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Trichomonas vaginalis infection is recognized as an important 
cause of infertility in men as well as women [1,2]. Many clini-
cal studies have demonstrated decreased sperm motility and 
viability in men infected with T. vaginalis [3-7]. We previously 
demonstrated that T. vaginalis excretory-secretory products 
(ESP), which are composed of extracellular polymeric sub-
stances, reduced sperm motility, viability, and functional integ-
rity, thus leading to a decreased fertilization rate in vitro [8]. 
The present study examined the impact of the ESP on the 
apoptosis of mouse spermatozoa.

Mouse sperm were obtained from 8- to 10-week-old 12 
male ICR mice (Samtako Biokorea, Osan, Korea) and pre-
pared as previously described [8]. Animal care followed insti-
tutional guidelines, and the Hanyang University IACUC ap-
proved all procedures, including animal experiments (HY-IA-
CUC-090043). ESP were prepared as previously described [8]. 
Briefly, ESP were collected after incubating T. vaginalis (T016 
isolate), which was kindly provided by Prof. John F. Alderete 
(Department of Microbiology, University of Texas Health Sci-

ence Center at San Antonio, Texas, USA) for 1 h in 1 ml of 
Hank’s balanced salt solution (HBSS, pH 7.2) (Gibco, New 
York, New York, USA).

To investigate the effect of ESP on apoptosis of spermatozoa 
in vitro, sperm was prepared as follows. After exposure of the 
peritoneal cavity, the cauda epididymis was removed and 
washed immediately in prewarmed 1ml of collection medium 
(Whitten’s HEPES-buffered medium), and transferred to a 200 
µl drop of human tubal fluid (HTF) medium (Quinn’s Advan-
tage Fertilization, In-vitro Fertilization Inc, Trumbull, Con-
necticut, USA) containing 10% fetal bovine serum in a 35 mm 
culture dish equilibrated overnight under embryo-tested min-
eral oil in 5% CO2 humidified atmosphere at 37˚C. Sperm 
were gently squeezed out of the epididymis using a 26-gauge 
needle, and the residual caudal tissue was discarded. The 
sperms were allowed to disperse for 15 min and large aggrega-
tions of immotile sperm in the culture drops were removed 
under a dissecting microscope. Aliquots of the sperm suspen-
sion (1.5×108 per ml) were incubated in the presence or ab-
sence of ESP for 3 h in a 37˚C CO2 incubator and labelled with 
a fluorescence probe to detect apoptotic changes. The fluores-
cence signals of labelled sperm were evaluated by flow cytom-
etry (FACSCalibur; BD Bioscience, San Jose, California, USA). 
A minimum of 20,000 events were measured for each sample 
at a flow rate of 200 to 300 events sec-1 using CellQuest pro 
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ESP on sperm apoptosis and architecture in vitro.
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software (BD Bioscience).
Since the release of phosphatidylserine (PS) from the plas-

ma membrane is a hallmark of apoptosis [9], structural chang-
es of the plasma membrane of spermatozoa were analyzed 
with an Annexin V-FITC apoptosis detection kit (BD Biosci-
ence). The proportion of spermatozoa with PS externalization 
was markedly increased in the ESP-exposed group (ESP) com-
pared to the control (CT) (MFI; CT, 79.6 vs. ESP, 220.6) (Fig. 

1A). It has been reported that many factors including infection 
and toxins can alter the intermembrane permeability of mito-
chondria, triggering the intrinsic mitochondrial pathway of 
apoptosis [10]. To assess the integrity of the mitochondrial 
membrane potential (MMP), the green fluorescence (FL-1 
channel) of sperm stained with fluorescein isothiocyanate 
(FITC)-conjugated 3,3´-dihexyloxacarbocyanine iodide 
(DiOC6; Molecular Probes, Eugene, Oregon, USA) was evalu-
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Fig. 1. Effect of T. vaginalis ESP on apoptosis of 
mouse sperm. Mouse sperms were treated with 
ESP for 3 h, and then used for the following assays. 
(A) Annexin V-PI staining, CT (upper panel); ESP 
(lower panel). (B) Determination of mitochondrial 
membrane potentials using FITC-conjugated 
DiOC6. CT (upper panel); ESP (lower panel). (C) 
DNA fragmentation by TUNEL assays. Solid and 
dotted lines indicate CT and ESP, respectively. Data 
are representative of 3 independent experiments. 
(CT, control; ESP, T. vaginalis excretory-secretory 
products-treated group)
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Fig. 2. Effect of T. vaginalis ESP on ul-
trastructure of mouse sperm. Scanning 
electron micrographs of sperm (A) incu-
bated in the absence of ESP (CT, left 
panel) or in the presence of ESP (ESP, 
right panel). Arrows indicate intact acro-
some and arrowheads indicate injured 
head or neck. Transmission electron 
micrographs of sperm incubated (B) in 
culture medium (CT, left panel) or ESP 
(right panel). Arrows indicate acrosome 
and arrowheads depict acrosome exo-
cytosis and head destruction. Data are 
representative of 3 biological replicates. 
(CT, control; ESP, T. vaginalis ESP-
treated group)
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ated. ESS increased the proportion of spermatozoa with low 
MMP compared to the control (CT, 9.1% vs. ESP, 17.5%) (Fig. 
1B). As loss of sperm motility is closely correlated with de-
creased MMP integrity [11], low MMP induced by ESP can ex-
plain how ESP decreases sperm motility. On the other hand, 
integrity of sperm DNA has been associated with male fertility 
in vivo and in vitro [12]. Damage to DNA, such as by frag-
mentation and denaturation, can cause infertility [13]. We 
therefore evaluated sperm DNA integrity using Terminal de-
oxynucleotidyl transferase-mediated dUTP Nick End Labelling 
(TUNEL) assays (Roche Diagnostics, Mannheim, Germany). 
Fig. 1C showed that ESP increased DNA fragmentation (MFI; 
CT, 28.4 vs. ESP, 65.12).

To further evaluate the effects of ESP on sperm, we exam-
ined their external and internal architecture after 3 h incuba-
tion with ESP using a scanning electron microscope (SEM; S-
2380N, Hitachi, Tokyo, Japan) and a transmission electron 
microscope (TEM; Hitachi H-7600S, Hitachi). Ultrathin sec-
tions of the sperm were prepared as previously described [14]. 
As shown in Fig. 2, spermatozoa incubated with ESP had an 
abnormal appearance, with damaged or distorted heads and 
necks. The acrosome exocytosis was also evident. Considering 
that sperm membrane integrity and intact acrosomes are 
strongly associated with fertilization rate [15], our results show 
how T. vaginalis infection induces infertility and subfertility in 
women and men.

Many previous studies have concentrated on direct contact-
dependent effects of T. vaginalis on sperm [16-18], while little 
information has been available on the effects of ESP on sperm 
apoptosis. Apoptosis is an important and well-regulated form 
of cell death that occurs under a variety of physiological and 
pathological conditions [14]. T. vaginalis ESP has also been 
shown to induce apoptosis in human vaginal epithelial cells 
[19]. This study provides evidence that T. vaginalis ESP can in-
duce sperm apoptosis in vitro. If this phenomenon also occurs 
in vivo, it should lead to a decrease in the number of sperma-
tozoa and a decline in fertility. Indeed, testicular trichomonia-
sis has been known to lead to azoospermia [20]. A series of 
our studies employing T. vaginalis ESP broadens insight at the 
subcellular levels into how T. vaginalis infection causes infertil-
ity and subfertility in humans.
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