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ABSTRACT

The aim of this study was to investigate the effect of L-carnitine therapy on CatSper 1 and CatSper 2 proteins
expression in the aged male mice. In spite of the important role of CatSper genes in male fertility, little data is
available about the factors regulating their expression. CatSperl-4, four unique sperm cation channels, were
identified to be exclusively expressed in the sperm and required for sperm motility and male fertility. A total of 48
aged (11-12 months) and young (2-3 months) mice were randomly divided into four groups. (1) aging control; (2)
aging treated; (3) Young control; and (4) Young treated. Control groups did not receive any injection. The treated
groups were received intra-peritoneally 50 mg/kg L-carnitine daily for 35 days. |mmunohistochemistry staining was
performed on days 21, 28 and 35 after carnitine treatment. Sperms were analyzed based on the WHO guidelines
given for human sperm examination. Data analysis was carried out using the SPSS software version 21. Carnitine
treatment caused a remarkable increase in CatSperl and CatSper2 proteins expression. Besides,
immunohistochemistry staining detected CatSper proteins in the head and the sperm flagellum. Carnitine therapy
increased CatSper proteins expression in the old and young mice.
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INTRODUCTION

Calcium channels play an important role in the t&tion of sperm cells functions [1]. Many calciwmannels have
been found in spermatozoa, including voltage-sieesi€d® selective channels, cyclic nucleotide-gated ckénn
and transient receptor potential channels [2].

CatSperl-4 and two additional subunits, CatSpeerd Cat-Sper 3 are a novel family of sperm calaihannels that
are merely expressed in the spermatozoa [3-5]. géatSwas first discovered by Ren and colleaguesh&f are
required for sperm motility and male fertility [2]. A high degree of conservation was observeddtS@er amino
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sequences in both human and mice [8]. Two furthembers of CatSper genes family, CatSper3 and Cat®ere
discovered using in silico gene idenification [Bleletion of the CatSper3 and CatSper4 in mouseatesgetheir
essential role in sperm hyperactivation motilitg dertility [2, 9].

Degenerative changes in the somniferous tubulesgdé#trease in gene expression and sperm motilijgest that
oxidative stress is related to the aging proce8k Besides, it has been proposed that an imbalbetveeen oxidant
and antioxidant lead to aging [10]. Semen contamoxidants, such as vitamin E, vitamin C, cawlagutathione
peroxidase, superoxide dismutase, pyruvate, anditicer that protect sperm cells from oxidative ssrg11].
Minerals and vitamins are necessary for functiomepfroductive system [12]. Carnitine is well knoas a water-
soluble antioxidant that highly concentrated in tlestis. L-carnitine plays a critical role in spemmotility,
maturation and protecting spermatozoa against fegkicals [13, 14]. Carnitine deficiency let to dgigmal
dysfunctions and infertility [15]. However, an ohsttive azoospermia and infertility was restoretbrafreatment
with L-carnitine. Besides, infertile men have lowlewel of L-carnitine in semen than fertile subgeend L-
carnitine treatment could increase sperm motili#y, [L7].

Several studies have been showed a direct reliprizetween sperm motility and male fertility asliwes a
reduction in sperm quality with increasing age [I8) our knowledge we evaluate the effects of ¢emmitreatment
on CatSper proteins expression for the first titmence, we designed this study to investigate tfectsf of L-
carnitine supplementation on expression of Catfpaeins in the aged and young male mice.

MATERIALS AND METHODS

Chemicals
L- Carnitine was purchased from Sigma-Aldrich Compa

Study design

The experimental protocol was approved by the Ahifthics Committee of Mashhad University of Medical
Science. A total of forty-eight 11-12 months oldregmale BALB/c mice and 2-3 months old young adutle
mice were used from experiments. The mice were taiaied under standard conditioi$ie animal were randomly
divided into four groups of twelve each: an agedtad group (group 1), an aged group with carnitireatment
(group 2), a young control (group 3), and a youiitl warnitine treatment (group 4). Control grous ot receive
any supplementation. The group3 and group 4 wegeived intra-peritoneally 50 mg/kg/day L-Carnitife 35
days. Mice were rapidly sacrificed by cervical digtion, and the sperm suspension was acquired tihenbeft
cauda epididymis.

Immunohistochemistry study

Sperms acquired from the Cauda epididymis wereeplam slides, air dried and fixed with ice-cold haetol [19,
20] . The slides were antigen retrieved in Tris-2Dat 95° C for 17 minutes and then incubated wih 3,0, to
block the endogenous peroxidase activity. Aftengeainsed twice in PBS, the slides were blocked Wi BSA
(Gibco U.K) and incubated (overnight) at 4° C wittouse polyclonal CatSperl and CatSper 2 antibddikged
1:100; Santa Cruz, USA) and then with a secondatipady (2 hour, 37 C, 1:100, horse-radish peroxidase anti-
goat, Serotec, Germany). After being washed twicEBS, the immunoreactivity was visualized by DAB:,3
diaminobenzidine) staining. Then the slides weredgally dehydrated through the graded ethanol, isetkin
xylene and mounted with Entellan (Merck, Germaryje control slides, except the primary antibodyjcivtwas
replaced by PBS, were under similar conditions. Thenunohistochemical results were observed by htlig
microscope. The intensity staining was graded akwe; moderate, ++; strong, +++; highly strong;++421].

Statistical analysis
Statistics analysis was performed using SPSS ver2io0 and ANOVA. Post-hoc, Duncan test were udest a
using analysis of variance. P<0.05 was consideggfisant.

RESULTS
Effects of L-carnitine treatment on expression of @tSper 1 protein in the aged and the young male nmeéc

To investigate the effect of carnitine treatment tme distribution of CatSper in the mouse sperm,
immunohistochemistry was performed. CatSperl wasctible throughout the middle piece, the princigate,
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and head of mouse sperm (Figure 1). Similar resudi® observed for CatSper2 protein. The intertditg@atSper
staining in the mouse sperm was quantified as detraie in method. As carnitine treatment progres$sed days
21 to days 28, intensity of signal for CatSperth@ ACT group increased in the middle piece but lwason the
day 35. At Day 21 of carnitine treatment, staininignsity for CatSperl in the YCT group increasedhie middle
piece but staining was weak on the day 28 and alfftere(Figure 2).
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Figure 1. (A-C) Staining intensity of CatSper 1 ad CatSper2 proteins by immunohistochemistry in thehead, middle piece and
principal piece of sperm in the aged and young méwithout carnitine treatment (B-D)

Staining intensity of CatSper 1 and CatSper2 pnstéi the head, middle piece and principal piecepeim in the
aged and young mice following carnitine treatméntall slides, the immunoreactivity was visualizeg DAB

staining.

Effects of L-carnitine treatment on expression of @tSper 2 protein in the aged and the young male nméc

A moderate expression of CatSper2 was found irhtfeal, and principal piece of sperm in the ACT groaghe
day 28 (Figure 3) whereas a strong CatSper2 imneawtivity was detected in the middle piece of sptifrof the
ACT group on the day 28. A moderate signal was eskin the head, middle piece and principal pieceperm
on the days 21 and 35 of the YCT group as compardicat of the control group (Figure 3). No immueexctivity
was observed in control slides in response to iattab with phosphate buffer saline instead of primantibody
(Figure 1).
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Figure 2. Effect of L-carnitine administration on expression of Catsperl protein ifmice testes measured on the days 21, 28 and 35.
Valuesrepresent the mean + SD ( n=12 for each group). ACTAged with carnitine treatment, YCT: Young with carnitine treatment
*P<0.05 compared to control group

# P<0.05 compared to aged carnitine treatment (35 st day)
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Figure 3. Effect of L-carnitine administration on expression of Catsperl protein inmice testes measured on the days 21, 28 and 35.
Valuesrepresent the mean + SD ( n=12 for each group). ACTRged with carnitine treatment, YCT: Young with carnitine treatment.
*P<0.05 compared to control group

DISCUSSION

Our results showed the localization of CatSperginstto the head and the intermediate piece andipail piece of
sperm. Some studies demonstrated that CatSpelinzatere localized only in the principal piece pean tail [6,
8, 22, 23] whereas, CatSper proteins were alscctbetén the mid-piece and head of sperm [6, 23toiding to
their resembling structure, four CatSper proteiesenpredicted to constitute a channel in spernb{B}the different
localizations between the CatSper genes familyfiegdrthe hypothesis that CatSper 1 and CatSpee abably
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responsible for the separate channels of CatSped3atSper 4 [24]. The results of immunohistockamiin the
present study also support this hypothesis.

We also investigated the expression of CatSperdlCGaiSper2 proteins following carnitine treatmeéntthe aged
and young mice, the expression of CatSperl prasemmpregulated on the day 21. While in the agedentie
expression remains high until day 28, it decre@séise young mice and then shows a decreasing.ttaratidition,
in the aged mice, the expression of CatSper2 raatha high level on the days 21 and 35, wheredlseryoung
ones it occurs on the day 28. The expression di@afl and CatSper2 is higher in the aged miceithdre young
mice. The immunoreactivity of CatSper 1 and Cat3jrecreased until the day 28 and then droppeddwastatus.

CONCLUSION

Our results showed that the administration of 50kegnd--carnitine increases CatSperl and CatSperofeins
expression in mice testis; hence, it seems thaarhiine may be useful for treatment of aging sctseand
oligoasthenospermia.
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