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ABSTRACT
Vitamin-D (VD) is known to modulate reproductive processes through the expression of VDR in the male 

reproductive tract. To understand its influence in the initiation of sperm motility in epididymis, VD concentration 
was measured in serum, epididymal luminal fluid (ELF) and sperm cytosolic fluid (SCF) from the caput, 
corpus and cauda epididymis of Large White Yorkshire (LWY) boars (n = 30) of around 3-4 years of age. The 
relationship of VD concentration with sperm motility in epididymal segments was then observed. A progressive 
increase in sperm motility from caput to cauda epididymis was found with highest in cauda followed by corpus. 
Motility was found absent in the caput region. VD levels in serum were positively correlated with spermatozoan 
motility from the corpus (r = 0.819) and cauda (r = 0.961), and this was highly significant (P<0.01). Again, ELF 
and SCF VD levels exhibited a positive correlation with that of sperm motility in the corpus and cauda in the 
respective segments of the epididymis, and this was highly significant (P<0.01). Semi-quantitative RT-PCR 
revealed VDR gene expression in epididymal segments and in sperm from the cauda epididymis in an LWY 
boar. The increase in amounts of VDR transcript (non-significant at P>0.05) from sections of caput to cauda 
epididymis was in concurrence with the increasing concentration of VD from the caput to cauda epididymis 
suggesting the influence of VD in the initiation of sperm motility in the excurrent duct. VD levels in serum 
may also pave the way for the development of specific marker(s) to assist in the prediction and early diagnosis 
of idiopathic infertility in males due to epididymal dysfunction resulting from VD deficiency. This will help 
clinically in improving treatment modalities of this idiopathic male infertility. 
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Introduction 
Spermatozoa produced by the testes are initially morphologically complete yet 

non-functional. They acquire their physiological functions, such as the possibility of 
motility and fertilizing ability as they traverse through the epididymis (Dacheux 
and Paquignon 1980; Robaire et al., 2006). It is the most sequentially modified 
epididymal luminal fluid that brings out the morphological and biochemical changes 
on the surface of the sperm. This is essential in the process of sperm maturation. In 
this process, various bio-molecules, such as enzymes, proteins, lipids, glycoproteins, 
hormones and vitamins are secreted into the luminal fluid from the different regions of 
the epididymis. The epididymis provides a specialized milieu where the sperm plasma 
membrane is modified through interaction with luminal proteins and lipids (Dacheux 
and Dacheux, 2013). 

Among the many important characteristics of the luminal micro-environment/
secretion of the individual epididymal segments, the role of 1,25-dihydroxyvitamin D3 
[1,25-(OH)2 D3] (VD) in the induction of sperm motility of LWY boars has been examined 
in this present study. This area was chosen since hardly any work has been done on this 
species in the field of male reproduction, whether in our country or abroad. Besides, pigs 
provide a good model for biomedical research on humans, as pigs and humans show 
many similarities in physiological, biochemical etc. aspects (Wernersson et al., 
2005) since the evolutionary distance between the porcine and human genomes is smaller 
than that of the mouse and humans.

Besides, considering the fact that the males play an important role in animal 
reproduction and their infertility may affect the entire management practice of a herd, 
early detection and treatment of male infertility is very essential. However, we are only 
capable of diagnosing and treating male infertility of an infectious nature, otherwise a 
valuable animal is culled. On the other hand, idiopathic causes of infertility, that are 
reflected in sperm maturational disorders, are most common in the case of male infertility 
(Sullivan, 2004; Cornwall, 2009) and they often go undiagnosed. Therefore, if 
we can find a relationship between the biochemical constituents of the serum and those of 
the ELF and SCF, the serum levels of these biochemical constituents may serve as markers. 
In that case, any deviation in values from the standard range may help us diagnose male 
infertility. As we can then be certain of the reasons for it, quick and appropriate treatment 
may be administered. 

Therefore, in order to understand the influence of VD in the initiation of sperm 
motility in the epididymis, and for the early diagnosis of idiopathic causes of infertility, the 
present study aimed at finding the relationship between sperm motility in the epididymis 
with respect to the levels of VD in the serum and in ELF and SCF taken from different 
epididymal segments. Further, for the first time, the expression was studied of the VDR 
gene in the reproductive tissues/cells, viz. epididymal tissues, from the caput, corpus and 
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cauda epididymis, and spermatozoa taken from the cauda epididymis of LWY boars, by 
the semi-quantitative Polymerase Chain Reaction (PCR). Their expression levels in the 
tissues were compared in order to ascertain the influence of VD in male reproduction, 
especially in the process of maturation of spermatozoa in the epididymis. 

Materials and methods
Blood samples from each of 30 (thirty) healthy LWY boars, proven to be reproductively 

mature at around 3-4 years of age, were collected from the ear vein on the same day 
before their slaughter. Then the serum was separated, aliquoted, labelled and kept at -20 
°C until experimentation.

Collection and processing of the epididymis. The testes, along with the epididymis 
were collected as slaughter house material (waste) during slaughter from the same 
selected (30) pigs and transferred to sterile containers. Both the epididymes from the 
testis-epididymis complex were separated, their three segments, viz. the caput, corpus, 
and cauda of each, were ligated separately and dissected. Immediately after slaughter, 
tissue samples (approx. 50-100 mg) from one side of the epididymal caput, corpus 
and cauda, and epididymal fluid from the cauda containing mature spermatozoa, were 
transferred to labelled tubes containing 1 mLof Trizol (Invitrogen, USA) for studying 
the VDR gene expression. Further, dissected parts were properly labelled and stored in 
containers with ice-cold 0.15M phosphate buffered saline (PBS, pH 7.4) at 5 ºC in a 
refrigerator until processed. 

Salvaging of ELF and separation of SCF. Epididymal fluids containing the 
spermatozoa from each segment of both the right and left epididymes were obtained 
by mincing the epididymes (Frenette et al., 2002; Hori et al., 2015). The ELF 
from each segment of the left epididymis was used to assess the spermatozoan motility 
(Anonym, 1997) whereas the ELF salvaged from each segment of the right epididymis 
was centrifuged at 4 °C at 700 g for 5 min to remove the spermatozoa (Frenetteet. 
al., 2002). Then the supernatant was again centrifuged at 4 °C at 18,000 g for 20 min 
in order to remove the remaining cellular debris (Wales et al., 1966). The ELF was 
then stored in properly labelled micro-centrifuge tubes. The spermatozoa thus separated 
were then sonicated using an ultrasonicator (Sonics, Vibra-Cell, USA) to separate the 
SCF from it (Vijayaraghavan et al.,1996). The sonicated materials were then 
centrifuged at 4 °C at 16,000g for 10 min (Vijayaraghavan et al., 1996) and 
supernatant containing the total cell lysate were separated and filtered using a membrane 
filter. SCF was carefully aliquoted in properly labelled micro-centrifuge tubes and kept at 
-20 ºC until experimentation.

Estimation of VD in blood serum, epididymal luminal fluid and sperm cytosol. While 
1,25(OH)2D3is the metabolically active form of vitamin-D, the concentration of its 
precursor, 25(OH)D3, is considered to be the best indicator of Vitamin-D status in animals 
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(Arnold et al.,, 2015). These were measured in the serum and ELF, and SCF from 
different segments of the right epididymis following the protocol described by Holick 
(2009) and Bikle (2010) using 25-HydroryVitamin D3 enzyme-linked immunosorbent 
assay (ELISA), Kit (CALBIOTEC, USA). The concentrations of each of the 30 samples 
were then intercepted from the standard curve against their optical density (OD) values.

Semi-quantitative analysis of VDR gene expression in liver, testis, epididymal tissues 
and spermatozoa by RT-PCR and gel electrophoresis. The total RNA was isolated from 
different tissues and cell samples using Trizol® reagent (Invitrogen origin) as developed 
by Chomczynski and Sachhi (1987). Then, first strand cDNA was synthesized 
from DNase I-treated RNA Verso cDNA kit (Thermo Fisher Scientific, USA). Then a 
semi-quantitative PCR was performed to quantify and study the expression of the VDR 
gene, using cDNA as the template and gene-specific primers designed (Table 1). The 
densitometric value of each PCR product was measured using MacBiophotonics Image 
software. Relative expression of VDR mRNA was normalized using the β-actin (ACTB) 
gene as an internal control for each sample. 

Table 1. Gene Transcripts, primer sequences and resulting fragment size

Target Sequence of nucleotide Fragment size (bp)
Βeta-actin 

(ACTB gene)
(S. scrofa)

(Acc. No.-
DQ845171)

Forward: CCTTCCTGGGCATGGAATC 
    (TM = 55.8 °C; 19bp; GC content = 57.9%)

Reverse: GCGATGATCTTGATCTTCATCGTG 
    (TM = 55.9 °C; 24bp; GC content = 45.8%)

 Reverse compliment sequence:
CACGATGAAGATCAAGATCATCGC

amplicon length- 
199 bp

Vitamin-D receptor 
(VDR gene)
(S. scrofa)

(Acc. No.- NM-
001097414)

Forward: GCTTCTTCAGACGGAGCATG
    (TM = 56 °C; 20bp; GC content = 55%)

Reverse: CGTCAGGATGAACTCCTTCATC 
    (TM = 55.1 °C; 22bp; GC content = 50%)

Reverse compliment sequence:
 GATGAAGGAGTTCATCCTGACG

amplicon length- 
152 bp

The reaction was carried out with the PCR mixture of VDR and β-actin (ACTB) 
genes, using forward and reverse primers for VDR and β-actin, in a thermal cycler 
(BioRad, USA). For the amplification of VDR and β-actin (ACTB) gene fragments the 
following thermal cycle (Fig. 1) was used: the PCR reaction was initiated by hot start at 
95 °C for 3 min for initial denaturation, followed by 30 cycles of reaction at 95 °C for 30 
s for denaturation, 55 °C for 30 s for annealing of VDR and β-actin and then at 72 °C for 
12 s. Finally it was extended at 72 °C for 10 min (Fig. 1). The PCR products were kept at 
-20 °C for study of the expression.
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Fig. 1. Protocol for thermal cycle for reaction of the PCR mixture of VDR and β-actin (ACTB) genes

The PCR products were analysed on a 2% agarose gel. The gel was examined by gel 
documentation system and the densitometric value of each PCR product was measured 
using Mac Biophotonics Image software. 

Statistical analysis. All of the data were analysed using SPSS (Windows Ver. 
23) software package (Statistical Package for Social Science). Descriptive statistics 
and General Linear Model (GLM) were used to analyse the data. Pearson’s bivariate 
correlation method was used to find the correlation coefficient. The means were compared 
using Duncan Multiple Range tests (Duncan, 1995). The prediction equations were 
developed using curve fit regression equations. 

Results
Evaluation of spermatozoan motility from three regions of the epididymis. In the case 

of boars, motility is an important indication of spermatozoan maturation in the epididymis 
(Dacheux et al., 1979). Therefore, a subjective evaluation of the spermatozoan 
motility of the samples retrieved from the three different regions of the left epididymis 
(n = 30) revealed that spermatozoan motility was highest in the cauda segment (90.95 ± 
0.80) followed by the corpus (15.82 ± 0.24) and motility was absent in the caput region 
(Table 2; Fig. 2). Analysis of variance (ANOVA; Duncan test) revealed that spermatozoan 
motility in the regions had significant variation (P<0.05) (Table 2). 

VD levels in serum, ELF and SCF from the right epididymal regions. The mean ± SE 
concentration of VD in serum is presented in Table 2 and Fig. 3. ANOVA revealed that 
there were significant differences (P<0.05) in the VD concentrations in the ELF and SCF 
from each of the three segments of the epididymis, however, corpus ELF and caput SCF, 
and cauda ELF and SCF exhibited no significant differences. Serum VD concentrations 
also had significant relative differences (P<0.05) except to cauda ELF concentrations of 
VD (Table 2). 
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Table 2. Spermatozoan motility (%) in ELF; concentrations of Vitamin-D in serum, ELF and SCF 
from different regions of the LWY boar epididymis (n = 30)

Parameters
Blood serum 
(Mean ± SE)

Epididymal luminal fluid (ELF) 
(Mean ± SE)

Sperm cytosolic fluid (SCF) 
( Mean ± SE)

Caput Corpus Cauda Caput Corpus Cauda
Motility  
(%) - 0 15.82  

 ± 0.24a
90.95  

 ± 0.80b - - -

Vitamin-D 
(ng/mL)

45.08  
 ± 2.14b

20.47  
 ± 0.98e

32.67  
 ± 0.97d

47.70  
 ± 1.73ab

28.65  
 ± 1.59d

39.74  
 ± 1.60c

51.38  
 ± 1.31a

a-f - The same superscripts in a given row indicate non-significant differences within the same step (ANOVA-
Duncan test at P<0.05). 

Fig. 2. Spermatozoan motility (%) from different segments of the LWY boar epididymis. Each bar 
represents Mean ± SE (n = 30), significant at P<0.05.

Fig. 3. Concentrations of VD in serum, and ELF, SCF from different segments of the LWY boar 
epididymis. Each bar represents Mean ± SE (n = 30), significant at P<0.05.

Serum VD concentration exhibited a positive relationship with that of ELF and SCF 
from the caput corpus and cauda. It was also positively correlated with spermatozoan 
motility from the corpus (r = 0.819) and cauda (r = 0.961), and this was highly significant 
(P<0.01) (Table 3).
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In ELF, sperm motility in the corpus (r = 0.709) and cauda (r = 0.889) had a positive 
correlation with VD concentrations in the respective segments (Table 3). Further, VD 
concentrations between the segments of the epididymis had a positive relationship. VD 
concentrations in the ELF from the three segments exhibited a positive relationship with 
the SCF from the respective epididymal segment (Table 3). These relationships were 
highly significant (P<0.01).

In SCF, VD concentrations had a positive correlation with sperm motility from the 
corpus and cauda (r = 0.736) and (r = 0.959) (Table 3) and these relationships were also 
highly significant (P<0.01). 

Table 3. Correlation coefficient (r) of VD concentrations in serum, segments of ELF & SCF and 
with sperm motility in the corpus (Cor) and cauda (Cau) epididymis

 
Serum 

VD

ELF 
Cap 
VD

ELF 
Cor 
VD

ELF 
Cau 
VD

SCF 
Cap 
VD

SCF 
Cor 
VD

SCF 
Cau 
VD

ELF 
Cor 

Motility

ELF 
Cau 

Motility
Serum VD 1
ELF Cap VD 0.982** 1
ELF Cor VD 0.960** 0.933** 1
ELF Cau VD 0.951** 0.926** 0.982** 1
SCF Cap VD 0.971** 0.958** 0.912** 0.887** 1
SCF Cor VD 0.946** 0.902** 0.953** 0.925** 0.941** 1
SCF Cau VD 0.980** 0.965** 0.938** 0.932** 0.968** 0.950** 1
ELF Cor Motility 0.819** 0.838** 0.709** 0.669** 0.900** 0.736** 0.834** 1
ELF Cau Motility 0.961** 0.949** 0.900** 0.889** 0.961** 0.940** 0.959** 0.812** 1

** Correlation is significant at 0.01% level (2-tailed)

VDR gene expression in three epididymal segments and caudal sperm
Total RNA isolation and quantification. The yield of total RNA isolated from the 

tissues and cells was good and of high quality. The OD 260 : OD 280 values of each 
sample were between 1.8 - 1.9 and the concentrations varied between (0.8-1) µg/µl when 
measured using a nano-drop2000 instrument (Thermo Scientific, USA).

DNA synthesis and its confirmation. The integrity of first strand cDNA synthesized 
from DNase-I treated RNA was analysed by the already published primer ACTB (Beta 
actin) gene amplification, in 2.0% agarose gel. A single band of 199 bp was visualized in 
each of the tissues and sperm (Fig. 4). 
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Fig. 4. Agarose gel electrophoresis for PCR amplification of Beta-actin gene in Cauda sperm (Sp-
cau), Caput (Epi-H), Corpus (Epi-B), Cauda (Epi-T). Lane 1 to 4: 199 bp PCR product: Lane M: 

500 bp DNA ladder.
Amplification of the VDR gene. Following gradient PCR, the products were run in 

2% agarose gel electrophoresis to check the amplicon length. As expected, a single and 
specific band of 152 bp for the VDR gene was amplified from the cDNA (Fig. 5).

Fig. 5. Agarose gel electrophoresis for PCR amplification of VDR gene in Cauda sperm (Sp-cau), 
Caput (Epi-H), Corpus (Epi-B), Cauda (Epi-T). Lane 1 to 4: 152 bp PCR product; Lane M : 500 

bp DNA ladder.
Gel documentation. The densitometric value was measured using Mac Biophotonics 

Image software and the relative density of VDR with respect to ACBT is presented in 
Table 4 and Fig. 6. Semi-quantitative RT-PCR revealed that VDR transcripts were found 
in similar amounts in all the sections isolated from LWY boars. However, there was no 
significant (P<0.05) measurable change in the transcript abundance with respect to the 
different sections.
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Table 4. Densitometric values of VDR and ACBT genes in all tissues and sperm
Cauda- sperm 

(Sp-cau)
Caput 

(Epi-H)
Corpus 
(Epi-B)

Cauda 
(Epi-T)

Vitamin-D receptor 
(VDR) 43.19 57.96 59.53 66.72

Beta actin 
(ACTB) 104.42 117.89 111.98 113.04

VDR/ACTB 0.41a 0.49a 0.53a 0.59a

a values had non-significant differences (ANOVA-Duncan test at P<0.05). 

Fig. 6. Relative VDR expression of spermatozoa from cauda epididymis and epididymal 
segments- caput, corpus and cauda. Values had non-significant differences (ANOVA-Duncan test 

at P<0.05).

Discussion 
In the present study, sperm motility in LWY boars increased gradually as it travelled 

through the epididymis, except in the caput epididymis where spermatozoa did not move 
at all. This could be compared to the findings of many researchers in different species, 
including bucks (Ranjan, 2012) and bulls (Vijayraghavan et al., 1996). In 
boars, the observations of Oyeyemi and Ubiogoro (2005) corroborated with the 
present study.

The findings suggest that epididymal factors are responsible for the initiation and 
maintenance of sperm motility in boars, similar to the report on bovines by Hoskins et 
al. (1978) and in the case of humans by Nelson (1985). The development or gradual 
increase in the motility of spermatozoa in the epididymis is associated with an increase 
in intra-sperm levels of cyclic AMP (cAMP), which is an essential second messenger in 
sperm physiology (Yanagimachi, 1994). The cAMP was synthesized by a soluble 
adenylyl cyclase (sAC) (Litvin et al.,, 2003). 



178 Vet. arhiv 89 (2), 169-182, 2019

S. Chattaraj et al.: Vitamin D as an important constituent of epididymal luminal micro-environment for 
maturation of spermatozoa in Large White Yorkshire Boar

However, it has been postulated that the changing levels of cAMP are controlled 
either directly or indirectly by the changing levels of polypeptides, ions, lipids, vitamins, 
enzymes and hormones, both in the cases of intra-sperm and within ELF throughout the 
epididymis. VD, then is one of the biomolecules that play a pivotal role in influencing 
sperm motility, exerting indirect control on cAMP levels of spermatozoa (Lindemann 
and Kanous, 1989).

The serum concentrations of VD as obtained remained within the range of data 
reported by Arnold et al. (2015) in boars. Further, a positive correlation between 
sperm motility in the epididymis and VD concentrations in serum was observed, which 
corroborated with the findings of Jensen et al. (2011). He observed a lower proportion 
of motile, progressively motile, and morphologically normal spermatozoa in men with 
vitamin D deficiency (<10 ng/mL of serum VD) in comparison with men with sufficient 
vitamin D status in serum (>30 ng/mL).

The concentrations of VD in ELF and SCF obtained from the caput, corpus and 
cauda increased during transit through the epididymis. In boars, this increase in VD 
concentration in ELF and SCF could not be corroborated well due to the lack of reported 
data. The increase in sperm VD was probably due to the local production of VD since 
25(OH) D3-1, α-hydroxylase was detected in the sperm (Aquila et al., 2009). 

A positive relationship between sperm motility and VD concentrations in ELF and 
SCF from different fractions of the epididymis was also exhibited in the present study. 
Thus an increasing concentration of VD and progressive development of sperm motility 
from the caput to the cauda is indicative of the fact that it might be responsible for the 
increase in sperm motility from the caput to the cauda in the epididymis. 

The exact mechanism of VD in the initiation of sperm motility however is not very 
clear. It is postulated that VD exerts its influence through binding to a Vitamin-D receptor 
(VDR). In spermatozoa, VD exerts its role through the VDR, located predominantly on 
the head/nucleus and mid-piece in human sperm (Aquila et al., 2008). The VDR elicits 
a rapid increase in intracellular Ca2+ concentration through inositol trisphosphate (IP3) 
mediated Ca2+ release from an intracellular IP3 receptor gated calcium store in the neck 
of human spermatozoa (Jensen and Dissing, 2012).

Moreover, VD is an important factor in oestrogen biosynthesis in both female and 
male gonads (Kinuta et al., 2000) as it regulates aromatase (CYP19A1) in human testes 
(Bulun et al., 1993). VD thus has been found to influence the resorption, regulation 
and pH of epididymal fluid (Johnson et al., 1996). Further, VD in human sperm cells 
seems to modulate cholesterol efflux, resulting in destabilization of sperm membrane and 
increased fluidity. This again stimulates the opening of the L-calcium channels and the 
entry of calcium (Foresta et al., 2011). These in turn activate soluble adenyl cyclise 
(sAC) to produce cAMP from ATP. The increased cAMP further activates protein kinase 
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A (PKA) and C (PKC), increasing tyrosine and threonine phosphorylation of proteins 
(Aquila et al.,, 2009).

Hence, the present observation suggests that VD plays a vital role in the regulation 
of many biomolecules, and maintains homeostasis through complex mechanism(s) in the 
epididymal microenvironment, which is essential for sperm maturation. 

Conclusions
On the basis of the above investigation, it may be concluded that the mammalian 

epididymis and its ever changing micro-environmental phenomena, promote unique 
modifications of the male gamete that are necessary for the spermatozoa to become 
fertilizing-competent cells. Besides, the estimation of vitamin D3 from the ELF, SCF, as 
well as VDR gene expressions in the reproductive tissues/cells, is the first of its kind in 
boars. Furthermore, from the clinical point of view, the present findings about spermatozoa 
maturation may pave the way for the further development of specific marker(s) that will 
assist in both the prediction and early diagnosis of male infertility. It will also help in 
improving treatment modalities of male infertility, since epididymal dysfunctions are 
related to cases of idiopathic male infertility.
_______
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Sažetak
Poznato je da vitamin D (VD) usklađuje reproduktivne procese ekspresijom VDR-a u reproduktivnom 

sustavu mužjaka. Kako bismo razumjeli njegov utjecaj na pokretanje spermija u pasjemeniku, izmjerena je 
koncentracija vitamina D u serumu, luminalnoj tekućini pasjemenika (ELF) i citosolnoj tekućini spermija 
(SCF) uzetoj iz glave, tijela i repa pasjemenika nerasta pasmine veliki bijeli jorkšir (n = 30) dobi 3 - 4 godine. 
Promatran je odnos koncentracije vitamina D i pokretljivosti spermija u dijelovima pasjemenika. Uočeno je 
progresivno povećanje pokretljivosti spermija od glave (gdje su mirovali) preko tijela do repa pasjemenika. 
Razine vitamina D u serumu pozitivno su korelirale s pokretljivošću spermija iz tijela (r = 0,819) i repa (r = 
0,961), što je bilo statistički znakovito (P<0,01). Opet, razine vitamina D u ELF-u i SCF-u pokazale su pozitivnu 
korelaciju s pokretljivošću spermija u tijelu i repu odgovarajućih dijelova pasjemenika, što je bilo statistički 
znakovito (P<0,01). Polukvantitativni RT-PCR pokazao je ekspresiju gena VDR u dijelovima pasjemenika 
i spermi iz repa pasjemenika nerasta pasmine veliki bijeli jorkšir. Transkripcija VDR-a (koji nije znakovit, 
P>0,05) iz dijelova od glave do repa pasjemenika porasla je istodobno s porastom koncentracije vitamina D 
što upućuje na utjecaj vitamina D na početak pokretljivosti spermija u odvodnim kanalima. Razine vitamina 
D u serumu mogle bi utrti put razvoju specifičnih markera koji bi mogli pomoći u ranom dijagnosticiranju 
idiopatske neplodnosti u mužjaka uzrokovane disfunkcijom pasjemenika zbog manjka vitamina D. To može 
klinički pomoći u unapređenju modaliteta liječenja idiopatske neplodnosti u mužjaka.

Ključne riječi: Vitamin D; luminalna tekućina pasjemenika; citosolna tekućina spermija; pokretljivost 
spermija; polukvantitativni RT-PCR; gen VDR________________________________________________________________________________________


