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Abstract

The present study is to explore the relationship between
GABA/GAT1 and mechanism of sperm maturation in
epididymis. The distribution of GABA and GAT1 was
observed under microscope in different magnifications.
Immune labeled GABA and GAT1 at the different regions
of epididymis was semi-quantified. Our data illustrated
that GABA was significantly higher produced at caput of
epididymis than that at corpus or cauda of epididymis.
Consistently, the distribution of GAT1 showed similar
patterns at the different regions of epididymis. The
current data suggested that differential expression of
GABA and its transport protein I (GAT1) at the different
regions of epididymis may be related to maturation and
subsequently the function of sperms. Such information
may also contribute to our clinical practice in Andrology.
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Introduction
γ-aminobutyric acid (GABA) is a main inhibitory

neurotransmitter in the mammalian central nervous system
[1]. Neuronal inhibition is induced following GABA binding
with ionic GABAA/GABAC receptor and metabolic GABAB
receptor of postsynaptic membrane. GAT1 is a primary neuron
transporter in brain among the four GATs (GAT1-GAT4) [2,3].
Synaptic transmission is terminated by GABA transporter
protein (GAT) reuptaking GABA. In addition to localization in

CNS, GABA is also identified in peripheral tissues [4], such as
endocrine organs (pituitary, liver and ovary). It has been
published previously that GABA is also presented in testis,
sperm, deferent duct and epididymis in male reproductive
system [5]. However the distribution of GABA and GAT1 in
epididymis is still not clear. Similar to progesterone, GABA
causes depolarization of cell membrane and stimulates
acrosome reactions in recapacitated human spermatozoa in a
dose dependent manner [6]. GABAA and GABAB receptors,
expressed in sperms, might relate to acrosome reaction via
GABA and progesterone [7-11]. GABA also enhances sperm
kinematic parameters and increases hyper-activation, with
similar magnitude of those produced by progesterone and
mediated mainly by the GABAA receptor [12]. Thus GABA may
be a physiological regulator of sperm function. GAT1 is also
observed in testes, epididymis and sperms [13-18]. The
function of GAT1 has been demonstrated, showing
compromised reproductive capacity in the GAT1 transgenic
mice. The explanation of compromised reproduction of the
GAT1 transgenic mice may be due to disturbed maturation of
sperms, compared with wild type mice [15]. Therefore it is
necessary to determine the distribution and/or correlation of
GABA and GAT1 in epididymis, which may shed light in the role
of these molecules in the maturation of sperm, which could be
useful for understanding of male infertility with potential
application in the management of such patients.

Materials and Methods

Animals
Adult C57 mice (n=4) (aged 8 weeks) were kept at the

standard condition, as described [19]. Temperature of 22°C ±
2°C and diurnal cycle of 12 hours were maintained. All
experimental protocols were approved by Animal Ethic
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Committee, Tongji Hospital, Tongji University School of
Medicine.

Histology
Epididymis was collected following cervical dislocation

sacrificing. The collected epididymis was fixed with 4%
paraformaldehyde and embedded in paraffin. Paraffin-sections
(7 µm) were cut using Leica microtome. The sections were
blocked with the rabbit serum-free protein following
dewaxing. GABA and GAT1 antibodies were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Sections were
incubated with either primary anti-GABA or anti-GAT1 (1:50)
overnight at 4°C. These sections were further incubated with
the secondary antibodies (biotinylated rabbit anti-goat IgG) at
room temperature after three times PBS washing. The sections
were incubated with the horseradish peroxidase-labeled
streptavidin for 30 min (goat sreptavidin/peroxidase Kit-SP
9003, Zhongshan Goldenbridge Biotechnology, Co LTD, China).
Detection was performed with the AEC substrate. The color
development was stopped using washing the slides with
running water. Finally, sections were counterstained with
hematoxylin. The controls were performed by omitting the
primary antibody. The slides were then photographed under
Leica microscope. Semi-quantification of the
immunohistochemistry was performed using Axioplan 2 image
microscopic image analysis system (Zeiss Company, Germany).

Statistical analysis
SPSS13.0 was used for the statistical analyses. Data are

presented as mean±SD. Comparisons were made using t test.
p<0.05 was considered statistically significant.

Results

GABA and GAT1 immunohistochemistry in
epididymis

There was overall GABA production in the whole epididymis,
including caput, corpus, and cauda (Figure 1a). However, GABA
production in caput (Figure 1b) was 1.7 or 1.6-fold stronger
than that in corpus or cauda, respectively (Figures 1c and 1d).
Interestingly there was no significant difference of GABA
between corpus and cauda. Similarly, GAT1 was also
distributed in the whole epididymis, with similar patterns to
that of GABA (Figures 2a-2d). The control showed no special
staining (Figures 3a-3d).

Semiquantification of immunohistochemistry
staining intensity of GABA and GAT1

The intensity of GABA staining varied from the caput 95.5 ±
6.5 to the corpus 55.9 ± 3.5 and the cauda 59.2 ± 4.2. The
intensity of GAT1 varied from the caput 75.3 ± 2.0 to the
corpus 52.0 ± 2.9 and the cauda 54.5 ± 1.7. The results
identified that GABA distributed significantly (p<0.01) in the
caput of epididymis, instead of the corpus and cauda. GAT1

has the similar distribution pattern as GABA (Figures 4a and
4b).

Figure 1 Immunohistochemistry of GABA in epididymis. (a)
GABA staining over the epididymis (x40); (b) Epididymis
caput (x400); (c) Epididymis corpus (x400); (d) Epididymis
cauda (x400).

Figure 2 Immunohistochemistry of GAT1 in epididymis of
C57 mice. (a) GAT1 staining over the epididymis (x40); (b)
Epididymis caput (x400); (c) Epididymis corpus (x400); (d)
Epididymis cauda (x400).

Figure 3 Control of immunohistochemistry in epididymis of 
C57 mice. (a) The whole epididymis (x40); (b) Epididymis
caput (x400); (c) Epididymis corpus (x400); (d) Epididymis
cauda (x400).

Figure 4 The immunohistochemistry semi-quantification
results. Values were mean ± SD.  (a) GABA   production   in
mouse epididymis; (b) GAT1production in mouse epidid-
ymis. ** indicates p<0.01.
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Discussion
GABA (expressed in sperms, testes and epididymis) plays an

important role in spermiotelcosis [13-15]. Our previous studies
demonstrate that there are abnormal histopathological
presentations in testis and sperm from GAT1 transgenic mice.
However, there are no remarkable changes in the epididymis
[15]. This can explain that the male reproduction is
compromised in GAT1 transgenic mice [15,16]. In the current
study, we found that GABA and GAT1 distributed differentially
in mouse epididymis caput, corpus, and cauda. Our current
findings are in line with our previous two reports, showing that
there was differential distribution of GABA, as well as, GAT1 in
epididymis, particularly in caput, suggesting that GABA and
GAT1 may contribute to the maturation of sperm and
reproduction in male.

GAT1 is responsible for transferring GABA from the
epididymis lumen into the epithelium cells for homeostasis in
epididymis. Consistent distribution of GABA and GAT1 in
epididymis caput, corpus, and cauda, might be due to that
GAT1 regulates concentration of GABA in the epididymis [15].

The physiological function of epididymis is mainly for sperm
maturation. Spermatozoa enter the epididymal tubule from
the testis and, undergo a process of maturation that confers
motility and the ability to fertilize ova during transit [18]. GABA
is able to induce sperm acrosome reaction and increase sperm
motility in vitro [7,10,12]. Acrosome reaction is a critical step
for fertilization; whereas motility is also important for sperms
to reach ova for fertilization. Thus the highest production of
GABA/GAT1 in the epididymis caput is consistent with our
previous published work, suggesting that GABA contributes to
both acrosome reaction and sperm motility.

Conclusion
To conclude, our observation suggests that GABA and GAT1

play an important role in epididymal function. Such
information is important for basic research in reproductive
physiology, as well as, for clinical practice in Andrology.
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