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ABSTRACT

Infection is a powerful mechanism that can leadsperm damage, deformity and eventually,
male infertility. Genital tract infection and inflamation have been associated to 8-35% of male
infertility cases. E. coli causes agglutination lefiman spermatozoa and thus, leading to
infertility. This study evaluated if the negativeéluence of Escherichia coli on the motility of
human spermatozoa is a consequence of E. coli amthessome soluble factor from E. coli are
involved. Highly motile preparation of spermatozéram normozoospermic patients were
obtained by ‘swim up’ procedure. Study was caroetlin three parts. Motility parameters were
analysed by light microscopy and Nomarski diffaegninterference contrast microscopy
directly, and 30 min, 2, 4, 6 h and overnight aftesculation. In a second series of experiments,
bacterial replication was inhibited by addition &ife antibiotics amoxicillin, ciprofloxacin,
erythromycin, gentamicin and penicillin G. The effef E. coli culture filtrates on sperm
motility was investigated. In a third series, Eligrowth was suppressed by heating at high
temperature (10D C) for 30 min. E. coli decreased the sperm migtiind viability by
agglutination immediately after inoculation and eeff increases as the time of incubation
increases. Instead of this, both the culture nmdin which E. coli growth was inhibited
(antibiotic and heating), was not able to cause ahgnge in motility and viability. Further,
completion of incubation at 6 h the percentage ofilenspermatozoa left is 11% that is very low
as compared to control. This shows that E. colyrha carrying some adhesion sites through
which it binds to human spermatozoa and causesutiggtion.
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INTRODUCTION

Infection is a powerful mechanism that can leadperm damage, deformity and eventually,
male infertility. Genital tract infection and infranation have been associated to 8-35% of male
infertility cases [1, 2]E. coliis the most important pathogen causing prostatitisegmdidymitis
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[3-5], but is also found in semen samples of in&ernen [6] without leukospermia and clinical
signs of infection [6, 7].

Among the most common microorganisms involved irxuadly transmitted infections,
interfering with male fertility, there are tl@hlamydia trachomatisind Neisseria gonorrhoeae
[8]. Sperm motility may also be inhibited by direct et of the bacteria on spermatozoa, for
example bacterial adhesion [9] or cytotoxins [18], more indirectly, by noxious effects of the
induced inflammatory process, for example polymomltlear leukocytes [11], macrophages
and their toxic secretory products [12]. It has rbdeund thatU. urealyticumcan attach
massively to sperms, especially at the mid-pidwes producing marked hydrodynamic drag on
infested sperm [13]. Colony @andidaalbicanscan cause sperm clumping. 50% of the sperm
in the specimen undergo clumping, thereby greatucing the effective sperm motile count
[14]. Mycoplasma genitaliunwas demonstrated to adhere to all parts of thensgezoa.
Numerous M. genitalium cells bound to the spermatozoa were shown to capsgm
agglutination. Inhibition of sperm motility has albeen documented for other human and animal
Mycoplasmag¢8, 15].

The aim of this work was to study the effecttf coli on sperm motility and viability. We
conducted some series of experiments in order terdée whether decrease in motility was
associated with adhesion & coli to sperm or some soluble factors causes the abaide
changes.

MATERIALS AND METHODS

Sperm preparation and incubation

Semen samples were retrieved from 30 healthy dowits a normal sperm count (>20%10
spermatozoa/ml; 16). The semen samples were kepbat temperature, in darkness and for no
longer than 3 h before use. The spermatozoa wetiiepuby a "swim-up' procedure. Only
ejaculates with normal sperm concentration and dodwmotility were used for further
investigation. Spermatozoa were washed in HAM'® Fagdium and centrifuged at 400 g for 10
min. After removing the washing solution, the pettentaining the cells was overlayed with 1
ml Ham's F-10 medium prewarmed to’@7and incubated for 30 min at %7. After incubation,
the liquid phase was isolated and stored in alst@al. This 'swim-up technique' was performed
in all experiments to achieve a purified sperm saspn of high motility and to prevent
potential antimicrobial activity of seminal plasiii&] in further investigations. This suspension
was diluted to a sperm concentration of 20 millohivith culture medium to standardize the
experiment and to establish exact sperm/bactetiasraAfter dividing the suspension into five
fractions, four were inoculated with a suspensidnEo coli in Ham's F-10, and one was
inoculated with sterile medium as control.

Microorganism

E. coliused in the present study was prepared from l&trgraultures that have been isolated as
described by Prablet. al.,2009 [18]. The culture d&. coliwas initially isolated from a clinical
source (semen samples from patients with unexmaiméertility visiting Department of
Obstetrics and Gynecology, General Hospital, SebéoiChandigarh).

Experimental Design

Three experiments were performed. Experiment ikiation was performed in Luria broth (Hi-
Media Laboratories, India) medium. When motilitysmmeasured, bacterial concentration was
also determined in the Cellometer™ counting chaimioeevaluate the bacterial growth in each
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sample. Experiment 2. To prevent bacterial growfflectively five antibiotics were used in
present study Amoxicillin, Ciprofloxacin, Erythrorin, Gentamicin and Penicillin G (Sigma
Chemical Co., USA). Stock solutions (1mg/ml) of Raantibiotic were prepared
in sterile distilled water as recommended by thenufecturer. MBC (Minimal bactericidal
concentration) for each antibiotic was obtainedhgsihe standard protocol [19]. MBC was
defined as a 99.99% reduction of cell viability wirespect to that of initial inoculums. In time—
kill studies, the MBC is the minimal amount of dmditic that results in 299.9% decrease in the
initial inoculums within 24 h in a standard tedDther conditions of incubation remained the
same as in the first experiment. A total of 15 Erexperiments were undertaken. Filtrate& of
coli cultures were obtained by filtering & coli suspension grown in Luria broth for 48 h at
37°C, through a Millipore filter (0.22 um). This wasrk to establish whether a soluble factor
from E. coli might influence sperm motility. Experiment 3: Thigas performed same as
experiment 2 except the growth Bf coli was stopped by heating at £@D for 30 min. After
completion of incubation the absence of viabilitgsmconfirmed by plating on nutrient agar
plates. A highly concentrated suspensioiio€oli served as a positive control, pure Luria broth
as a negative control. Filtrates Bf coli cultures were mixed 1: | with sperm suspensions.
Besides these investigations on motility, morphmalgchanges in spermatozoa inducedBay
coli were also examined. Morphological studies were rtaken using light microscopy and
Nomarski differential interference contrast micrsy.

Light microscopy and Nomarski differential interference contrast microscopy (NM):

The sperm andE. coli were mixed 1:1 (v/v), and examined by light mio@sy using x 10
objectives immediately, 30 min, 2, 4, 6 h and aftezrnight incubation at room temperature. For
studies using NM, the sperri- coli suspension was incubated at 37°C and studied &ft@n,

30 min, 1 h, 2 h, 6 h and overnight incubation. e&ch time point, an aliquot of 3 pl was
mounted on slides, and after a few minutes thensgguck to the glass coverslips. A total of 3 x
100 spermatozoa were counted and the number ahspih E. coli attached was determined.

Assessment of sperm viability by Eosin-Nigrosine:

The viability of agglutinated spermatozoa at eaicheipoint was determined using eosin-

nigrosine. Briefly, two drops of 1.0% eosin wereled and mixed well. After 30 sec three drops
of 10% nigrosine were added and mixed. The mixtae smeared and allowed to air dry on a
clean glass slide. The slide was observed undightamicroscope at X100 to differentiate the

unstained live cells from the pink stained deadmsp#ozoa. At least 20 fields were read for each
time interval and average values were noted.

RESULTS
Experiment 1:
Immediately after density gradient centrifugatitve sperm preparations had a sperm motility of
73.4% (n= 30) (Graph 1) and with only 10.3% deasls@tozoa.

Purified spermatozoa were incubated viidthcoli, and sperm motility was studied using ordinary
light microscopy. The spermatozoa started to climpediately after mixing.

After 5 min of incubation, small sperm agglutinasocould be detected and, with time, the
agglutinations increased in size. Repeating themxgnts showed that the sizes and number of
the agglutinates varied with 10-fold dilutions Bf coli and sperm obtained from different
donors.
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After 1 h of incubation, for example, sperm moyilihas fallen to 57.1% and this was
significantly different from the control incubatioRurther completion of incubation at 6 h the
percentage of motile spermatozoa left is 11% thakry low in comparison to control. Over the
6 h incubation period, these characteristics didaiter significantly in control population.

Agglutination was determined for both the sampl€aph 2). In experimental group, the
agglutination of bacteria was observed while inecaiscontrol no agglutination was observed (
5%).

At each time point, an aliquot of 3 ul was mountedslides, and after a few minutes the sperm
stuck to the glass cover slips. A total of 3 x ¥p@rmatozoa were counted and the percentage of
agglutination of sperm was determined.

Graph 1: Percentage of motility of spermatozoa wheimcubated with live E. coli and control
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Graph 2: Percentage agglutination of spermatozoa wdn incubated with liveE. coli and control
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Experiment 2: MBC for these five antibiotics i.e. Amoxicillin, ifrofloxacin, Erythromycin,
Gentamicin and Penicillin G are shown in table hede antimicrobial agents were used to
inhibit the growth of E. coli and positive control was not treated with anyilaotic. High
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agglutination was observed in control.
about the same change.

In expentak group, killed bacteria failed to bring

Table 1: MBC of antimicrobial agents

Antimicrobial | MBC(ug/ml)
Amoxycillin 15
Ciprofloxacin 33
Erythromycin 10
Gentamicin 4
Penicillin G 10

Experiment 3. The bacterial growth was stopped by heating & 4Id culture for 30 min.
Both of the culture (experiment 2 & 3) showed novgh on nutrient agar plates. Positive
control was incubated at 3Z. The heat treatef. colidid not showed any changes in the sperm
regarding to motility and viability. This shows th@erence in motility is may be due E coli
and not the soluble factor.

DISCUSSION

The present study demonstrated that human sperititynand viability was affected big. coli.

E. coliisolated from the semen of infertile male produpeafound depression in the motility of
human spermatozoa by agglutinatianvitro. Schirren & Zander (1966) [20] in past reported a
negative influence oE. coli on sperm motility after mixing sperm and bactenavitro. This
negative influence was confirmed by several autfeits?3, 10]. Teaguet al.(1971) [21] were
the first to claim high numbers of bacteria as a#iue for this effect. After addition of
antibiotics to the incubation medium, all bacter&ffects on sperm motility disappeared.
Bacterial growth may be one cause of contradictooyclusions concerning the effective
sperm/bacteria ratio. The absence of sperm agghidimwas also observed after heat treatment
of bacteria. In one of the earlier reports on dffet heat killed bacteria on spermatozoa
characteristics [24] had studied that the live pgémic S. aureus obtained from cervical
cultures decreases in motility and viability of hamspermatozoa which was absent in the sets in
which the bacteria had been killed by boiling f@ @in before mixing the ejaculate. Another
study by Hosseinzadeht. al., (2010) [25] reported that elementary bodies Ghlamydia
trachomatisSerovar E can induce premature sperm death upamcabation with human sperm
but this effect is abolished when these EBs haea Ipeeviously killed by heat treatment.

Alternatively, effect of antimicrobial agents oncberia was also observed. Treatment of cultured
bacteria with different groups of antibiotics albkd the effect. This indicates that there must be
some adhesion sites on spermatozoa to whiaoli binds.

The mechanisms by whick. coli affect sperm functions have not yet been identified
Interference ofE. coli with these receptors may influence the motility andbility. Other
authors reported similar observations concerningrrsp motility and agglutination after
incubation withE. coli [23; 16].

Thus, we suggest thkt coli/spermatozoa-interaction may be a two-stepgssci.e. adhesion to
and subsequent destruction of the sperm membrams. miechanism may account for any
inhibitory effects ofE. coli infection on male fertility. It is speculative whet the same
mechanisms are also responsible for impaired neal#itly in cases of genitourinary infections.
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