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DECREASED SPERM HYPERACTIVATION AND LOW CATSPER1 
EXPRESSION IN MICE EXPOSED TO FLUORIDE

Zilong Sun,a Bin Wang,a Ruiyan Niu,a Jianhai Zhang,a Jundong Wanga

Shanxi, China

SUMMARY: Sperm quality, sperm hyperactivation, and the gene expression of
Catsper1 were studied in adult male Kunming mice exposed to 150 mg NaF/L for 7
weeks in their drinking water. Compared with the controls, sperm quality and the
proportion of hyperactivated sperm were significantly decreased in mice treated with
F. Likewise, the Catsper1 gene expression level was also significantly reduced in the
treatment group. On the basis of these findings, we propose that low Catsper1 gene
expression in sperm may be associated with decreased sperm hyperactivation by
NaF.
Keywords: Catsper1; Male mice; Sperm hyperactivation; Sperm motility. 

INTRODUCTION

Besides immunotoxic, neurotoxic, and cytotoxic effects induced by fluoride
(F), the adverse influence of F on the reproductive system has become a major
concern in many countries. The importance of reproductive health to offspring
developments has prompted epidemiological investigations of the apparent
connection between excessive F exposure to male infertility and low birth
rates.1,2 These findings are supported by numerous animal experimental
studies that have demonstrated a negative impact of F ingestion on
spermatogenesis,3 sperm morphology and motility,4-7 sperm capacitation,8 and
sperm fertilizing ability.9-11 

Sperm hyperactivation is a kind of sperm movement pattern that occurs at or
near the site of fertilization.12,13 Because it is necessary for successful
fertilization, sperm hyperactivation is an important index for evaluating the quality
of mature sperm in mammals. 

At present, however, little is known about toxic effects of F on sperm
hyperactivation. Therefore, the purpose of this study was to assess the action of F
on sperm hyperactivation to aid in gaining a better understanding of how F induces
male infertility. To address this issue, we further observed the gene expression
change of Catsper1, which is involved in the Ca2+ signaling pathway during
hyperactivation process.14, 15

MATERIALS AND METHODS

Establishment of animal model: Fifty adult male Kunming mice, about 20 g in
weight, were obtained from the Laboratory Animal Center, Institute of Zoology,
Chinese Academy of Sciences, along with supplies of their standard diet. The mice
were divided randomly into two groups of 25 each: a control group, which was
given distilled water, and a treatment group, which was received 150 mg NaF/L in
their drinking water. All mice had free access to food and water under standard
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temperature (22–25ºC), 12/12-hr light/dark cycle, ventilation, and hygienic
conditions. The Institutional Animal Care and Use Committee of China approved
the design of the study.

Sperm sample preparation and sperm quality evaluation: Seven weeks after
establishing the animal model, all mice were sacrificed by cervical dislocation.
Sperm from the cauda epididymis and vas deferens was allowed to disperse into
human tubal fluid (HTF) medium at 37ºC. Aliquots of sperm suspensions were
prepared for determination of sperm quality by the method of Huang et al.5 

The rest of the sperm then were washed once with HTF medium by
centrifugation with 200×g for 5 min, followed by incubation at 37ºC under 5%
CO2 for 30 min. After swim-up, supernatant containing motile sperm, was
collected, and adjusted with HTF at a final concentration of 5×105 sperm/mL and
then incubated for 1 hr at 37ºC under 5% CO2 for hyperactivation analysis.

Assessment of hyperactivation: Sperm hyperactivation was measured as
previously described by Ishijima et al.16 Briefly, a 60-µL aliquot of sperm
suspension was loaded on a 20-µm deep observation chamber fixed on slide
which was pre-warmed at 37ºC, and covered with a glass coverslip. The
motilities of sperm were observed with an Olympus BX51 microscope
equipped with CCD DP70 video camera (Olympus Optical, Tokyo, Japan). At
least 200 motile sperm per assay were counted, and the proportion of those
exhibiting hyperactivated motility was determined. Immotile sperm were not
included in the final analysis.

Sperm RNA extraction and quantitative real-time polymerase chain reaction
(QRT-PCR): After hyperactivation evaluation, the sperm pooled from 5 mice were
washed twice in PBS, and then resuspended in a somatic cell lysis buffer (0.1%
SDS, 0.5% Triton X-100 in distilled H2O). This procedure produced essentially
pure sperm.17 Total RNA in the sperm was extracted according to the Trizol
(Invitrogen, USA) manufacturer’s instructions.

Specific primers of Catsper1 and β-actin (Table 1) were designed with Primer
3.0 plus. QRT-PCR was conducted by using the Mx3000P™ QRT-PCR system
(Stratagene, USA) and two-Step SYBR® QRT-PCR kit (Takara, China).
Thermocycling conditions were as follows: after initial denaturation at 95ºC
for 15 sec, 55 PCR cycles were started with thermocycling conditions at 95ºC
for 5 sec, 61ºC for 20 sec, and 72ºC for 6 sec, and then followed by the reaction
melting curve analysis to verify the specificity of the amplified products. β-
Actin was used as an endogenous control to reflect the relative abundance of
the target gene, which was obtained by calculating the ratio of the threshold
cycle (Ct) values using following formula: Ct value of β-actin/Ct value of
target gene.18
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Data Analysis: Experimental data were expressed as mean values±SEM.
With the help of SPSS 11.5 statistical software, differences between groups
were evaluated by independent-samples t-test. If the P value was<0.05, the
difference was considered to be statistically significant.

RESULTS

Effects of NaF on sperm quality: As shown in Table 2, NaF exposure brought
about significant declines in sperm count, sperm motility, and sperm survival
(p<0.05) in mice as compared to the controls.

Effects of NaF on sperm hyperactivation: Photographs of the non-
hyperactivated sperm (A) and the hyperactivated sperm (B) are shown in
Figure 1. From Figure 2 it can be seen that a significant (p<0.05) decrease was
observed in the proportion of hyperactivated sperm in mice administrated 150 mg
NaF/L in their drinking water.

Table 1. Primer sequences wi th their corresponding PCR product size and position 

Gene Primers (5’      3’) Product 
location 

Product 
(bp) 

Gene bank 
Accession No. 

β-actin 
TTGCTGACAGGATGCAGAAG 
ACATCTGCTGGAAGGTGGAC 

1005-1145 141 NM_007393.3 

Catsper1 
TAGACCCAAGCCATCAATCC 
CCATGCTGTTGGTATGGTTG 

56-182 127 NM_139301.2 

→

Table 2. Sperm quality in  male mice after  7 weeks of exposure to distilled water (Control  g roup) or 150 mg 
NaF/L in their drinking water (Treatment group) (n=8; mean±SEM) 

Groups Weight(g) Sperm count(106/ml) Sperm motili ty(%)  Sperm survival(%) 

Control 40.12±1.10 10.75±1.33 72.78±1.46 74.91±2.99 
Treatment 40.85±1.68 6.60±0.80* 59.16±2.21* 62.04±4.37* 

     *p<0.05 (compared wi th the control group). 

Figure 1. Representative images from videos of activated and hyperactivated mouse 
sperm. A) Activated sperm exhibiting symmetrical flagellar beating, B) Hyperactivated 
sperm displaying high amplitude and asymmetrical flagellar movement. Each image was 
produced from two actions of the same sperm by two flashes of a stroboscope, spaced 1/60 
sec apart.
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Effects of NaF on Catsper1 mRNA expression: Figure 3 presented the
amplification plots for Catsper1 and β-actin genes in sperm of mice, and the
original Ct values of these two genes in control and treatment groups

.

Figure 2. The proportion of hyperactivated sperm in mice from control and 
treatment groups. Values are expressed as mean±SEM (n=8). Bar labeled with 
asterisk indicates significant differences between treatments (p<0.05).
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Figure 3. Amplification plots for Catsper1 and β-actin genes in sperm of mice in control 
and treatment groups, and the original Ct values of these two genes. Table on the left top 
shows original data of CT value and ration, of which ration refers to Ct value of β-actin/
Ct value of Catsper1. 
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 As seen in Figure 4, compared to the control group, the gene expression of
Catsper1 was significantly decreased by 27.4% in treatment group.

DISCUSSION

As described in our previous reports,5-7,19 the sperm count of mice was
decreased by treatment with NaF. F exposure also brought about a marked decline
in the motility and survival of sperm.20-22 The decrease in these three sperm
properties indicated a low sperm quality which may correlate with male infertility.
F is known to adversely affect the reproductive system of animals and human
being. In the present study, our results are in agreement with these findings.
However, conventional parameters, including sperm concentration, motility, and
survival, are poor in predicting future fertility.23 To better understand the toxic
effects of F on reproduction, we felt it necessary to focus on alteration of sperm
hyperactivation induced by F.

The movement of hyperactivated sperm is different from the normal activated
sperm. It involves an increase in flagellar beat amplitude and bent asymmetry to
enhance the ability of sperm to detach from the wall of the oviduct, to move
around in the labyrinthine lumen of the oviduct, to penetrate mucous substances
and, finally, to penetrate the zona pellucida of the oocyte.12, 24, 25 However, very
little is known about the toxic effects of F on sperm hyperactivation. Here, our
result demonstrated, for the first time, that F inhibited the hyperactivated motility
of sperm in mice, indicating that less sperm can meet requirements for
fertilization. This finding could be a good basis to explore the cause of low birth
rates in high F areas and in animals treated with F. 

Although no specific signals has been identified for regulating hyperactivation
occurrence, it is clear that an elevation of intracellular Ca2+ concentration
correlates with the acquisition of hyperactivated motility, suggesting that ion
channels are involved in this process.16 Over the past decade, studies using gene
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Figure 4. The relative expression levels of Catsper1 in sperm of mice in control 
and treatment groups. Values are expressed as mean±SEM (n=5). Bar labeled 
with asterisk indicates significant differences between treatments (P<0.05).
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knockout mice have confirmed that Catsper is the putative Ca2+ channel essential
for hyperactivation and also that male mice deficient Catsper1 gene were
completely infertile.14,26 In the present study, compared with the controls, the
expression of Catsper1 gene in the F treated group was significantly decreased,
which was corroborated by the decrease in hyperactivated sperm in the treatment
mice. 

Taking the above together, it is clear that F adversely affected sperm motility and
hyperactivation in mice, probably through alteration of the Catsper1 gene. These
changes induced by F may therefore be one of the reasons for low male fertility
associated with increased exposure to F. 
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