the present work is to achieve 
maximum antifungal activity while simultaneously 
minimizing patient exposure to the drug to reduce the 
emergence of resistance through study role of PAFE of 
natural antifungal drug (latex sap) and synthetic 
antifungal drugs in therapy of vaginal infections 
through inhibition of Candida albicans adherence to 
BECs. 
2. Materials and Methods 
Yeast isolation 

Twenty-five samples were collected from a 
typical case of vaginitis through 6 months. Candida 
albicans isolated on Sabouraud glucose agar (Difco, 
USA) for 24 h at 37oC and were subculture weekly. 
Morphological and biochemical characterization 

All strains were subjected to morphological and 
biochemical tests for Candida albicans identification 
using API 20 C system (Brawner and Cutler, 1986). 
Antifungal agents 

Latex sap 1 (natural antifungal) was tapped from 
stem of articulated laticifers of Lactuca sativus 
(Compositae) and latex sap 2 were tapped from non-
articulated laticifers of Asclepias curassavica 
(Asclepiadaceae) in Pharmacognosy Department, 
Faculty of Pharmacy, Zagazig University. Latex saps 
were stored at – 28 oC. After thawing, this latex was 
diluted in distilled water (1:17) containing sodium 
azide (Giordani and Noat, 1988). Five synthetic 
antifungal agents including nystatin, amphotericin B, 
fluconazole, ketoconazole and 5- fluorocytosine were 
used. Nystatin and amphotericin B (Sigma, USA) were 
dissolved in dimethylsulphoxide (DMSO) and absolute 



 Journal of American Science 2014;10(10)           http://www.jofamericanscience.org 

 

253 

ethanol (3:2 ratio). 5- fluorocytosine (Sigma) was 
dissolved in sterile distilled water. Ketoconazole 
(Janssen, Beerse, Belgium) was dissolved in DMSO. 
Fluconazole (Pfizer, Groton, CT, USA) was dissolved 
in absolute methanol. The five synthetic antifungals 
were prepared initially as 10000 µg /ml solution and 
stored at – 20 oC before use. 
Determination of minimum inhibitory 
concentration (MIC) 

As PAFE is estimated by exposure of the 
organisms to varying MIC of antimicrobial agents for 
short periods, the MIC was evaluated by methods of 
Craig and Gudmundsson (1996) using broth dilution 
technique with an initial inoculum of 1- 5 x 105 
CFU/ml. MIC was defined as the lowest concentration 
of the drug inhibited the growth of yeast cells. 
Determination of postantifungal effect (PAFE) 

The method used for determination of 
postantifungal effect of bacteria was applied with 
minor modifications to evaluate PAFE of yeast (Craig 
and Gudmundsson, 1996). Yeast cells maintained on to 
Sabouraud's agar were inoculated on fresh plates and 
incubated overnight for 24 h at 37 oC. The organisms 
were harvested and a cell suspension was prepared in 
phosphate buffer saline (PBS) at 520 nm to an optical 
density 1.5. From this cell suspension, 0.5 ml was 
added to tubes containing 2 ml broth (control) and 2 ml 
broth/ drug solution (test) in which the drug 
concentrations varied from 4- 8 times the MIC. The 
drug concentrations used were sub-cidal concentrations 
of nystatin (6 MIC), amphotericin B (8 MIC), 
fluconazole (4 MIC), ketoconazole (4 MIC) and 5- 
fluorocytosine(8 MIC). This gave a cell suspension 106 
-107 cells/ml in each assay tube. The tubes were 
incubated at 37 oC for 1 h in a rotary incubator. 
Following this limited exposure the drugs were 
removed by two cycles of centrifugation for 10 min at 
3000 g. Afterwards the supernatant was completely 
decanted and the pellets were re-suspended in 2.5 ml 
PBS at pH 7. 

To study PAFE, aliquots of 1 ml from each cell 
suspension was added to 2 ml Sabouraud's broth and 
incubated at 37 oC for 18 h. Growth of yeast cells and 
the change in turbidity was measured 
spectrophotometerically (absorbance 595 nm) at 30 
min intervals for 18 h. The duration of PAFE was 
calculated using the formula of Lowdin et al., (1993) 
PAFE = T – C, where T was the time required for 
relative optical density of drug- exposed cell 
suspension to reach the 0.05 absorbance level after 
removal of the drug and C was the drug free control 
cell suspension to reach the same absorbance level. 
Thus T – C expressed the time in which the antifungal 
agent capable of causing growth suppression of the 
organism following limited exposure to the drug 
(PAFE). 

Adhesion assay 
Epithelial cells 

The urine samples were obtained in the morning 
from healthy women then centrifuged at 350 rpm for 
10 min to harvest the epithelial cells. The sediment was 
washed twice in phosphate buffered saline (PBS) pH 
7.2 and the number of cells were estimated microscopy 
with a counting chamber, then standerdized to 10 5 
cell/ml in PBS buffer. 
Adhesion assay 

A mixture of equal volumes of epithelial cells (10 
5 cell/ml) and Candida albicans (10 8 cell/ml) was 
incubated in plastic tubes on a rotator at 37 ºC for 2 h. 
The epithelial-yeast mixture was passed through 
polycarbonate filters (12 µm pore size) to remove non 
adhering yeast. Adhesion was evaluated 
spectrophotometer by measuring the optical density of 
epithelial cells with adherent yeasts according to 
according to Jones and Fowler (1994). 
3. Results 
Minimum inhibitory concentration (MIC) 

The MICs of latex sap 1, latex sap 2, nystatin, 
amphotericin B, fluconazole, ketoconazole and 5- 
fluorocytosine against the all tested Candida albicans 
isolates were given in Table 1. 
Postantifungal effect (PAFE) 

PAFE of different antifungal agents on Candida 
albicans isolates after exposure for 1 h to 4- 8 times 
MIC were shown in Table 2 and Figure 1. Significant 
PAFE were induced in all Candida albicans isolates by 
natural antifungals (latex sap 1 and latex sap 2) and 
synthetic antifungals (nystatin, amphotericin B and 5- 
fluorocytosine). However, little or non PAFE was 
observed for ketoconazole and fluconazole. Natural 
antifungals (latex sap 1 and latex sap 2) exhibited 
higher PAFE than synthetic antifungals. Figure 2 
showed growth suppression of C1 following removal 
of latex sap 1, latex sap 2, nystatin, amphotericin B and 
5- fluorocytosine comparable to the unexposed 
controls. In contrast, there was immediately normal 
growth after ketoconazole and fluconazole removal. 
Similar results were obtained for the other tested 
Candida albicans isolates. 
Effect of natural and synthetic antifungals on 
adhesion of Candida albicans to epithelial cells 

Table 3 revealed that Candida albicans isolates 
when grown on medium containing natural antifungals 
latex sap exhibited higher percentage reduction of 
adhesion to epithelial cells than when grown on 
medium containing synthetic antifungals comparable to 
the untreated control. The mean percentage reduction 
of fungal adhesion during PAFE were 80%, 79%, 77%, 
76%, 76%, 14% and 12% on exposure to latex sap 1, 
latex sap 2, nystatin, amphotericin B, 5- fluorocytosine, 
ketoconazole and fluconazole respectively. 
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Table 1. Minimum inhibitory concentration (MIC) 

 
Isolate 

MIC (µg/ml) 
Latex sap 1 Latex sap 2 Nystatin Amphotericin B Fluorocytosine Ketoconazole Flucona zole 

C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 

0.11 
0.12 
0.10 
0.14 
0.20 
0.21 
0.23 
0.23 
0.14 
0.13 
0.1 1 
0.21 
0.21 
0.22 
0.14 
0.13 
0.24 
0.22 
0.22 
0.21 
0.13 
0.11 
0.11 
0.21 
0.20 

0.12 
0.22 
0.13 
0.24 
0.23 
0.12 
0.32 
0.21 
0.11 
0.22 
0.13 
0.24 
0.33 
0.22 
0.11 
0.21 
0.22 
0.13 
0.23 
0.32 
0.13 
0.11 
0.22 
0.23 
0.31 

2.61 
2.51 
1.25 
1.25 
1.25 
2.51 
2.51 
1.25 
1.25 
1.25 
2.51 
2.50 
1.25 
1.25 
1.25 
2.50 
2.51 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
2.52 
2.51 

0.34 
0.30 
0.33 
0.15 
0.15 
0.15 
0.31 
0.32 
0.31 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.33 
0.33 
0.31 
0.15 
0.15 
0.15 
0.31 
0.32 
0.31 
0.15 

0.15 
0.15 
0.15 
0.31 
0.32 
0.33 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.32 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.31 
0.15 
0.15 
0.15 
0.15 
0.15 

12.52 
12.51 
12.52 
12.50 
6.25 
6.25 
12.51 
12.52 
12.53 
12.52 
252 
6.25 
6.25 
12.51 
12.52 
12.53 
12.52 
6.25 
6.25 
12.51 
12.52 
12.53 
12.51 
12.53 
12.53 

25 
25 
25 
50 
12.5 
12.5 
50 
25 
25 
25 
50 
12.5 
12.5 
50 
25 
25 
25 
12.5 
12.5 
50 
25 
25 
25 
25 
25 

 
Table 2. Postantifungal effect (PAFE) 

 
Isolate 

PAFE (hours) 
Latex sap 1 Latex sap 2 Nystatin Amphotericin B Fluorocytosine ketoconazole Fluconazole 

C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
Mean 

5.23 
3.43 
3.52 
4.21 
3.31 
3.82 
3.63 
3.52 
3.71 
3.41 
3.52 
4.23 
3.32 
3.81 
3.62 
3.40 
5.22 
3.41 
3.52 
4.23 
3.34 
3.82 
3.61 
4.22 
4.31 
3.8 

4.23 
3.31 
3.82 
3.61 
4.23 
3.32 
3.71 
3.43 
3.51 
4.21 
3.31 
3.83 
3.62 
3.41 
5.23 
3.41 
3.53 
3.24 
3.40 
3.53 
3.22 
3.30 
2.80 
3.61 
3.53 
3.5 

4.50 
3.31 
3.81 
2.62 
2.43 
3.71 
3.42 
3.53 
4.22 
3.32 
3.53 
3.53 
4.24 
3.32 
3.84 
2.63 
4.22 
3.33 
3.32 
3.81 
3.51 
4.21 
3.31 
3.23 
2.64 
3.3 

3.22 
2.51 
2.51 
3.22 
3.32 
2.81 
2.61 
3.52 
4.22 
3.31 
2.81 
2.61 
3.22 
3.33 
2.53 
2.54 
2.53 
2.52 
2.53 
3.44 
3.53 
4.23 
3.34 
2.82 
3.21 
3.0 

2.81 
2.62 
3.51 
4.22 
3.31 
3.22 
2.51 
2.52 
3.22 
2.31 
3.51 
3.22 
3.31 
2.81 
3.21 
2.82 
2.61 
3.21 
2.32 
2.02 
2.51 
2.52 
2.01 
2.51 
2.42 
2.8 

0.32 
0.42 
0.51 
0.51 
0.61 
0.42 
0.33 
0.63 
0.43 
0.42 
0.32 
0.61 
0.41 
0.31 
0.41 
0.51 
0.52 
0.62 
0.42 
0.31 
0.42 
0.52 
0.61 
0.41 
0.31 
0.4 

0.11 
0.14 
0.10 
0.12 
0.21 
0.20 
0.20 
0.21 
0.12 
0.13 
0.12 
0.21 
0.21 
0.22 
0.13 
0.14 
0.11 
0.14 
0.10 
0.12 
0.14 
0.10 
0.12 
0.11 
0.10 
0.15 
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Figure 1. Postantifungal effects of different antifungal agents 

 

 
Figure 2. Growth curves of Candida albicans (C1) after limited exposure to different antifungal agents 
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Table 3 Percentage reduction of Candida albicans adhesion to epithelial cells with natural and synthetic antifungals 
 
 
Isolate 

Percentage reduction of adhesion 
(%) 
Latex sap 1 Latex sap 2 Nystatin Amphotericin B Fluorocytosine ketocona zole Flucona zole 

C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
 
Mean 

85 
83 
80 
75 
81 
77 
78 
85 
80 
75 
81 
77 
78 
85 
79 
84 
80 
75 
81 
77 
78 
85 
79 
84 
77 
 
80 

81 
77 
78 
79 
80 
75 
81 
77 
78 
75 
81 
77 
78 
79 
80 
75 
81 
77 
78 
77 
78 
79 
80 
75 
78 
 
79 

80 
78 
77 
78 
75 
80 
78 
77 
78 
75 
70 
73 
76 
80 
78 
77 
78 
75 
80 
78 
77 
78 
75 
70 
73 
 
77 

78 
77 
78 
75 
80 
78 
77 
78 
75 
70 
77 
78 
75 
70 
75 
80 
78 
77 
78 
75 
70 
77 
78 
75 
70 
 
76 

75 
80 
78 
77 
78 
75 
70 
77 
78 
75 
70 
75 
80 
78 
78 
77 
78 
75 
70 
73 
77 
78 
75 
70 
73 
 
76 

20 
20 
18 
16 
15 
10 
12 
15 
10 
16 
15 
10 
12 
15 
10 
12 
15 
10 
16 
15 
10 
12 
15 
10 
11 
 
14 

10 
12 
15 
10 
12 
15 
10 
10 
10 
11 
12 
10 
10 
13 
14 
10 
10 
11 
12 
10 
10 
13 
14 
10 
10 
 
12 

 
4. Discussion 

Candida albicans is considered the most 
common yeast isolated from vagina of either healthy 
or medically compromised women (Akpan and 
Morgan, 2002). Their presence does not usually result 
in disease unless there are predisposing factors such as 
diabetes (Lamey et al., 1988 and Peterson, 1992), 
malegnancy (Jobbins et al., 1992), cytotoxic therapy 
(Heimdahl et al., 1990) or human immunodeficiency 
virus infection (Beighton et al., 1990, Blair et al., 
1995). Other risk factors of oral candidiasis include 
extremities of age, pregnancy (Noverr and Huffnagle, 
2004). 

Effective synthetic antifungal agents such as 
nystatin, amphotericin B, fluconazole, ketoconazole 
and 5- fluorocytosine and natural antifungals latex sap 
obtained from articulated laticifers of Lactuca sativus 
and non-articulated laticifers of Asclepias curassavica 
are currently available for treatment of vaginal-
candidiasis (Menon et al., 2001). The efficacy of 
treatment is dependent on many factors including the 
diluent effect of vaginal wash that tend to reduce the 
availability of the drug below the effective therapeutic 
concentration (Bader et al., 2001). In general, the goal 
with respect to treatment with antifungal agents is to 
maintain the drug concentration above the MIC for 
almost the entire dosing period (Willis et al., 2001). 

In our study the MIC values of latex sap, 
nystatin, amphotericin B and 5- fluorocytosine were 
much lower than that of ketoconazole and fluconazole. 
Similar results have been reported by Tacconelli et al., 
(2002). The results revealed that limited exposure to 
latex sap, nystatin, amphotricin B and 5- 
fluorocytosine elicited high PAFE in tested Candida 
albicans strains. Similar results for amphotericin B 
and 5- fluorocytosine were reported by Anil et al., 
(2001). 

Cell wall degradation reflecting a fungal cell 
wall disorganization seems to be the result of 
hydrolysis of glycosidic linkages by specific 
glycosidases (Spadari et al., 1998). A major focus of 
interest in these studies has been the identification of 
the fungal cell wall components involved in 
attachment process. Continuous series of studies 
found that chitin which is a macromolecule present in 
the cell walls of almost all fungi was involved in the 
adhesion of the fungus to mammalian tissues 
(Wightman et al,. 2004). Milan et al. (2001) found 
that differing growth conditions altered the cell 
surface of Candida albicans resulting in modified 
adhesion ability of the fungus. It can be thus assumed 
that the fungal cell wall components are involved in 
the adhesion of Candida albicans. The adhesion 
results indicated that limited exposure of Candida 
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albicans strains to latex sap, nystatin, amphotericin B 
and 5- fluorocytosine significantly reduced their 
ability to adhere when compared to with that of 
fluconazole and ketoconazole. Adhesion of the 
pathogenic fungus Candida albicans to epithelial cells 
has been the subject of a number of studies (Barga et 
al., 1996 and Sundstrom et al., 2002). 

The PAFE and reduced adhesion may be related 
to the mechanism of action of these antifungal agents. 
Latex sap act specifically on fungal cell walls by 
activating glycosidase activity exhibited highest PAFE 
and reduction in adhesion of Candida albicans to 
epithelial cells. The polyenes alter the permeability of 
the fungal cytoplasmic membrane by binding to 
ergosterol and fungistrol (Willis et al., 2001). The 
DNA- analogue, 5- fluorocytosine, is transported to 
fungal cell and converted to 5-fluorouracil which is 
incorporated into DNA in place of uracil resulting in 
inhibition of protein and DNA synthesis (Wu et al., 
1996 and Oh et al., 2005). The azoles cause alteration 
in fungal cell membranes by blocking 14-
demethylation step in ergosterol biosynthesis and this 
mode of action is reversible (Munez et al., 2001) 
explaining much lower PAFE of azoles than those of 
polyenes and 5- fluorocytosine in our results. The 
minimum growth suppression of the azoles is due to 
resistant of Candida albicans strains to these drugs as 
implied by high MIC values. 

On conclusion, it is possible to achieve 
maximum antifungal activity while simultaneously 
minimizing patient exposure to the drug to reduce the 
emergence of resistance. Our results showed that the 
concept of PAFE should not be considered only in 
terms of fungal growth but also as impacting on 
microbial virulence factors such as adhesion and 
glycosidase production. latex sap (natural antifungal) 
can be used in therapy of Candida albicans vaginal 
infections because of the highest PAFE and through 
the increase of glycosidase activity that degrade fungal 
cell wall causing inhibition of Candida albicans 
adhesion. 
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