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Novel fluorous and non-fluorous surfactants have been synthesized and examined for their potential as
microbicides compared with nonoxynol-9 (N-9) by testing their effects on Candida albicans (C. albicans)
and Escherichia coli (E. coli). These compounds include nonionic surfactants consisting of F5-
triethylene glycol (F5-TEG), F7-triethylene glycol (F7-TEG), Cb5-triethylene glycol (C5-TEG), C7-
triethylene glycol (C7-TEG), and anionic surfactants consisting of F5-propane sultone (F5-PS), and F7-
propane sultone (F7-PS). In this study, we investigated the possible effects of fluorous and non-
fluorous surfactants on the growth of C. albicans and E. coli cultured in vitro, which were treated
individually with different concentrations of these novel surfactants and nonoxynol-9 (N-9). Then, each
sample was incubated for 3, 6, 24 and 48 h at 35°C for C. albicans and 37°C for E. coli. After incubation,
C. albicans and E. coli colonies were evaluated compared with the control. N-9 and F5-PS had only
small effects (25% growth inhibition or lower) on C. albicans but F7-PS, F7-TEG, F5-TEG, and C5-TEG
notably inhibited C. albicans growth, and had potential to control their population. C. albicans cells
treated with 10% F7-TEG, F5-TEG, or C5-TEG showed no growth; especially, C5-TEG gave the maximum
growth inhibition of C. albicans. For E. coli, N-9 had no growth inhibition but F7-PS, F5-TEG, C5-TEG,
C7-TEG, and F7-TEG inhibited E. coli growth. Interestingly, F7-TEG showed the maximum inhibition for
E. coli starting at a concentration of 1%. Therefore, these surfactants might have potential for
prevention or treatment of genital and urinary tract infection from C. albicans and E. coli.

Key words: Candida albicans, Escherichia coli, nonoxynol-9, fluorous surfactants, non-fluorous surfactants.

INTRODUCTION

Since the 1950’s the nonionic surfactant, nonoxynol-9 (N-
9), has been widely used as a contraceptive agent (Savle
et al., 1999; Gandour, 2005). It immobilizes sperm in
seconds after penetrating into sperm membranes and
forming mixed micelles with their lipids and causes sperm

membrane damage (Schill and Wolff, 1981; Wilborn et
al., 1983; Doncel, 2006). While effective at killing sperm,
many recent studies report that N-9 also damages
epithelial cells and normal flora in vagina. N-9 disrupts
normal flora such as Lactobacillus and creates imbalance
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Table 1. The chemical structures of surfactants.
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in the vagina (Klebanoff, 1992; McGroarty et al., 1992;
Stafford et al., 1998; Patton et al., 1999; Gupta, 2005).
The imbalance in vagina can enhance the growth of
Candida and Escherichia coli, which often become
serious pathogens in the vagina and urinary tract. In
addition, with prolonged use N-9 can cause tiny
abrasions inside the sensitive vaginal and anal walls,
leading to increased risk of infections (Raymond et al.,
2004; Gandour, 2005).

E. coli, a Gram negative bacterium, is commonly found
in the lower intestine of warm-blooded animals. Virulent
strains of E. coli can cause vaginal and urinary tract
infections (McGroarty et al., 1994). Use of N-9 can
increase the risk of E. coli colonization in vagina and
increase rates of urinary tract infection by four times
(McGroarty et al., 1994; Watts et al., 1999). Candida is
yeast and the most common cause of opportunistic
infection of the female reproductive tract. It is among the
normal flora of skin, mouth, vagina, and intestinal tract.
There are many species of Candida that can cause
genital candidiasis or vulvovaginitis. The most important
causative agent is Candida albicans (Dupont, 1995). Use
of spermicides containing N-9 can increase the chance of
Candida adhesion to epithelia, with consequent increase
in the opportunity of genital tract infection (Gandour,
2005).

Due to adverse effects of N-9, novel fluorous and non-
fluorous surfactants have been synthesized and their

potentials as spermicides and microbicides are under
investigation. These novel surfactants are able to Kkill
human and mouse sperm, but show only little effect on
HelLa cells. Additionally, they might have potential to
control overgrowth of C. albicans and E. coli. The
structures of the compounds reported here are shown in
Table 1 along with their common names.

Here, we report the potential of new fluorous and non-
fluorous surfactants as microbicides for C. albicans and
E. coli.

MATERIALS AND METHODS
Microbes and culture media

Candida albicans received from St. Luke’s Hospital (Bethlehem,
PA) was cultured in Yeast Extract-Peptone-Dextrose (YPD) broth
and YPD agar (Becton, Dickinson and Company, MD) and
incubated at 35°C. E. coli (ATCC 25922) was cultured in Luria-
Bertani (LB) broth and agar (Becton, Dickinson and Company, MD)
and incubated at 37°C. All culture media were prepared as the
instructions from the manufacture.

Surfactants

Non-ionic nonoxynol-9 (N-9) was procured from Sigma-Aldrich Inc.,
MO. Other surfactants, F5-triethylene glycol (F5-TEG), F7-
triethylene glycol (F7-TEG), Cb5-triethylene glycol (C5-TEG), C5-
triethylene glycol (C5-TEG), F5-propane sultone (F5-PS), and F7-
propane sultone (F7-PS), were obtained from the Department of
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a) Undiluted

N-9 F7-PS

b) 1:3500
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C5-TEG

C5-TEG F7-TEG

Figure 1. Growth of C. albicans following 24 h of treatments with six surfactants. 100 pL volumes of YPD broth containing
various concentrations of surfactants were inoculated with 2x103-1x10* C. albicans, and incubated with rotation at 35°C
for 24 h. Then, 5 pL of each C. albicans suspension (undiluted or 1:3500 diluted samples) were dropped on YPD agar and
incubated at 35°C for 48 h. After incubation, C. albicans colonies were evaluated compared with control C1 (untreated
positive control) and C2 (negative control). a) C. albicans suspension was treated with different concentrations of N-9,
F7-PS, F5-TEG, F7-TEG, and C5-TEG from undiluted samples. b) C. albicans suspension was treated with different
concentrations of F5-PS, F7-PS, F5-TEG, C5-TEG, and F7-TEG from 1:3500 diluted samples.

Chemistry, Lehigh University, Bethlehem, PA. The chemical
structures of all surfactants are listed in the Table 1. The synthesis
and properties of these compounds have been previously reported
(Bean et al., 2011).

Microbicidal effects

Several concentrations of each surfactant were made in YPD broth:
0.1, 1, and 5% non-ionic N-9, 0.1, 1, 5, and 10% non-ionic C5-TEG,
non-ionic C7-TEG, non-ionic F5-TEG, and non-ionic F7-TEG, 1.5,
3.7, 7.4, and 8.8% anionic F5-PS, and 1.72, 7.2, 8.6 and 13.8%
anionic F7-PS. Positive control C1 (98 uL YPD broth and 2 pL C.
albicans suspension) and negative control C2 (100 uL YPD broth)
were prepared. Yeast cells were suspended in 0.85% NacCl solution
and cell densities were estimated by absorbance. Cell density was
adjusted with spectrophotometer by adding sufficient sterile saline
to increase the transmittance to that produced by a 0.5 McFarland
standard at 530 nm wavelength. This procedure yielded a yeast
stock suspension of 1-5x10° cells per mL. The stock suspension
was diluted by 1:50 in YPD broth medium containing each
surfactant, which results in 2x10* to 1x10° cells per mL. Tubes
containing these treated cultures were incubated with rotation at
35°C for 3, 6, 24, and 48 h. After incubation, 5 uL of each C.
albicans suspension were dropped on YPD agar. C. albicans
suspensions were undiluted and diluted to 1:1000 and 1:3500
before plating on YPD agar. Each C. albicans-plated YPD agar was
incubated at 35°C for 24 and 48 h. After incubation, C. albicans
colonies were evaluated compared with control. Results were

documented and shown in Figure 1.

For E. coli investigations, similar concentrations of each of the
above surfactants were made in LB broth positive control C1 (98 uL
LB broth and 2 pL E. coli suspension) and C3 (49 pL LB broth and
49 pL sterile distilled water) and negative control C2 (100 pL LB
broth) were prepared. E. coli was suspended in 0.85% NaCl
solution and adjusted with saline to give a turbidity equivalent to the
McFarland 0.5 standard (around 1x10® cells/mL). The stock
suspension was diluted by 1:50 in LB broth containing each
surfactant to give a final organism density of 2x10*-1x10° cells per
mL. Tubes were cultured with rotation at 37°C for 3, 6, 24 and 48 h.
After incubation, 5 pL of each E. coli suspension was dropped on
LB agar. E. coli suspensions were undiluted and diluted to 1:3500
before plating on LB agar. Each E. coli-plated LB agar was
incubated at 37°C for 24 and 48 h. After incubation, E. coli colonies
were evaluated and compared with control. Results were
documented and shown in Figure 1.

RESULTS

Effects of fluorous and non-fluorous surfactants on
C. albicans

The effects on growth of C. albicans treated with various
concentrations of six surfactants were determined. A
sampling of results is shown in Figure la for undiluted
samples and Figure 1b for dilution at 1:3500 at 24 h and
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Table 2. The growth of C. albicans following treatments with different concentrations of N-9, F5-PS, F7-PS, F5-TEG, F7-TEG and C5-TEG for 3, 6, 24, and 48 h.
Treatment 3h 6 h 24 h 48 h
duration Concentration Concentration Concentration Concentration
N-9 0.01% 0.1% 1% 5% 0.01% 0.1% 1% 5% 0.01% 0.1% 1% 5% 0.01% 0.1% 1% 5%
-Undiluted C C C C C C C C C C C C N/A N/A N/A N/A
- 1:1000 N/A N/A N/A N/A N/A N/A N/A N/A C S S S C S S S
- 1:3500 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
F5-PS 1.5% 3.7% 7.4% 8.8% 1.5% 3.7% 7.4% 8.8% 1.5% 3.7% 7.4% 8.8% 1.5% 3.7% 7.4% 8.8%
- Undiluted C C C C C C C C C C C C N/A N/A N/A N/A
- 1:1000 N/A N/A N/A N/A N/A N/A N/A N/A C S S S C S S S
- 1:3500 N/A N/A N/A N/A N/A N/A N/A N/A S S S S N/A N/A N/A N/A
F7-PS 1.72% 7.2% 8.6% 13.8% 1.72% 7.2% 8.6% 13.8% 1.72% 7.2% 8.6% 13.8% 1.72% 7.2% 8.6% 13.8%
- Undiluted C C C C C C C C C C C S C C C L
- 1:1000 N/A N/A N/A N/A N/A N/A N/A N/A C C C L C C C NG
- 1:3500 N/A N/A N/A N/A N/A N/A N/A N/A C C S NG C C S NG
F5-TEG 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10%
- Undiluted C C C S C C C M C C S NG C C S NG
- 1:3500 N/A N/A N/A N/A N/A N/A N/A N/A C S NG NG C M NG NG
F7-TEG 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10%
- Undiluted C S M M C S M L C S L NG C S L NG
- 1:1000 N/A N/A N/A N/A C M NG NG C L NG NG C L NG NG
- 1:3500 N/A N/A N/A N/A N/A N/A N/A N/A C L NG NG C L NG NG
C5-TEG 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10%
- Undiluted C C M NG C C L NG C C NG NG C C NG NG
- 1:3500 N/A N/A N/A N/A N/A N/A N/A N/A C S NG NG C S NG NG

C =result is similar to control; S = small effect (25% growth inhibition or lower); M = medium effect (25-75% growth inhibition); L= large effect (75% growth inhibition or higher); NG = no growth; N/A = no test.

a detailed summary for all treatments is presented
in Table 2. There was no effect of all
concentrations of N-9 on C. albicans of undiluted
samples at 3, 6, and 24 h (Figure la, 2a). At
dilution 1:1000, N-9 showed a little effect in 0.1, 1,
and 5% at 24 h and 48 h (Table 2). F5-PS did not
show growth-inhibition effect on C. albicans in
undiluted samples at any time periods as shown
in Figure 2b. However, Candida growth was
slightly inhibited at 3.7, 7.4, and 8.8% of F5-PS in
the sample dilution of 1:1000 (at 24 and 48 h) and

1:3500 at 24 h (Figure 1b and Table 2). F7-PS at
13.8% concentration showed small effect (25%
growth inhibition or lower) on C. albicans in
undiluted samples at 24 h (Figure 1a), but it had a
large effect (75% growth inhibition or higher) on C.
albicans at 48 h (Figure 2c). Moreover, 13.8% of
F7-PS showed large effect (75% growth inhibition
or higher) on C. albicans at 24 h, and no growth at
48 h for diluted samples of 1:1000 and we found
that it inhibited C. albicans growth effectively at 24
and 48 h for diluted samples of 1:3500 (Figure 1b

at 24 h and Table 2). At 10% concentration of F5-
TEG, the results of undiluted samples revealed
that there were small (25% growth inhibition or
lower) and medium (25-75% growth inhibition)
effects at 3 and 6 h, respectively and F5-TEG
killed all C. albicans following 24 (Figure 1a) and
48 h of treatment (Figure 2d and Table 2). At
sample dilution of 1:3500, 5 and 10% of F5-TEG
inhibited Candida growth significantly at 24
(Figure 1b) and 48 h (Table 2). The growth of C.
albicans cells treated with 1, 5 and 10% of F7-
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Figure 2. Growth of C. albicans treatments with various concentrations of six surfactants in undiluted samples at different
time points. a) N-9; b) F5-PS; ¢) F7-PS; d) F5-TEG,; e) F7-TEG; f) C5-TEG.

TEG was decreased in undiluted samples at 3 and 6 h
(Figure 2e and Table 2). At 24 and 48 h, C. albicans
growth was dramatically decreased at 5% and completely
inhibited at 10% (Figure la and 2e). For sample dilution
of 1:1000, 1% concentration of F7-TEG inhibited growth
of C. albicans cells, which were significantly killed in 5%

and 10% at 6, 24 and 48 h (Table 2). The similar results
were shown for sample dilution of 1:3500 at 24 (Figure
1b) and 48 h (Table 2). When C. albicans was treated
with C5-TEG, 5% of C5-TEG decreased cell growth in
undiluted samples at 3 and 6 h and showed no growth in
the concentration of 10% (Figure 2f and Table 2).
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Treatment 3h 6 h 24 h 48 h

Duration Concentration Concentration Concentration Concentration

N-9 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10%
-Undiluted C C C C C C C C C C C C C C C C
- 1:3500 N/A N/A N/A N/A N/A N/A N/A N/A C C C C C C C C
F7-PS 1.72% 7.2% 8.6% 1.72% 7.2% 8.6% 1.72% 7.2% 8.6% 1.72% 7.2% 8.6%
-Undiluted C S L C S L C S NG C S NG

- 1:3500 N/A N/A N/A N/A N/A N/A C L NG C L NG

C5-TEG 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10%
-Undiluted C C NG NG C C NG NG C C NG NG C C NG NG
- 1:3500 N/A N/A N/A N/A N/A N/A N/A N/A C C NG NG C C NG NG
C7-TEG 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10%
-Undiluted C C NG NG C C NG NG C C NG NG C C NG NG
- 1:3500 N/A N/A N/A N/A N/A N/A N/A N/A C C NG NG C C NG NG
F5-TEG 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10%
-Undiluted C C C NG C C L NG C C NG NG C C NG NG
- 1:3500 N/A N/A N/A N/A N/A N/A N/A N/A C C NG NG C C NG NG
F7-TEG 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10% 0.1% 1% 5% 10%
-Undiluted C M NG NG C NG NG NG C NG NG NG C NG NG NG
- 1:3500 N/A N/A N/A N/A N/A N/A N/A N/A C NG NG NG C NG NG NG

C =result is similar to control; S = small effect (25% growth inhibition or lower); M = medium effect (25-75% growth inhibition); L= large effect (75% growth inhibition or higher); NG = no growth;

N/A = no test.

Additionally, at 24 and 48 h, 5% and 10% of C5-
TEG completely inhibited C. albicans growth in
undiluted (Figure l1a, 2f and Table 2) and 1:3500
samples (Figure 1b and Table 2). Based on the
experimental results, N-9, F5-PS, and F7-PS
showed little growth inhibition (25% inhibition or
lower) ability at the same concentration. On the
other hand, F5-TEG, F7-TEG, and C5-TEG
revealed striking growth inhibition of C. albicans.

Effects of fluorous and non-fluorous

surfactants on E. coli

E. colicells were treated with various concentrations

of different surfactants. The results for all
surfactants are listed in Table 3, and examples of
plates are shown in Figure 3. There was no
growth inhibition effect of N-9 on E. coli at all
concentrations (Figure 3, 4a and Table 3). At
undiluted samples, E. coli treated with F7-PS
showed large effects (75% inhibition or higher) at
3 and 6 h, and no growth in concentration of 8.6%
at 24 and 48 h (Figure 3a, 4b and Table 3).
Similar results of 1:3000 diluted samples treated
with 8.6% of F7-PS were found (Figure 3b and
Table 3). In addition, we found that 5, 10%, or
higher concentration of C5-TEG and C7-TEG
inhibited E. coli growth effectively at 3, 6, 24 and

48 h (Figure 3, 4c, 4d and Table 3). 10% of F5-
TEG showed E. coli growth inhibition at 3, 6, 24,
and 48 h in undiluted treatments (Figure 3a, 4e
and Table 3). Moreover, at 24 and 48 h, 5% and
higher concentration of F5-TEG completely
inhibited E. coli in all samples (Figure 3, 4e and
Table3). In concentration of 1, 5 and 10% of F7-
TEG dramatically decreased E. coli growth at 6,
24 and 48 h (Figure 3, 4f and Table 3). All F7-
TEG treatments produced similar effects on E. coli
in undiluted (Figure 4f) and diluted (1:3500)
samples (Figure 3 and Table 3). Therefore, F7-
TEG was observed to be the most potent
surfactant for E. coli growth inhibition. Based on
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a) Undiluted
N-9 F7-PS

C5-TEG

b) 1:3500

F7-TEG

) 1%

Figure 3. Growth of E. coli was treated with various concentrations of six surfactants: N-9, F7-PS, C5-TEG, C7-TEG, F5-
TEG, and F7-TEG from undiluted (a) and 1:3500 diluted samples (b). 100 pL volumes of LB broth containing various
concentrations of surfactants were inoculated with 2x10° E. coli, and incubated with rotation at 37°C. Samples were
taken for evaluation of growth potential following 24 h of treatment. 5 pL of samples of treated suspensions were plated
directly (3a), or after 1:3500 dilution (3b) in LB broth. E. coli colonies were compared with untreated positive controls (C1
and C3) and negative controls (uninoculated medium) on each plate following 24 h of incubation.

the results, N-9 showed no effect on E. coli, but F7-PS,
F5-TEG, C5-TEG, C7-TEG, and F7-TEG showed
effective inhibition on E. coli growth. Interestingly, F7-
TEG showed the excellent inhibition growth of E. coli
starting at low concentration from 1%.

DISCUSSION

Based on the results, there was no effect of all
concentrations of N-9 on C. albicans and E. coli similar to
several reports. Uropathogenic bacteria including E. coli,
Proteus  mirabilis, Enterococcus  faecalis  and
Staphylococcus species have been found growing at
concentration of 25% or higher of N-9 (McGroarty et al.,
1994). Watts et al. (1999) studied the effects of N-9 on E.
coli and found that the number of women increased the
colonization of E. coli in vagina after using N-9 (Watts, et
al., 1999). Their results are consistent with many
previous researches both in vivo and in vitro studies (Fihn
et al., 1985; Foxman and Frerichs, 1985; Watts et al.,
1999). After N-9 insertion into vagina without using
diaphragm, E. coli colonization increase has been
reported in several studies (Rosenstein et al., 1998;
Watts, et al.,, 1999). These lead to increase rates of
bacteriuria or urinary tract infection (Percival-Smith et al.,
1983; Fihn et al., 1996). C. albicans, another organism
that causes vaginal infection, can survive at high
concentration of N-9 (McGroarty et al., 1994). Candida
colonization in vagina has been found after using N-9 and
also causes vaginal burning, vaginal itching, and vulvar

burning (Schreiber et al., 2006). Moreover, N-9 has been
found to increase the adhesion of Candida species to
human epithelial cell leading to increase in the risk of a
serious fungal infection (Gandour, 2005). Additionally,
many studies have determined that N-9 increases the risk
of infection and also causes vaginal inflammation and
ulceration which increase the risk of HIV-1 infection in
females (Kreiss et al., 1992; Fichorova et al., 2001; Van
Damme et al., 2002; Howett and Kuhl, 2005). Increased
rates of vaginal ulceration have been found in the use of
the vaginal contraceptive sponge, which has high
concentration of N-9 (Kreiss et al., 1992; Watts et al.,
1999). Vulvar itching, pain, burning and abnormal
discharge have been found after using N-9 (d'Oro et al.,
1994; McGroarty et al., 1994). It has been shown that N-9
kills the natural vaginal flora including Lactobacillus
causing disturbance of the normal acidic vaginal pH and
leading to vaginal infection and urinary tract infection
(Hooton et al., 1991; Klebanoff, 1992; McGroarty et al.,
1992; Stafford et al., 1998; Patton et al., 1999; Watts et
al.,, 1999; Handley et al., 2002; Brzezinski et al., 2004;
Gupta, 2005; Zhou et al., 2010; Ravel et al., 2011).

In this study, C. albicans and E. coli were treated with
different concentrations of N-9 and various new
surfactants at different periods of times. As mentioned
above, N-9 was ineffective on C. albicans and E. coli
growth inhibition. All surfactants except F5-PS showed
the effective effects on C. albicans growth inhibition. N-9
and F5-PS revealed the low level of inhibition on C.
albicans. In E. coli, all surfactants showed effects on
growth inhibition except N-9. Based upon the results,
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Figure 4. Growth of E. coli treatments with various concentrations of six surfactants in undiluted samples at different time
points. a) N-9, b) F7-PS; ¢) C5-TEG; d) C7-TEG; e) F5-TEG,; f) F7-TEG.

most of our novel surfactants have potential to inhibit
growth of E. coli and C. albicans. 0.1% N-9 kills human
sperm effectively (data not shown), but cannot inhibit
growth of both microorganisms. There is a research
showing that N-9 is toxic to HeLa cells and Lactobacillus
(Gupta, 2005). The five novel surfactants can kill sperm,

but show only little effect on HelLa cells (Bean et al.,
2011). From the experimental results, some novel
surfactants, F5-TEG (12%) and F7-TEG (10%), killed
sperm and controlled E. coli and C. albicans population,
but revealed very small effect on HelLa cells (Bean et al.,
2011). Therefore, they might be developed to be used as
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contraceptive agents that have an ability to protect E. coli
and C. albicans infections in vagina and urinary tract and
also gentle to epithelium cells. Another surfactant, C5-
TEG (12%) killed sperm and inhibited growth of E. coli
and C. albicans effectively. From its ability, it might be
used as spermicide and microbicide; however, it needs to
be tested on Hela cells. Based on effects on both
microorganisms, F5-TEG, F7-TEG, C5-TEG, and C7-
TEG were able to inhibit microbial growth better than N-9,
F5-PS, and F7-PS.

The structure differences between anionic surfactants
(F5-PS and F7-PS) and non-ionic surfactants (F5-TEG,
F7-TEG, C5-TEG, and C7-TEG) may be the major point
resulting in different effects on C. albicans and E. coli
growth inhibition. Non-ionic surfactants gave the better
results on growth inhibition for both microorganisms. The
dissociation in water may relate to the inhibiting activity of
the surfactants. It might involve the surface electrostatic
potential of membranes in which the hydrophobic portion
of these surfactants is inserted as a consequence of the
hydrophobic effect (Vieira and Carmona-Ribeiro, 2006;
Vieira et al., 2008). Non-ionic surfactants may insert into
cell membranes without charge relationship on the
membranes, but anionic surfactant insertion relates to
charges on the membranes. However, the mechanism of
both  anionic and non-ionic  surfactants on
microorganisms is still not clearly understood.

Non-fluorous TEG provided the excellent inhibiting
effects on C. albicans. On the other hand, fluorous TEG
showed the large effect (75% inhibition or higher) on E.
coli. Based upon the results, surfactant toxicity is not
depended on only the chemical structure of the
surfactants but also on the nature of cell membranes,
which are different in diverse species. The C. albicans
membrane has differences in chemical composition and
physical properties from the membrane of E. coli (Vieira
et al., 2008). Moreover, F7-TEG gave better inhibition
effects than F5-TEG for both microorganisms. These
show that the amount of fluorine in surfactants is
important for inhibiting growth activity. The effect of
fluorous surfactant on microbial growth is positively
correlated with the number of fluorine in surfactant
molecule. Nevertheless, in E. coli, the amount of
hydrocarbon in non-fluorous TEG surfactants shows no
difference in growth inhibition.

Conclusion

Our novel surfactants inhibit growth of C. albicans and E.
coli including sperm Kkiling. Based on experimental
results, these surfactants might be used as antifungal
and antibacterial agents. Moreover, they showed the
potential to be developed as contraceptive agents, which
might substitute the use of N-9. Therefore, non-ionic and
anionic fluorous surfactants may have practical values as
fungistatic/bacteriostatic or fungicidal/bactericidal agents
and might be useful as vaginal microbicides and

spermicides. However, the effects of these surfactants on
normal flora need to be determined and their
mechanisms on C. albicans and E. coli will be studied to
better understand. In the future, these compounds might
be useful for treating genital candidiasis and urinary tract
infection in patients.
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