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Abstract. Lactobacilli and uropathogenic bacteria isolated from the female urogenital tract were 
tested for their susceptibility to nonoxynol-9. Nonoxynol-9 is a spermicidal compound, generally 
used at a concentration of 5% in cream and 12.5% in foam. The growth of 67% of fresh, vaginal 
lactobacillus isolates was inhibited by concentrations of nonoxynol-9 between 0.1% and 1.0%; 
these were termed sensitive. Of a total of 47 lactobacilli from various sources, 55% were found 
to be sensitive to nonoxynol-9, being bacteriostatic for 42% of these isolates and bactericidal 
for the remaining 58% at N-9 concentrations I> 1.0%. The remaining lactobacilli and 96% (48/50) 
of uropathogenic organisms had minimal inhibitory concentrations of ~-25% for nonoxynol-9. 
Inhibition of the lactobacilli did not appear to be species specific nor related to the source of the 
lactobacilli. The adhesion of Gram-positive bacteria, namely lactobacilli and enterococci, to 
HeLa cells in tissue culture was significantly increased over 60 rain in the presence of physiologi- 
cally used concentrations of nonoxynol-9; however, adhesion of Escherichia coli was not af- 
fected. We believe that nonoxynol-9 has the potential to increase susceptibility to urinary tract 
infection in women using spermicidal preparations for contraception by inhibiting the growth of 
lactobacilli, which are believed to have a protective function in the vagina, and allowing over- 
growth of uropathogenic bacteria. 

The role of the normal microbial flora of the vagina 
in the maintenance of a healthy state is presently not 
completely understood. However, Lactobacillus 
species are believed to play a part in protection 
against colonization by pathogenic microorganisms. 
Women with a history of urinary tract infection have 
a urogenital flora dominated by pathogens [12], 
whereas lactobacilli predominate in healthy women 
[4, 17]. The ecological balance of the vagina can be 
upset in a number of ways, including the prolonged 
use of antibiotics [1 I] and pregnancy. 

Diaphragm use has been implicated as a predis- 
posing factor in recurrent urinary tract infection 
[6-8]. A number of studies have found that women 
using this form of contraception are between 1.5 [16] 
and 4.1 [5] times more likely to develop a urinary 
tract infection. It has been suggested that the in- 
creased pressure of the diaphragm on the female 
urethra may be in part responsible for this [7]. How- 
ever, the diaphragm is generally used in conjunction 
with a spermicidal cream or foam, and these prepara- 
tions have been found to have a bactericidal effect on 

gonococci [1], Treponemapallidum [14], Chlamydia 
trachomatis [3], and a weak effect on Lactobacillus 
acidophilus [15], as well as a virucidal effect against 
Herpes simplex I and II and HIV [10]. 

Nonoxynol-9 (N-9) is a membrane-active deter- 
gent and the active ingredient of many spermicidal 
creams and foams. It is incorporated in these prepa- 
rations at 5% and 12.5% (wt/wt) respectively. It 
immobilizes sperm by disrupting the cell membrane 
and acts similarly on bacteria and viruses. This study 
has examined the effect, in vitro, of N-9 over a range 
of concentrations on the growth and adhesion of 
tactobaciili and uropathogenic bacteria to human ep- 
ithelial cells. 

Materials and Methods 

Bacteria. Vaginal swabs were obtained from 44 premenopausal 
women with and without vaginitis, who used a variety of birth 
control methods. Smears from the swabs were Gram stained, 
examined for the presence of lactobacilli, and plated onto lactoba- 
cilli MRS agar (MRS) and bra in-hear t  infusion agar supplemented 
with 2% yeast extract (BYE agar). The plates were incubated at 
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Table 1. Min imum inhibitory concent ra t ion  of N-9 for 
lactobacilli 

Min imum inhibitory 
concentra t ion 

N u m b e r  of  
Lactobacillus species  strains < 1.0% >25.0% 

Lactobacillus spp?'  18 12 (67%) 6 (33%) 
L. acidophilus 12 8 (67%) 4 (33%) 
L. plantarum 2 1 (50%) 1 (50%) 
L. casei ss rhamnosus 8 1 (13%) 7 (88%) 
L. casei ss alactosus 1 0 (0%) I (100%) 
L. jensenii 3 3 (100%) 0 (0%) 
L. fermentum 2 1 (50%) 1 (50%) 
L. brevis 1 0 (0%) 1 (100%) 

a Fresh  vaginal isolates,  not speciated.  

37°C for 18 h in 5% CO 2. Organ i sms  recovered from the plates 
were identified as lactobacilli with the API rapid CH kit and stored 
at - 70°C in MRS broth plus 20% (wt/vol) glycerol. Freeze-dried 
lactobacil lus isolates f rom the laboratory collection originally iso- 
lated from chicken,  dairy, and h u m a n  sources  were also cul tured 
on MRS agar  and  broth.  Uropathogenic  bacteria previously iso- 
lated f rom the urine of  w o m e n  with urinary tract infections were 
cul tured on B Y E  medium.  

Determination of minimum inhibitory concentration (M.I.C.) of 
nonoxynol-9. Doubling dilutions of  N-9 (Ortho Pharm. ,  Canada)  
were made  in MRS (pH 6.5) and BYE broth (pH 7.4) ranging from 
0.1% to 25% (wt/vol). The  pH of  the N-9-supplemented  medium 
was adjus ted to the same level as unsupp lemen ted  medium where 
necessary .  Lactobaci l lus  isolates were subcul tured three t imes 
prior to test ing in the N-9 broths,  and uropathogenic  bacteria 
were s imply incubated  overnight .  The cul tures  were washed  three 
t imes in phospha te -buf fe red  saline, pH 7.1 (PBS), and resus-  
pended to a concent ra t ion  of  10 v cells ml i. Aliquots  ofS0 pA were 
added to test  tubes  in triplicate containing 3 ml of  either medium 
alone (control) or  m e d i u m  plus N-9, mixed thoroughly ,  and incu- 
bated for 18 h at 37°C. The  tubes  were scored for growth,  and the 
M.I .C.  was recorded as the  lowest  concent ra t ion  demons t ra t ing  
no growth.  Aliquots  of  50/~1 were t ransferred from N-9/MRS 
tubes  showing no growth to 3 ml of  fresh MRS, incubated for 18 
h at 37°C, and examined  for turbidity.  

Preparation of HeLa cells. H e L a  cells (ATCC CCL2)  were cul- 
tured in monolayers  on glass covers l ips  in multiwell  t issue culture 
t rays in Eagle ' s  m i n i m u m  essent ia l  med ium containing glutamine 
(Gibco), supp lemen ted  with 2.2 g L 1 NaHCO3 ' 10% fetal bovine 
se rum,  100 units  penicillin ml 1, and 100 mg s t reptomycin  m1-1. 
Confluent  mono laye r s  fo rmed  after 3 - 4  days  of  incubation at 37°C 
in an a tmosphere  of  10% CO2. 

Adhesion assay. The adhes ion  of  strains of  lactobacilli, enter- 
ococci,  and E. coli to H e L a  cells was performed according to the 
me thod  of  Samaranayake  and MacFar lane  [13]. Washed  HeLa-  
cell monolayers  were incubated with the bacteria,  which were 
cul tured as previous ly  descr ibed,  washed  three t imes in PBS, and 
r e suspended  to a concent ra t ion  o f  I08 cells m l - t  in Dulbecco ' s  
PBS,  pH 7.1 (0.1 g CaC12 anhd . ,  0.2 g KC1, 0.2 g KH2PO 4, 0.1 g 
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Table 2. Lactobaci l lus  sensi t ivi ty to N-9: relat ionship to 
source of  organisms 

Source of N u m b e r  of  
lactobacilli isolates Sensit ive" Res is tant  b 

Vagina c 18 12 (67%) 6 (33%) 
Urogenital  tract J 25 12 (48%) 13 (52%) 
Dairy 1 0 (0%) 1 (100%) 
Chicken 3 2 (67%) I (33%) 

Total 47 26 (55%) 21 (45%) 

N-9 MIC < 1%. 
h N-9 MIC /> 25%. 
c Fresh  clinical isolates. 
J Stored laboratory strains.  

Table 3. Min imum inhibitory concent ra t ion  of N-9 for 
uropathogenic  bacteria 

N u m b e r  of  
Microorganism strains tested N-9 M.I .C.  

Escherichia coli 13 >25% 
Pseudornonas aeruginosa 4 3.0%; 25% 
Providencia stuartii 1 25% 
Citrobacter freundii 1 25% 
Klebsiella pneumoniae 4 25% 
Proteus mirabilis 5 >25% 
Enterococcus faecalis 20 25% 
Staphylococcus saprophyticus 1 >25% 
Staphylococcus spp. 1 >25% 

Coo'nebacterium spp." 1 1.6 

" Commensa l  organism.  

MgCI 2 • 6H20, 8.0 g NaCI, 2.16 g Na2HPO 4 . 7H20,  in IL distilled 
H20). N-9 was incorporated in the adhes ion  a s says  at a final 
concentra t ion  of 0, 5.0%, or 12.5% (wt/vol),  and the t issue culture 
trays were incubated at 37°C in an orbital shaker  at 60 rpm for 60 
min. The monolayers  were then washed  in Dulbecco ' s  PBS, fixed 
in 10% formal saline, and Gram stained. The number  of  bacteria 
adherent  to 50 H e L a  cells was counted  by light microscopy,  and 
each condit ion was as sayed  in triplicate. The viability of  bacteria 
after 60 min of  incubat ion in ei ther PBS or N-9 was de termined 
by plating serial dilutions of  the bacter ia  onto appropriate  media.  

Statistics. The two-tailed, unpaired t-test was used to detect  sig- 
nificant differences be tween control  and N-9-influenced bacterial 
adhesion to H e L a  cells. The chi -squared  test  was used to compare  
the proport ions of  N-9 sensi t ive and res is tant  s trains of  each 
Lactobacillus spp.,  to de termine  whe the r  this property was spe- 
cies specific. 

Resu l t s  

Nonoxynol-9 minimum inhibitory concentrations. 
N-9 M.I.C.s for a total of 47 lactobacilli from various 
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Table 4. Influence of 5 and 12.5% N-9 on adhesion of bacter ia  to H e L a  cells in vitro 

Bacteria  Control  5% N-9 A . I J  12.5% N-9 A.I.  

L. casei GR-I 0.15 _+ 0.06 b 1.27 -+ 0.19 8.7 *C 0.71 _+ 0.15 4.9* 

L. fermentum B-54 0.09 -+ 0.02 N . D /  0.27 -+ 0.06 2.9* 
L. acidophilus T-13 0.86 -+ 0.07 0.55 -+ 0.06 0.6* 0.43 -+ 0.06 0.5* 
Lactobacillus spp. 1 0.03 -+ 0.02 0.32 -+ 0.08 11.9" 0.21 _+ 0.07 7.9* 

Lactobacillus spp. 2 0.02 -+ 0.01 N.D. 0.42 _+ 0.08 21.0 '  

Lactobacillus spp. 4 0.02 -+ 0.02 0.22 -+ 0.06 11.0" 0.09 -+ 0.04 4.5 
Ent. faecalis 1030 1.67 _+ 0.33 6.79 -+ 0.64 4.1" 7.62 _+ 0.88 4.6* 

Ent. faecalis 1470 0.57 -+ 0.14 1.81 -+ 0.33 3.2* 1.61 -+ 0.17 2.8* 
E. coli 12269 1.75 -+ 0.36 N.D. 1.25 -+ 0.16 0.7 

E. coli 12313 1.35 _+ 0.30 1.68 -+ 0.38 1.2 1.18 -+ 0.18 0.8 

a Adhes ion index, adhesion in the presence of N-9 relat ive to control  (N-9 adhesion 

h Mean no. adherent  bacter ia  per HeLa  cell -+ S.E.M.,  n = 150. 

P < 0.005 versus  control  by student  t-test. 
J Not determined.  

va lue /cont ro l  adhesion).  

sources are shown in Table I; 55% (26/47) of the 
strains were inhibited by 0.1% to 1.0% N-9, and 45% 
(21/47) were able to grow in the presence of 25% 
N-9, the maximum concentration tested. Of the 26 
strains that showed suppression of growth in con- 
centrations of N-9 > 1.0%, 15 were rendered nonvia- 
ble in concentrations of N-9 1> 1.0%. The growth of 
the remaining 11 strains was simply suppressed in 
the presence of N-9. There was no correlation be- 
tween particular species (Table 1) or the source of 
the bacteria and N-9 susceptibility of the lactobacilli 
(Table 2). The majority of a range of uropathogenic 
bacteria had MICs of ~>25% N-9 (Table 3). 

Adhesion of lactobaciili and uropathogenic bacteria 
in the presence of nonoxynol-9. In general, N-9 was 
found to significantly increase the adhesion of Gram- 
positive bacteria to HeLa cells over 60 min of incu- 
bation, with the exception of L. acidophilus T-13, 
which had a baseline adhesion much higher than 
any of the other lactobacilli tested. The increased 
adhesion was not dose related. Adhesion of Esche- 
richia coli was not significantly affected, although 
there was a trend towards slightly decreased adhe- 
sion. The results obtained from physiologically used 
concentrations, 5 and 12.5%, are shown in Table 4. 
Bacterial viability was not significantly affected in 
the presence of N-9 over 60 min of incubation. 

D i s c u s s i o n  

This study has concentrated on the effect of N-9 
on lactobacilli and potential uropathogenic bacteria. 
Fresh vaginal isolates ofLactobacillus spp. could be 
split into two groups according to their N-9 M.I.C.s; 

67% (12/18) had M.I.C.s for N-9 between 0.1 and 
1.0%; the remainder grew in 25%, twice the maxi- 
mum concentration used for contraceptive pur- 
poses. Organisms with an M.I.C. between 0.1% and 
1.0% were termed sensitive, those with M.I.C.s 
/>25% were termed resistant. Of the sensitive lacto- 
bacilli, N-9 exerted a bactericidal effect on 58% of 
the organisms and bacteriostasis with the remaining 
lactobacilli. 

The M.I.C.s for both lactobacilli and uropatho- 
genic microorganisms were determined in media that 
ensured optimal growth of the organism, rather than 
attempting to mimic conditions within the vagina. 
Gram-negative uropathogens are unable to grow un- 
der the conditions of low pH found in the normal, 
healthy vagina. During episodes of urinary tract in- 
fection, colonization of the vagina with these organ- 
isms increases, along with a rise in vaginal pH. The 
pH of the vagina has been found to rise from the 
normal levels of around pH 4.0, to pH values > 5.5 
[8]. It seems likely that there will be some variation 
in pH levels within the vagina during the onset of 
infection, where the pathogenic organisms create 
microniches of higher pH. 

Lactobacilli from chicken and clinical sources 
included both N-9-sensitive and -resistant organ- 
isms. There was no apparent correlation between 
the source of the organism and susceptibility to N-9. 
The ability to grow in the presence of high concentra- 
tions of N-9 is not unique to lactobacilli from the 
urogenital tract, and does not require prior exposure 
to N-9. 

The continued presence of N-9 in the vagina 
would be expected to exert a selective pressure on 
the microbial flora, suppressing or killing sensitive 
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lactobacilli and resulting in a vaginal flora dominated 
by either pathogenic organisms or N-9-resistant lac- 
tobacilli. Studies have shown that total number of 
lactobacilli decreases, and there is increased coloni- 
zation of the urogenital tract by coliform bacteria in 
women using diaphragms plus spermicide [6, 8]. This 
suggests that the normal urogenital flora may be 
dominated by N-9-sensitive lactobacilli. Gram-posi- 
tive and -negative uropathogens were not inhibited 
by the presence of high concentrations of N-9 in 
growth medium, with the exception of two out of 
four strains of Pseudomonas aeruginosa. A single 
isolate of Corynebacterium species, which is a com- 
mensal of the urogenital tract, was found to be sensi- 
tive to N-9, further evidence of the displacement of 
normal flora organisms. 

The ability of Enterobacteriaceae to grow in 
high concentrations of detergent has been previously 
reported [9]. Kramer and Nickerson showed that 
Enterobacter cloacae could grow in the presence of 
10% sodium dodecyl sulfate. 

There is evidence that toxic shock syndrome is 
related to the prolonged retention of a diaphragm 
used in conjunction with spermicide [2]. The Staphy- 
lococcus species investigated in this study were re- 
sistant to N-9, confirming that spermicide could po- 
tentially contribute to initiation of this disease by 
fostering overgrowth of this organism. 

The adhesion of lactobacilli to HeLa cells in 
tissue culture was found to be of a very low level in 
comparison with uropathogenic bacteria. Adhesion 
was influenced by the presence of N-9 in the assay 
system. The relative adhesion of the Gram-positive 
bacteria tested (lactobacilli and enterococci), with 
one exception, was significantly increased by be- 
tween 2.8 and 21 times. The increased adhesion was 
not dose related. Adhesion of the Gram-negative 
organisms, namely E. coli, was not affected by the 
presence of up to 12.5% N-9. If the increases ob- 
served were simply owing to a general increase in 
hydrophobicity of the HeLa cells or the bacteria, 
the adhesion of all organisms including E. coli would 
be expected to increase. It may be that the Gram- 
positive cell wall accumulates N-9 more efficiently 
than the Gram-negative envelope, accounting for the 
difference in adhesion. The assay was limited to a 
60-min incubation and a neutral pH, to prevent loss 
of viability of HeLa cells, and may not accurately 
reflect the situation in vivo, where the vaginal pH is 
around 4.5 and the epithelium is in contact with 
spermicide for 6 h and longer. In addition many of 
the lactobacilli tested in the adhesion assay were 
shown to be extremely sensitive to N-9 and would 

not be expected to survive in the vagina. However, 
the increases in adhesion of N-9-resistant uropatho- 
genic organisms suggest a potential mechanism for 
increasing the incidence of urinary tract infection in 
women using spermicide for contraception. 

In conclusion, the vaginal lactobacillus popula- 
tion contains both sensitive and resistant individu- 
als. N-9 has the potential to alter the microbial flora 
of the vagina by killing or suppressing the growth of 
the protective lactobacilli and allowing overgrowth, 
as well as possibly increased adhesion of potential 
uropathogens. 
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