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Objective: This study investigated the mRNA expression of gamma-aminobutyric acid (GABA) receptors in the sperm of oligoasthenoterato-
zoospermic (OAT) and teratozoospermic (TER) men compared to normozoospermic (NOR) men, as well as the relationships between GABA 
receptor expression and sperm parameters, fertilization rate, and embryo quality. 
Methods: The mRNA expression of GABA A-α1 and GABA B-R2 receptors in sperm was examined using reverse transcription–polymerase 
chain reaction in three groups of patients: NOR (n=32), OAT (n=22), and TER (n=45). The fertilization rate and embryo quality were assessed 
in 35 patients undergoing intracytoplasmic sperm injection (ICSI; 10 NOR, 10 OAT, and 15 TER men). 
Results: OAT men had significantly higher mRNA expression of GABA A-α1 and GABA B-R2 receptors in sperm than NOR men; however, the 
difference between TER and NOR men was not significant. High levels of these receptors were significantly correlated with low sperm con-
centration, motility, and morphology, as well as the rate of good-quality embryos (GQEs) at the cleavage stage after ICSI. Patients whose fe-
male partners had a >50% GQE rate at the cleavage stage had significantly lower levels of GABA A-α1 receptor expression than those whose 
partners had a ≤50% GQE rate. 
Conclusion: Our findings indicate that mRNA levels of GABA receptors in human sperm are correlated with poor sperm quality and associat-
ed with embryo development after ICSI treatment. The GABA A-α1 receptor in sperm has a stronger relationship with embryo quality at the 
cleavage stage than the GABA B-R2 receptor. 
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Introduction 

Gamma-aminobutyric acid (GABA) is known to be a major inhibi-
tory neurotransmitter in the central nervous system. Moreover, 
GABA has also been reported to play functional roles in peripheral 
organs such as the testis, ovary, uterus, pancreas, and adrenal glands 
[1]. It plays a role in the regulation of testicular and sperm function 
through its receptors (especially GABA A and B receptors). Several 
subunits of GABA A and B receptors have been detected in sperm 
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[2-5]. The GABA A receptor alpha 1 (α1) subunit is localized on the 
head of sperm, as well as the GABA B receptor R2 subunit [6,7]. Al-
though the specific localization of the GABA receptor is not clearly 
defined, there is evidence that the GABA receptor alpha subunit is 
localized in the equatorial segment of the human sperm head [8]. 
Activation of the GABA A receptor, a ligand gated-chloride ion chan-
nel receptor, induces hyperpolarization of the cell membrane, 
whereas the GABA B receptor, a G-protein-coupled receptor, is in-
volved in the opening of calcium and potassium channels [7]. Many 
studies investigated the role of GABA and its receptors in sperm 
functions that are important for fertilization. The GABA A and B re-
ceptors have been reported to be involved in the modulation of 
sperm kinetic parameters, including sperm motility [9], the stimula-
tion of sperm capacitation [7,10,11], hyperactivation [9,12-14], and 
the acrosome reaction [2,7,5-18]; however, their physiological rele-
vance remains elusive. Indeed, both GABA and progesterone can 
act through GABA receptors to promote those sperm functions by 
triggering the increase of intracellular calcium and chloride ions, cy-
clic 3’,5’ adenosine monophosphate (cAMP), and protein tyrosine 
phosphorylation in the sperm head [10,17]. Nevertheless, no studies 
have yet investigated levels of GABA receptors in poor-quality 
sperm. 

Several terms are used to refer to men with poor sperm quality. 
Oligoasthenoteratozoospermic (OAT) men are defined as men with 
low levels of three sperm parameters (sperm concentration, motility, 
and morphology), whereas teratozoospermic (TER) men are defined 
as those with only low levels of normal sperm morphology. OAT and 
TER men commonly present to infertility clinics [19]. Intracytoplas-
mic sperm injection (ICSI) is an assisted reproductive technology for 
the treatment of infertility, which is defined the inability to conceive 
after 12 months of regular sexual intercourse without contraception 
[20]. Currently, up to 50% (reported range, 20%–70%) of the infertile 
population, corresponding to roughly 50–80 million people world-
wide, is affected by male factor infertility, which mostly involves low 
sperm quality [21,22]. The ICSI procedure not only bypasses the pro-
cesses of natural sperm selection for fertilization that naturally occur 
within the female reproductive tract such as capacitation, hyperacti-
vation, and the acrosome reaction, but it also omits the process of 
sperm-oocyte plasma membrane fusion [23]. Nevertheless, failures 
of fertilization and embryo development from ICSI are also found, 
especially in men with poor sperm quality [24]. A major cause of 
those failures is delayed oocyte activation, which occurs after trig-
gering intracellular calcium release and oscillations of sperm-borne 
oocyte activating factors (SOAFs) [25]. During ICSI, the timing of dis-
integration of the sperm plasma membrane and acrosome, which 
occurs within the oocyte, has been reported to influence the likeli-
hood of successful ICSI outcomes because it controls the release of 

SOAFs [26-29]. Morozumi et al. [26] showed that removing the sperm 
plasma membrane and acrosome before ICSI could improve the tim-
ing of oocyte activation and the first cleavage division. These find-
ings lead to the hypothesis that the remaining components of the 
intact sperm plasma membrane and acrosome in the ooplasm fol-
lowing ICSI, including GABA receptors, might have an impact on fer-
tilization and embryo development. 

Therefore, the present study aimed to determine the levels of 
mRNA expression of GABA receptors, including GABA A-α1 and 
GABA B-R2 receptors, in the sperm of men with poor sperm quality 
(OAT and TER men) compared to normozoospermic (NOR) men. The 
fertilization rate and embryo quality were compared between 
groups in patients undergoing ICSI. Moreover, to provide further 
support for our hypothesis, we also evaluated the correlations of 
mRNA expression of these receptors with sperm parameters, fertil-
ization rate, and embryo quality.  

Methods  

1. Semen samples 
Semen samples were provided from 113 volunteer patients at the 

Naresuan Infertility Center, Faculty of Medicine, Naresuan University, 
Thailand. The experimental protocols were approved by the Institu-
tional Review Board of Naresuan University (IRB No. 0549/60). A 
signed consent form was obtained from all volunteers. The semen 
samples were collected by masturbation, following 3–4 days of sexu-
al abstinence, and allowed to liquefy for 30–60 minutes at room 
temperature. The semen samples were then assessed for liquefac-
tion, appearance, viscosity, pH, volume, and sperm quality (including 
sperm concentration, motility, and morphology) following the World 
Health Organization (2010) guidelines [30]. An overview of the sam-
ple composition is shown in Figure 1. Ninety-nine semen samples 
with normal appearance, liquefaction, and pH values along with a 
sperm concentration ≥ 5 × 106/mL were included in this study, while 
14 semen samples with a sperm concentration < 5 × 106/mL were 
excluded. The included samples were divided into three groups: NOR 
(n = 32), OAT (n = 22), and TER (n = 45). The volunteer patients in the 
NOR group had normal sperm concentrations ( ≥ 15 × 106/mL), pro-
gressive motility (PR; ≥ 32%) and morphology (normal form ≥ 4%), 
while those in the OAT group had abnormal sperm concentrations 
( < 15 × 106/mL), PR ( < 32%), and morphology (normal form < 4%). 
Volunteer patients with normal sperm concentration and PR, but ab-
normal sperm morphology, were defined as TER men. 

2. Semen analysis 
A drop (~10 µL) of the semen sample was loaded into a Makler 

counting chamber. Sperm concentration and motility were recorded 
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using an Optikam microscope camera and software (OPTIKA Micro-
scopes, Ponteranica, Italy) under a bright-field microscope at × 200 
magnification. The average number of sperm per 10 squares was de-
fined as the sperm concentration ( × 106 sperm/mL). The sperm were 
also graded into PR, non-progressive motility (NP), and immotility. 
The total of motile sperm was defined as the sum of PR and NP. For 
sperm morphology analysis, a drop of semen was smeared on a glass 
slide, allowed to air-dry, fixed, and stained using the Diff-Quick stain. 
Approximately 200 sperm were examined for sperm morphology 
under a bright-field microscope at × 1,000 magnification. The per-
centage of sperm with normal and abnormal morphology was cal-
culated. The label of each slide for the sperm morphology analysis 
was blinded. For the study of gene expression, all semen samples 
were stored at –80°C until used. 

3. Reverse transcription-polymerase chain reaction analysis 
Total RNA was isolated from 5–10 × 106 sperm in each sample us-

ing the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and chloro-
form. The RNA was converted to complementary DNA (cDNA) using 
a qScript XLT cDNA Supermix (Quanta Biosciences, Beverly, MA, USA) 
according to the manufacturer’s protocol. The synthesized cDNA was 
used as a template for reverse transcription-polymerase chain reac-
tion. Oligonucleotide primers for GABA receptors, GABA A-α1 and 
GABA B-R2 receptors, and GAPDH (reference gene used as an inter-
nal control) genes were used following previous studies [31-33], as 
shown in Table 1. Complementarity with other sequences in the hu-
man genome was searched using BLAST on the NCBI website (freely 
available at https://blast.ncbi.nlm.nih.gov/Blast.cgi). The oligonucle-
otide primers were synthesized by Macrogen (Macrogen Inc., Seoul, 
Korea). Each PCR product was amplified from 2 ng of cDNA template 
using 2 × SensiFAST SYBR No-Rox (BIO-98005, Bioline, London, UK) 
and performed on the LineGene 9600 Plus QPCR system (Bioer, 

Hangzhou, China). The expression levels of GABA receptor genes 
were normalized to the GAPDH gene and represented as relative 
mRNA expression values [34].  

4. ICSI procedure, fertilization rate, and embryo quality 
assessments 

In total, 35 volunteer patients received ICSI treatment at the Nare-
suan Infertility Centre, Faculty of Medicine, Naresuan University, Thai-
land, including 10 of the 32 patients in the NOR group, 10 of the 22 
patients in the OAT group, and 15 of the 45 patients in the TER group 
(Figure 1). The female partner of each patient undergoing ICSI un-
derwent controlled ovarian stimulation using a standard protocol (a 
gonadotropin-releasing hormone antagonist protocol), and oocyte 
retrieval, as previously described [35]. After incubation for 3 hours, 
oocyte denudation was performed using a hyaluronidase solution 
(80 IU/mL hyaluronidase in FertiCult Flushing Medium; FertiPro NV, 
Beernem, Belgium). Sperm were prepared using two-layer density 
gradient centrifugation, with 45% and 90% of Sil-Select solutions 
(FertiPro NV), following the standard swim-up method. After ICSI, 
the fertilization rate and embryo quality were assessed. The fertiliza-
tion of the injected oocyte was monitored on day 1 (~16–18 hours 
after ICSI). An embryo that showed two polar bodies (first and sec-
ond polar bodies) and two pronuclei was defined as a fertilized oo-
cyte. Embryo quality in each stage of embryo development was then 
observed from day 2 to 5 after ICSI, including the cleavage stage on 
day 3; the morula stage on day 4; and the blastocyst stage on day 5. 
The cell number, symmetry, and fragmentation were used to verify 
the embryo quality at the cleavage stage. A good-quality embryo 
was defined as having 6–8 cells and less than 10% cytoplasmic frag-
mentation [36]. At the morula stage, an embryo with evidence of 
compaction was defined as a good-quality embryo. Blastocyst for-
mation, the inner cell mass (ICM), and the trophectoderm (TE) were 

113 Total number of volunteer patients

(Exclusion)

Undergoing ICSI

14 Azoospermia and oligozoospermia;
<5×106 sperm/mL

99 Total number of patients that met the inclusion criteria

10 Patients

NOR group:
32 normozoospermic men 

OAT group:
22 oligoasthenoteratozoospermic men

TER group:
45 teratozoospermic men 

10 Patients 15 Patients

Figure 1. Schematic overview of the sample composition. ICSI, intracytoplasmic sperm injection.
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used to assess embryo quality at the blastocyst stage according to 
the guideline of Gardner et al. [37]. Blastocyst formation was evaluat-
ed using 6 grades based on the degree of expansion and hatching 
status, as follows: grade 1, early blastocyst; grade 2, blastocyst; grade 
3, full blastocyst; grade 4, expanded blastocyst; grade 5, hatching 
blastocyst; and grade 6, hatched blastocyst. The ICM was categorized 
as grade A, tightly packed with many cells; grade B, loosely grouped 
with several cells; and grade C, very few cells. The TE scores were 
grade A, many cells forming a cohesive epithelium; grade B, few cells 
forming a loose epithelium; and grade C, very few cells [37]. In this 
study, the embryo quality at the blastocyst stage was divided into 
good (3–6 with AA, AB, BA, or BB), moderate (3–6 with BC, CB, or CC), 
and poor (1–2 regardless of ICM and TE grades and arrested embry-
os; defective at reaching the blastocyst stage). The fertilization rate 
and number of embryos of good, moderate, and poor quality in each 
stage of embryo development were recorded. 

To investigate the relationship between the mRNA expression of 
GABA A-α1 and GABA B-R2 receptors and the embryo quality on 
cleavage stage, all patients undergoing ICSI were divided into two 
groups based on the percentage of good-quality embryos at the 
cleavage stage: good (having a > 50% proportion of good-quality 
embryos, n = 22) and poor (having a ≤ 50% proportion of good-qual-
ity embryos, n = 13). 

5. Statistical analysis 
The normality of the data distribution was determined using the 

Shapiro-Wilk test. The statistical significance of differences between 
the two groups was analyzed using the Student t-test (for parametric 
data) and the Mann-Whitney test (for nonparametric data). The sta-
tistical significance of differences among three groups was analyzed 
using one-way analysis of variance followed by the Dunnett post hoc 
test (for parametric data) and the Kruskal-Wallis test followed by the 
Dunn multiple comparison test (for nonparametric data). Moreover, 
the Pearson correlation coefficient was used to investigate the rela-
tionships of the relative mRNA expression of GABA receptors with 
sperm parameters, fertilization rate, and embryo quality. The chi-
square test was used to compare the categorical variables of groups 

of volunteer patients regarding the rate of fertilization and embryo 
quality. Statistical significance was considered to be indicated by 
p-values < 0.05.  

Results  

1. Semen analysis 
The results of the semen analysis for all parameters are shown in 

Table 2. There were no significant differences in the age of the male 
patients or semen volume in the OAT and TER groups compared to 
the NOR group. The OAT group had significantly lower sperm con-
centration, PR, total motility, and normal morphology than the NOR 
group. A significantly lower percentage of sperm with normal sperm 
morphology was found in the TER group than in the NOR group. 

2. The mRNA expression of GABA A-α1 and GABA B-R2 receptors 
Significantly higher mRNA expression of the GABA A-α1 and GABA 

B-R2 receptors was found in the OAT group than in the NOR group, 
as shown in Figure 2A (GABA A-α1: 1.7 ± 0.2 vs. 1.0 ± 0.1 for OAT vs. 
NOR) and Figure 2B (GABA B-R2: 2.2 ± 0.3 vs. 1.0 ± 0.2 for OAT vs. 
NOR); however, the differences between the TER and NOR groups 
were not significant. 

Table 1. Sequences of oligonucleotide primers for gene expression analysis in human sperm

Gene Primer sequence (5’-3’) Annealing temperature (°C) Product size (bp) Reference
GABA A-α1 F: AGAAAAACAACACTTACGCTCCA 57 119 [31]

R: GGGCTTGACCTCTTTAGGTTC
GABA B-R2 F: GGAAGAGGTCACCATGCAG 66 101 [32]

R: AGTTTCCCAGGTTGAGGATG
GAPDH (reference) F: GCCTCAAGATCATCAGCAATGCCT 63 104 [33]

R: TGTGGTCATGAGTCCTTCCACGAT

F, forward; R, reverse.

Table 2. Comparison of semen parameters in each group of 
volunteer patients

Variable NOR (n = 32) OAT (n = 22) TER (n = 45)
Male age (yr) 36.0 ± 0.8 37.5 ± 1.3 37.7 ± 1.1
Sperm concentration (×106/mL) 104.5 ± 14.0 10.2 ± 0.5a) 91.7 ± 11.2
Progressive motility (%) 57.8 ± 2.9 20.6 ± 1.9a) 52.8 ± 1.8
Total motility (%) 72.3 ± 1.9 41.6 ± 3.4a) 67.2 ± 1.9
Normal morphology (%) 8.6 ± 0.4 1.0 ± 0.2a) 1.2 ± 0.2a)

Semen volume (mL) 3.0 ± 0.4 2.9 ± 0.3 2.6 ± 0.2

Values are presented as mean±standard error of the mean.
NOR, normal; OAT, oligoasthenoteratozoospermic; TER, teratozoospermic.
a)Statistically significant compared to NOR group (p<0.0001); Kruskal-Wallis 
test followed by the Dunn multiple comparison test.
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Figure 2. Relative mRNA expression of gamma-aminobutyric acid 
(GABA) receptors ([A] GABA A-α1, [B] GABA B-R2 receptors) in the 
oligoasthenoteratozoospermic (OAT) and teratozoospermic (TER) 
groups compared to normal (NOR) group. Values are presented as 
mean±standard error of the mean. a)p<0.05, b)p<0.01; the Kruskal-
Wallis test followed by Dunn multiple comparison.

3. Fertilization rate and embryo quality after ICSI 
As shown in Table 3, a significantly lower proportion of good-qual-

ity embryos at the cleavage stage was found in the OAT and TER 
groups than in the NOR group. There were no significant differences 
between groups in the age of the female partner, fertilization rate, or 
embryo quality in the morula and blastocyst stages. 

4. Correlations of mRNA expression of GABA A-α1 and GABA 
B-R2 receptors with sperm parameters, fertilization rate, and 
embryo quality 

High expression of both GABA A-α1 and GABA B-R2 receptors was 
significantly correlated with low sperm concentration, PR, total mo-
tility, and normal morphology (Figure 3). Patients in the good group 
had significantly lower levels of GABA A-α1 receptor expression than 
patients in the poor group (1.00 ± 0.16 vs. 2.24 ± 0.40), but a signifi-
cant difference was not found for GABA B-R2 receptor expression 
(1.32 ± 0.27 vs. 1.72 ± 0.40), as shown in Figure 4. A strong negative 
correlation was present between the expression of the GABA A-α1 
receptor and the percentage of good-quality embryos at the cleav-
age stage (r = –0.464, p = 0.005) (Figure 5A); however, a significant 
correlation was not found for GABA B-R2 receptor expression  
(r = –0.227, p = 0.191) (Figure 5B). Moreover, the percentage of 
good-quality embryos at the cleavage stage exhibited a positive 
correlation with normal sperm morphology (r = 0.468, p = 0.005) 

Table 3. Comparison of baseline characteristics of the female partners of the volunteer patients undergoing ICSI and clinical outcomes after 
ICSI including fertilization rate and embryo quality
Variable NOR OAT p-value TER p-value
Number of patients with ICSI 10 10 15
Female age (yr) 34.3 ± 1.5 (29–40) 36.5 ± 1.3 (32–44) NSa) 36.7 ± 1.1 (30–46) NSa)

Number of cycles 10 10 15
Number of retrieved oocytes 98 66 155
Number of MII oocytes injected 94 63 147
Fertilization rate 87.2 (82/94) 82.5 (52/63) NSb) 84.4 (124/147) NSb)

Embryo at cleavage stage 0.01b) < 0.001b)

  GQE 76.8 (63/82) 55.8 (29/52) 42.9 (63/124)
  PQE 23.2 (19/82) 44.2 (23/52) 57.1 (61/124)
Embryo at morula stage NSb) NSb)

  GQE 48.8 (40/82) 46.2 (24/52) 40.3 (50/124)
  PQE 51.2 (42/82) 53.8 (28/52) 59.7 (74/124)
Embryo at blastocyst stage NSb) NSb)

  GQE 22.0 (18/82) 19.2 (10/52) 22.6 (28/124)
  MQE 9.8 (8/82) 5.8 (3/52) 11.3 (14/124)
  PQE 68.3 (56/82) 75.0 (39/52) 66.1 (82/124)

Values are presented as mean±standard error of the mean (range) or percent (number).
ICSI, intracytoplasmic sperm injection; NOR, normal; OAT, oligoasthenoteratozoospermic; TER, teratozoospermic; NS, not significant; MII, metaphase II; GQE, 
good-quality embryo; PQE, poor-quality embryo; MQE, moderate-quality embryo.
a)One-way analysis of variance followed by the Dunnett post hoc test; b)Chi-square test.
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Figure 3. Correlations of mRNA expression of GABA A-α1 (left) and GABA B-R2 (right) receptors with sperm parameters: (A) sperm 
concentration, (B) progressive motility, (C) total motility, and (D) normal morphology. All data points in the normal (NOR; circles), 
oligoasthenoteratozoospermic (OAT; triangles) and teratozoospermic (TER; squares) groups are shown. Linear regression line (black line) 
fitted to all data points. GABA, gamma-aminobutyric acid.
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Figure 4. The relative mRNA expression of gamma-aminobutyric 
acid (GABA) receptors ([A] GABA A-α1, [B] GABA B-R2 receptors) in 
patients who had the female partner with a good (>50% GQE) and 
poor (≤50% GQE) proportion of embryos at the cleavage stage. 
Values are presented as mean±standard error of the mean. GQE, 
good-quality embryo. a)p<0.01, Student t-test.
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(Figure 6). There were no significant correlations between the ex-
pression of GABA receptors and other outcomes, including fertiliza-
tion rate and embryo quality at the morula and blastocyst stages 
(data not shown). 

Discussion 

The present study demonstrated high mRNA expression of GABA 
receptors in the sperm of OAT and TER patients. This result is consis-
tent with our previous study in an animal model of poor sperm qual-
ity (in methamphetamine-administered rats), which found signifi-
cantly higher GABA concentrations as and mRNA expression of the 
GABA A-α1 receptor and a GABA-synthesizing enzyme in the testis 
of methamphetamine–administered rats [38]. Additionally, signifi-
cantly higher GABA A-α1 receptor expression in epididymal sperm 
was also found in those rats (unpublished data). These results indi-
cate that the expression of GABA receptors changes both in the testis 
and sperm under conditions of poor sperm quality. GABAergic func-
tion in the testis has been reported, including the stimulation of 
spermatogenesis, Leydig cell proliferation, and testosterone produc-
tion [39,40]. Therefore, it should be noted that the increase of GABA 
receptors is expected to occur earlier in the testis to compensate for 
sperm impairment and to maintain the homeostasis of testicular 
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function; moreover, those receptors remain expressed in epididymal 
sperm after spermiation. Similarly, changes in GABA receptors were 
also found in the ejaculated sperm of OAT and TER men. As men-
tioned above, significantly higher mRNA expression of GABA recep-
tors was found only in OAT men, but not in TER men. Moreover, sig-
nificant correlations between high levels of GABA receptor expres-
sion and low sperm parameters were observed. These results 
demonstrate that the mRNA levels of GABA receptors depend on the 
severity of sperm impairment. However, the results of this study only 
focused on alterations of the transcription process in GABA receptors 
as measured by mRNA expression, not on the protein expression of 
GABA receptors in human sperm; the need to clarify the translation 
process remains a limitation. 

Our results for ICSI outcomes are consistent with those of previous 
studies. Loutradi et al. [41] and Li et al. [42] showed that OAT and TER 
patients had significantly lower embryo quality at the cleavage stage 
after ICSI than NOR patients, but no significant difference was found 
in the fertilization rate. Moreover, Loutradi et al. [41] revealed that 
there was no significant difference in the embryo quality at the blas-
tocyst stage of OAT patients undergoing ICSI compared to NOR pa-
tients. The present study confirmed that the impairment of embryo 
development in OAT and TER men undergoing ICSI occurs at the 
cleavage stage. The positive correlation between the percentage of 
good-quality embryos at the cleavage stage and normal sperm mor-
phology indicates that abnormal sperm morphology might be a ma-
jor cause of embryo developmental impairment in these patients. 
There is evidence that OAT and TER men had a high level of sperm 
DNA fragmentation and chromatin condensation abnormalities [43]. 
Moreover, several studies have suggested that sperm from those 
men isolated by density gradient centrifugation still have higher 
sperm DNA fragmentation and aneuploidy levels than sperm from 
NOR men, with implications for embryonic cleavage after ICSI [44-
48]. A review study on the effects of sperm DNA fragmentation on 
ICSI outcomes found that sperm DNA fragmentation had adverse ef-
fects on the pregnancy rate and the timing of blastocyst-stage em-
bryo development, but not on cleavage-stage embryos; however, 
those relationships were not found in some studies [49,50]. 

Interestingly, this is the first report on the correlation between 
GABA receptor expression in sperm and ICSI outcomes. In this study, 
we showed that significantly higher levels of GABA A-α1 receptor 
mRNA expression in sperm were found in patients whose female 
partner had a low percentage of good-quality embryos at the cleav-
age stage after ICSI. These findings support the hypothesis that the 
GABA receptors, especially the GABA A-α1 receptor, in human sperm 
are involved in embryonic cleavage after ICSI. Although sperm im-
mobilization is performed immediately before ICSI to induce sperm 
plasma membrane disruption, the sperm plasma membrane and ac-

rosome remain intact for several hours in the oocyte [51]. As men-
tioned earlier, during ICSI, the intracellular calcium level in the oo-
plasm increases in response to triggering of SOAFs from the acro-
some after the disintegration of the sperm plasma membrane. Inter-
estingly, it is important for oocyte activation, which has an impact on 
fertilization and embryo development (from early embryonic devel-
opment to the blastocyst stage) [23,52]. Taken together, the levels of 
remaining GABA receptors on the intact sperm head may be associ-
ated with delayed oocyte activation because it is known that the ac-
tivation of GABA receptors results in an increase of intracellular calci-
um levels in sperm. Using sperm with high levels of GABA receptors 
in ICSI might disturb the pattern of intracellular calcium oscillations 
within the ooplasm and cause delays in oocyte activation and cleav-
age division of the embryo. However, the functional role of GABA re-
ceptors in those processes remains unknown. 

In summary, the findings of the present study suggest that the 
mRNA levels of GABA receptors, GABA A-α1 and GABA B-R2 recep-
tors, in sperm can be used as biomarkers to predict male infertility. 
The finding of high-level mRNA expression of these receptors in 
sperm reflects poor sperm quality. Moreover, our results demon-
strate that the mRNA levels of GABA receptors in human sperm, es-
pecially the GABA A-α1 receptor, are associated with embryo quality 
at the cleavage stage after ICSI.  
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