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ABSTRACT KEYWORDS
Epididymal sperm maturationisconsidered asanintegral part of the process Bull;
that permits mammalian gamete fusion and formation of the zygote. The Castrated,;
present studies aimed at the identification of sperm maturation proteins Intact;
namely, ER-a, CK-19, AQP-1, and SLPI in the different region (cauda, Epididymis;
corpus, caput) of the normal and castrated bull epididymis by employing Sperm;
RT-PCR and western blot analysis. The study also aimed at understanding Proteins.

theintrinsic role of androgensin regulation of epididymal functions. The
study revealed the presence of ER inall thethree regions of the epididymis.
However, castration caused a significant decrease in expression of ER-a
in caput region and complete down-regulation on corpusand caudaregion
of epididymis. The expression of CK-19 was found to be more or less
equally expressed in al the three regions of the normal bull epididymis.
AQP-1 expression was observed only in the caput region of normal bull
epididymis and there was compl ete absence of itsexpression in castration
bull epididymis. Likewise, SLPI expression was also observed in the
regions of normal bull epididymis. However, it was completely down-
regulated upon castration. Thus, the presence of ER-o, CK-19, AQP-1 and
SLPI in the epididymis of the bull suggests their functional rolein sperm
maturation. Further, the presence of ER-o and CK-19 only in aparticular
region and complete absence of AQP-1 and SLPI in all thethree regions of
the epididymis of the castrated bull was suggestive of dependence of
epididymal function on androgens. Identification of specific markers for
these proteins may pave way for diagnosis and treatment of infertility in
domestic species as well as potential targets in the design of specific
contraceptive medicines.  © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

In cattlebreeding, semen productionisamatter of
utmost importance sincevaueof thebull ismorethan
half of the herd. Hence, bulls shoul d possess superior
seminal characteristics with negligible sperm
abnormalitiesfor optimum fertility. At present, most
breedersempl oy breeding soundnessexams (BSE) as
atest for assessing malefertility status, althoughit has
been opined that the intact sperm motility and its
morphology do not indicate that the sperm has the
complete ability tofertilizethe ova™!. Further, it has
also been put forth that the testicular spermslack the
ability to moveandto fertilize an ovum, postul ating that
they acquire these properties during their passage
through the epididymisi!l. Thus, indicating the
importance of epididymisin sperm maturationand its
fertilizing capacity.

Asapart of the sperm maturation process, ahost
of epididymal proteinsareinvolved in modifying and
tail oring the sperm membrane and itsproteins, besides
mai ntaining afavorableenvironment for theresiding
sperms*2, Metamorphosisof animmatureandimmatile
sperm into a mature sperm capable of progressive
motility and fertility may bearesult of highly regulated
and complex sequential eventsin the epididymig®.
Furthermore, spermatozoaof scrotad mammal spossess
limited biosynthetic activities” and display acrucial
dependenceontheactivity of theepididyma epithelium
for their maturation and survival™. The biochemical
composition of theepididyma fluid microenvironment
exhibits regional variation along the length of the
epididymal duct. This variation results from the
differential absorptive and secretory activitiesof the
epididyma epithelium™,

Increasing our knowledge on spermatozoa
maturation in epididymis would provide specific
molecular markersin order to develop new criteriathat
are more accurate and objective in predicting and
improving malefertility. Hence, the present study was
carried out with the obj ective of identifying the genes
namely, Estrogen receptor-a (ERa) Cytokeratin-19
(CK19), Aquaporin-1 (AQP1) and Secretory
leucocyte proteaseinhibitor (SLPI) expressed inthree
different regionsof epididymisaswell aswestern blot
anaysisof the protein productsidentified for thegenes
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detected. To study the hormonal control of epididymis
function, we have employed intact and castrated bulls.
This approach was selected due to the problemsin
carrying out experimentswith largeanimalsespecialy
monitoring the effects of administration or deprival of
hormones. We have made an attempt to circumvent
this problem by comparing the epididymal gene
expression of intact bull and castrated bullssincethey
areeasly accessiblein thedaughter house. Andysisof
the transcripts from two groups, hitherto provide
va uableinformation on theandrogen regul ated genes
intheepididymis.

MATERIALSAND METHODS

Six proven bulls, Bostaur us (threeintact and three
cadtrated) of 5-6 year old fromtheloca daughterhouse
wereemployed for the present study. The epididymal
samples were surgically obtained under aseptic
conditionsfromthetestis of each of theseanimalsjust
beforedaughter under anesthesa Briefly, theepididymis
was divided into caput, corpus and caudasegments.
Each segment was cut into small fragments, squeezed
with forcepsand washed twicewith 1X PBStorelease
the contents of the ducts.

RNA isolation

Total RNA was extracted from the tissue using
TRIzol reagent (Sigma, St. Louis, MO, USA) which
employsaconvenient Sngle-stepliquid phaseseparation
for isolation of RNA, DNA and protein®. All steps
during isolation were performed according to
manufacturer’s instructions. All RNA used for PCR
experimentsweretreated with RNase-free DNaseto
removeany contaminating DNA.

The primersfor PCR amplification weredesigned
for ERa, AQP1, CK19 and SLPI using the program
Primer Express, Applied Biosystems, USA. Primers
were designed ensuring that the percentage of GC
content of the primersranged between 40-60% with
the Tm ranging from 52-65°C, in most cases. The
primerswere a so subjected to analysisfor formation
of secondary structures, which decrease primer
anneding efficiency. Inaddition, anextensve BLAST
analysiswasperformed to ensurethat the primersdid
not generate mismatch with other gene sequences. The

Hn Tudian Jounual



BTAIJ, 7(9) 2013

S.Nandi et. al.

327

————, FyurL PAPER

primer sequence for ERa, AQP1, CK19, SLPI and
cyclophilinismentionedin TABLE 1.

First strand cDNA synthesis and PCR
amplification

First strand cDNA synthesis was performed in a
cocktail containing 1.5 uM random hexamers (Roche
Molecular Biochemicds Garmarny), 100 unitsof Moloney
murineleukemiavirusreversetranscriptase(MMLV-RT)
obtained from Promega Corporation, Wisconsin,
Madison, 20 units of RNase inhibitor, 1x reverse
transcriptasebuffer and 400 uM dNTPs in a 20 pl reaction
mixture. Followingincubation at 37°C for one hour, the
enzyme was inactivated by heating at 95°C for five
minutes. ThecDNA formed by theRT reactionwasused
for PCRamplificationto andyzetheexpressonof ERa,
AQP1, CK19 and SLPI using gene specific primers.
Simultaneoudy, acontrol without reversetranscriptase
was included to verify absence of non-specific
amplificationresultingfromgenomic DNA contamingtion.

One-tenth volumeof the RT reaction wasemployed
for PCR amplification using specific primers. Primers
used for RT-PCR analyses were synthesized by
Bangalore Genei, India. The PCR reaction mixture
contained 0.4 uM of the forward and reverse primers,
200 uM ofthe NTPs in 10 mM Tris, ImM Magnesium
chloridebuffer (Bangaore Genie, India) and 1 unit of
Tag Polymerase (Bangalore Genie, India). ThecDNA
amplificationsemployed aninitial heating at 94°C for
three minutes, followed by different cyclesof 94°C for
45-60 seconds, annealing temperature for 45-60
seconds and 72°C for 45-60 seconds. The PCR
reactions were performed within the linear range of
amplification for each amplicon (35 cycles) tofacilitate
quantitation. A 12 ul aliquot of the PCR product was

electrophoresed ona1.5% (w/v) agarosegel containing
0.5 pg/ml ethidium bromide in a buffer containing 45
mM Tris-borate-1mM EDTA (IX TBE). Thedifference
inintengities of the productsfollowing e ectrophoresis
was analyzed using EDAS 120 Kodak Gel
documentation system. Theexpression leve of specific
geneproductswasinferred uponintactizing their sgna
intensities to the expression of the internal control
(cyclophilin). The RT-PCR details are compiled in
TABLE 1. Primers used for RT-PCR analyses were
synthesized by Bangd ore Genel, India.

Preparation of protein lysates

Tissuesampleswerewashed extensvely with PBS
(pH 7.4) and homogenized with apolytron homogenizer
inthe presenceof ice-cold buffer (50 mM TrispH 8.0,
150 mM Sodium chloride, 0.02% Sodium azide)
containing 1X protease inhibitor cocktail (Roche
Molecular Biochemicas, Garmany). Protein lysateswere
clarified by centrifugation at 400 g for 20 minutes at
4°C to remove cellular debris. The supernatant thus
obtained, was subjected to brief sonication for 5-7
seconds (25-30 Hz) and then centrifuged at 21400 g
for 30 minutes. The supernatant containing cellular
proteins were supplemented with 10% glycerol and
stored at -20°C. The pellet containing the membrane
fraction (and cytoskeletd proteins) wasextractedin 1%
Nonidet-P40 and 0.5% sodium-deoxycholatefor 1-2
hoursoniceand centrifuged a 21400 g. The supernatant
contai ning membrane proteinswas supplemented with
10% glycerol and stored at -20°C. An aliquot of these
fractionswasemployed for protein estimation by the
method of Lowry*4, All thechemicalsusedfor lysis
were purchased from SigmaChemica Co., St. Louis,
MO, USA.

TABLE 1: List of primersemployed for PCR in bull

Primer Sequence Annealing temp (°C) Product size (bp)

cvaloomlin FP5 CCGCGTCTCTTTTGAGCTGTT 3 e AL
yciop RP5 TCTTGCTGGTCTTGCCATTCC 3

ER. FP5 GGCATGGTGGAGATCTTTGAC 3 . 43
o RP 5 TGGCTCTGATTCACGTCCTCT 3
FP5 TGACTTCCGCACCAAGTTTGA 3

CK19 RP 5 GGCTTTCATGCTGAGCTGAGA 3 61 466
FP5 GTACATCATTGCCCAGTGCGT 3

AQPL RP5 TCATCTCCACCCTGGAGTTGA 3 62 o12

op FP5 TCTTAACAAGTGGACCGCCAG 3 - 481

RP 5 TGAATCTTTCACCGGCAGG 3
s LBioTechnology
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Western blotting was carried out according to
procedure of*9, Proteins (50-100ug) were electro-
phoresed on 10% SDS-polyacrylamide gels and
transferred onto nitrocellulosemembranesusing asemi-
dry transfer method. After completion of transfer, the
membraneswereblocked in 5% non-fat milk in PBS,
pH 7.4 containing 0.025% Tween-20 and incubated
overnight at 4°C with appropriate dilution of the primary
antibody. Membraneswerewashed several timeswith

PBS containing 0.05% of Tween-20 (PBST) to remove
the non-spedifically bound antibodiesand incubated with
the corresponding horseradi sh peroxidase-conjugated
secondary antibody for one hour. Following extensive
washing in PBST, the antigen bound antibodieswere
detected by Enhanced Chemi-Luminiscence (ECL)
detection system using the protocol recommended by
the manufacturers (Amersham Biosciences, UK).
Antibodiesused inthe study arecompiledin TABLE 2.

TABLE 2: List of antibodiesemployed for Western blot analysesin bull

Antibody Source Antibody type DiIutionAofbprimary Dilution (?I\secondary Pr(z}(abna)size
ERu bl 1:100 (Ar}t:is-?;)t?bit) 66
g e Moo v R, @
o g rodnd e e »
SLPI Santa Cruz mgﬁl ondl, 1:100 A r::.tIS?aobobl ) 12

Histological study

Thetissue samplescollected for histologica study
fromthecaput, caudaand corpusregionsof epididymis
of intact and castrated bullswereimmediately fixed and
processed by routine paraffin embedding technique.
Sectionsof four to five micron thicknesswerecut using
Bright Rotary Microtomewith disposableblades. These
sectionswerethen stained withroutinehematoxylinand
eosin method.

RESULTS

Consdering thefact that littleisknown about the
expression of genesin different regionsof epididymis
of bull, the present sudy wasrestricted to genesknown
to beregulated by androgens and estrogens. Castration
results in a drastic decrease in androgen and the
estrogen, since androgensare precursor for estrogens.
It can be seenthat theexpression of cyclophilinmRNA,
when analyzed in parallel for al the genes studied by
RT-PCR, remained unchanged in al threeregions of
the epididymisinintact bull (Figure 1) and caput and
caudaregionsof intact and castrated bull (Figure 2).
Theexpression of cyclophilinwasdrastically reduced
inthe caput to caudaregion of the castrated bull when
compared totheintact bull (Figure2).

BioTechnology —

The ERa was found to be expressed in all three
regionsof thebull epididymis. Theresultsreveded a
decreaseintheintendgty of expression of ERa from caput
to caudaregion of theepididymisinintact bull (Figure
3). Concomitant withthe ERo. mMRNA expression, ERa
protein expression was also observedinal thethree
regionsof theepididymisinintact bull by western blot
analysis (Figure5). The ERo gene expressioninthe
epididymiswasevd uated in the samplescollected from
caput and caudaregion of castrated bull. It can be seen
that the expression of ERo. mRNA inthe castrated bulll
waslessin the caput region, while the caudaregion
showed compl ete absence of ERo mRNA (Figure4).
Further, the western blot analysis for ERa protein
reveded no expressionfor thesameinall threeregions
of castrated bull epididymis(Figure5).

Theexpression of CK19 mRNA wasfoundto be
moreor lessequal inall thethreeregionsof theintact
bull epididymis (Figure6). Similarly, CK19 protein
expressonwasasoobservedinal thethreeregionsof
theepididymisby westernblot analysis(Figure8). The
expression of CK19wasdrastically reducedin the caput
and caudaregion of the castrated bull when compared
totheintact bull. However, dight expression of CK19
MRNA was observed in the caput region but the cauda
region showed complete absenceof CK19mRNA in
the castrated bull epididymis(Figure7). Thewestern
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blot analysis for CK19 protein did not revea any
differenceintheexpression of al thethreeregions of
intact and castrated bull epididymis(Figure8).

The expression of AQP1 mRNA was observed
only in caput region of theintact bull epididymis. There
wasno MRNA expression for AQP1 inthecorpusand
caudaregion (Figure9). The PCR amplification for
AQP1LmRNA incastrated bull epididymisdid not reved
any signd in both caput and caudaregion (Figure 10).

It is well established that SLPI is one of the
androgen regul ated genein epididymisand conversely
thelevel of expression of SLPI wasmonitoredinthe
intact and castrated bull epididymis. It can be seen that
the present study revealed the expression of SLPI
MRNA inall threeregionsof theintact bull epididymis
(Figure 11) and complete absence of SLPI mRNA
expressioninthecaput and caudaregion of thecastrated
bull epididymis(Figure 12).

Caput (+) Corpus (+) Cauda (+) M Caput (-) Corpus (-) Cauda (-)

cyc

E

Figure 1. Expression of cyclophilin (cyc) in caput, corpus
and caudaregionsof intact bull epididymis. M : DNA ladder,
(+) indicatesRT-positiveand (-) indicatesRT-negative.

Caput (+) Cauda(+) Caput(-) Cauda(-) M  Caput(+) Cauda(+) Caput(-) Cauda(-)

cye

Intact
Figure2: Expression of cyclophilin (cyc) in caput and cauda
regionsof intact and castr ated bull epididymis. M: DNA ladder,
(+) indicatesRT-positiveand (-) indicatesRT-negative.

Castrated

Caput () Corpus (+)  Cauda () M Caput(-)  Corpus (-}  Cauda ()

ERa

Figure 3: Expression of ERa in caput, cor pus and cauda
regionsof intact bull epididymis. M : DNA ladder, (+) indicates
RT-positiveand (-) indicatesRT-negative.

Caput () Cauda(+) Caput(-) Cauda() M  Caput(®) Cauda(+) Caput(-) Cauda(-)

ERa

Intact Castrated

Figure4: Expression of ERa in caput and caudar egionsof
intact and castrated bull epididymis. M: DNA ladder, (+)
indicatesRT-positiveand (-) indicatesRT-negative.

Caput Corpus Cauda Caput Copus  Cauda

| s -

ERG (g

Intact

Figure5: Western blot analysisof ERa in thecaput, cor pus
and caudaregionsof intact and castrated bull epididymis.

Castrated
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Caput () Corpus(+)  Cauda () M Caput(-)  Compus(-)  Cauda(-)

CK19

Figure6: Expression of CK19in caput, corpusand cauda
regionsof intact bull epididymis. M : DNA ladder, (+) indicates
RT-positiveand (-) indicatesRT-negative.

M Caput (+) Cauda (+) Caput(-) Cauda(-) Caput(+) Cauda(+) Caput(-) Cauda (-)

CK19

Intact

Figure7: Expression of CK19in caput and caudar egionsof
intact and castrated bull epididymis. M: DNA ladder, (+)
indicatesRT-positiveand (-) indicatesRT-negative.

Castrated

Caput Corpus Cauda Caput Corpus Cauda

CK19 rF =

Intact Castrated

Figure8: Western blot analysisof CK 19in thecaput, cor pus
and caudar egionsof intact and castrated bull epididymis.

Caput (1) Corpus (+) Cauda (+) hits Caput (-) Corpus (-)  Cauda ()

AQP1

|

Figure9: Expression of AQPLin caput, corpusand cauda
regionsof intact bull epididymis. M : DNA ladder, (+) indicates
RT-positiveand (-) indicatesRT-negative.

Caput (+) Cauda (+) Caput(-) Canda(-) M

Caput (#) Cauda(®) Caput(- ) Cauda ( )
TP e i TP LT

AQP1

Intact Castrated

Figure10: Expression of AQPLin caput and caudaregions
of intact and castrated bull epididymis. M : DNA ladder, (+)
indicatesRT-positiveand (-) indicatesRT-negative.

Caput (+)

Corpus (+)  Cauda (+) Caput(-)  Corpus(-)  Cauda(-)

Figure11: Expression of SLPI in caput, corpusand cauda
regionsof intact bull epididymis. M : DNA ladder, (+) indicates
RT-positiveand (-) indicatesRT-negative.

Caput () Cauda(+) Caput(-) Cauda(-) M

Intact
Figurel2: Expression of SLPI in caput and caudar egionsof
intact and castrated bull epididymis. M: DNA ladder, (+)
indicatesRT-positiveand (-) indicatesRT-negative.

Caput () Cauda(+) Caput(-) Cauda(-)

Castrated

Histological study in theintact bull epididymis

Histologically, the caput region of theintact bull
epididymisreved ed numerousductulewhichwerelined
by tall columnar epithdid cdls(principa cells) showing
pseudodtratificationwith nucle placed a differentlevels
in the eosinophilic cytoplasm (Plate 1a). The apical
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portion of the principal cell showed long stereocilia
(microvilli). Inaddition to principal cells, afew basal
cellswhichwere cuboida with round nuclel placed at
the basal region of ductulewerea so observed (Plate
1c). Thelumen of the ductuleswasregularly oval or
circular in appearance and consisted of moderate
amount of sperms. These ductuleswere found to be
surrounded by athin smooth musclelayer and were
separated by connectivetissue.

The corpus region of theintact bull epididymis
revealed dmost similar to the microscopic appearance
of caput region (Plate 2a) except for aslight decrease
intheheight of thelining principal cdls(Plate2c). The
caudaregion of theintact bull epididymisreveded very
large ductules lined by flattened principal cellsand
abundant amount of spermsinthelumen. Thelumen
variedintheshapeand size depending upon theamount
of sperms (Pl ate 3a). The smooth musclelayer around
the ductuleswas comparatively more. Inaddition, many
apoptotic cells with condensed or crescent shaped
nucleus surrounded by ahalo were also observedin

Plate 1: Thecaput region of intact bull epididymisshowing
numer ousductuleswith oval or circular lumen and moder ate
amount of sperms (1a) H&E X 125 and tall columnar
epithelial cellswith long stereocilia (1c) H& E X 500. The
caput region of castrated bull epididymisshowing reduced
ductular sizelined with flattened cuboidal epithelial cells
(1b)H& E X 125andirregular ductulediameter surrounded
with thick layer of proliferative smooth layer (1d) H & E X
500.

Histological study inthecastrated bull epididymis
Microscopicaly, the caput region of epididymisin

castrated bull reveal ed ductuleswith reduced luminal
size, lined by flattened cuboidal epithelia cellswith
basaly placed round nuclel (Plate 1b). Theseductules
were found to be surrounded by thick layer of
proliferative smooth muscle fibers and al so fibrous
connectivetissueininterductular region. Thelumen

Plate2: Thecorpusregion of intact bull epididymisshowing
numer ousductuleslined by columnar epithelial cellswith
smooth musclelayer (2a) H& E X 125 and reduced height
lining theductule consisting of moder ate amount of sperm
mass (2c) H& E X 500. The cor pusregion of castrated bull
epididymis showing irregular shaped ductules and thick
smooth musclelayer (2b) H& E X 125 and reduced ductules

misshowing
ductulesof larger szewith cuboidal epithelium and abundant
amount of sperm massin thelumen (3a) H& E X 125 and
presenceof apoptoticcdls(3c) H& E X 500. Thecaudaregion
of castrated bull epididymis showing thickened smooth
musclelayer and eosinophilicfluid inthelumen (3b) H& E X
125 and flattened epithelium (3d) H& E X 500.
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revealed compl ete absence of sperms (Plate 1d).

The corpusregion of the castrated bull epididymis
reveal ed similar microscopic appearance of the caput
region (P ate 2b) but smooth muscleproliferation around
the ductule was comparatively more when compared
to caput region (Plate 2d). The cauda region of
castrated bull epididymisreved edlarge ductuleswith
darkly stained flattened epithelium, surrounded by
marginally increased smooth musclefiber layer and
abundant amount of interductular connectivetissue(Plae
3b). Thelumen of theductul e showed absol ute absence
of sperms that was found to be replaced with
eosinophilicfluid (Plate3d).

DISCUSSION

Epididymis, being acomponent of excurrent tract
of thema ereproductivesystem, isinvolved in various
physiological processesincluding sperm maturation.
Epididyma functionisaso regulated by variousfactors
at both thegeneand proteinlevel. Among thevarious
factors that are regulating epididymal function,
androgens have been clearly established asplaying a
key regulatory rolein the synthesis and secretion of
Specificmol ecul esassoci ated with sperm maturationand
storage’®. Inview of this, the present study wastaken
up to envisage the presence and role of sperm
maturation proteinsviz., ERa, CK19,AQP1land SLPI
in bothintact and castrated bulls.

Themacroscopic appearance of drastic reduction
ingzeof theepididymis(Plate4) in castrated bull when
compared tothesameinintact bull indicates atrophic
changes. Thiscould be probably dueto the absence of
blood supply tothetesticleaswell astotheepididymis
and the absence of androgensin the castrated bull.
Therole of ERa has been exemplified by the work
conducted in Estrogen Receptor apha knock out
(ERaKO) animas. Themost remarkable effect of loss
of theERa functionwasattributed to fluid accumulation
|eading to abintact dil atation of the excurrent ductsin
the ERaKO micel, Likewise, in-vivo studies
conducted by employing antiestrogens such as
tamoxifen (non-steroidal agent) and ICI 182780
(steroidal agent) werea so shown to down regulatethe
expression of ERa inrat and bonnet monkeys'. Hence,
theexpressonof ERamRNA (Figure3) and ERa protein

————, FyuLL PAPER

(Figure5) inthe caput, corpus and caudaregion of the
epididymisasevidenced in the present study, suggests
thepossibleroleof ERa inregulating fluid absorption,
ion and protein concentration in theepididymal fluid,
sperm motility and its maturation in the epididymis of
intact bull. Further, in the present study, adecreasein
theintensity of expression of ERa from caput to cauda
region (Figure4) may be dueto thefact that first two
segments of the epididymisthat are concerned with
sperm maturation in the presence of sperm maturation
proteins. Thiswasatributed to secretory and absorptive
functions, whereasthetermina segment isengagedin
sperm storage®®. Further, in the present study, the
expressonof ERa proteininthecgput, corpusand cauda
region of the bull epididymisby western blot analysis
wasdoneus ngantibodiesraised againg rat ERa protein.
Hence, it isof the opinionthat thewestern bl ot results
need further confirmatory sudiesusing antibodiesraised
specificaly against bull ERa protein. Likewisg?,
observed adecreaseintotal protein, RNA and DNA
content in theepididymisfollowing orchidectomy. He
also opined that the RNA expressioninthe caput and
caudaepididymiswasdifferentialy affected® reported
a decline in the transcripts of severa genesin the
epididymis, confirming that androgens play an essentia
rolein epididyma function. In the present study, it was
also observed that theintensity of expression of ERa
MRNA inthecaput region of intact bull washigher than
that of the samein the castrated bull which indicates
that thisproteinisregulated by androgens. Further, the
absence of any expression of ERa mRNA inthecauda
regionaswe | asERa proteinin caput, corpusand cauda
region of theepididymisof the castrated bull indicates
that thisproteinisandrogen dependant.

The presence of CK19 mRNA (Figure 6) and
CK19 protein (Figure8) inall thethreeregionsof the
epididymisintheintact bull isprobably because CK19
isductal epithelia cell specific protein. It hasa so been
postulated that CK19 has a predominant role in
secretory tissuesincluding epididymisin anchoring
severd apicaly placedion exchangersand proteing*®.
Further, CK19 being expressed moreor lessin equal
intensitiesinall thethreeregionsof theepididymisis
suggestiveof itsroleasan essentia cytoskeletd protein
irrespectiveof theregion. However inthe present study,
theidentification of CK 19 protein by western blot was
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doneusing antibodiesraised for rat CK 19 andthesame
needs further confirmation with antibodies raised
specificaly for bull CK19. Inthe present study, it was
observed that the intensity of expression of CK19
MRNA inthecaput region of intact bull washigher than
that of thesamein the castrated bull (Figure 7), while
thesamewasfound to becompletdly absent inthecauda
region of thecastrated bull. Thisresultisin conformation
with the reports of281" suggesting that these proteins
are down regulated in the absence of androgens.
Surprisingly, CK19 protein expression was observed
tobepresentinall thethreeregionsof theepididymis
of the castrated bull (Figure8). Thismay beduetothe
homol ogy of therat CK 19 antibody with some other
protein of the bull epididymis. Hence, it issuggested
that the sameneedsfurther confirmationwith antibodies
raised specifically for bull CK19.

The present study revea ed theexpression of AQPL
MRNA only in the caput region of the epididymis of
intact bull, while no expression was observed in the
corpus and caudaregion of theepididymis (Figure 9)
suggesting that AQP1 existsin caput region of theintact
bull, probably to helpin fluid reabsorption process as
suggested by!*”. The absence of AQPL expressionin
corpusand caudaregion probably could bedueto the
fluid reabsorption processinthisregion being taken up
by other isoformsof thisprotein anditsregulatorsand/
or due to the presence of various other water
channeld*®l. The AQPs are said to be regulated by
hormones and other factorg®. In this context™”, has
reported that tamoxifen, an antiestrogenic agent,
sgnificantly reducesthe expression of AQP1 in caput
region of rat and bonnet monkey epididymis. The
present study revealed complete absence of an
expression of AQP1 mRNA in the caput and cauda
region of castrated bull epididymis(Figure10). This
absence of AQP1 expression suggeststhat AQP1 is
androgen dependent and requireandrogensto maintain
their intact levelsof expression.

Thepresenceof SLPI inthemammdian epidydimis
to date has been reported only intherats®. Cadamone
et a.[*" reported copious amount of elastase in the
semen sampleof genita tract infected mae. Further, it
isalsoreported thet elastase couldinhibit sperm motility
and SLPI hasinhibitory action on el astase and restore
the sperm motility. Thisindicates that the protease-
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inhibitory function of SLPI was necessary for sperm
motility and in turn on its maturation capacity. Apart
fromthis, it wasa so opined that SLPI hasantimicrobia
activity™, In view of this, the SLPI transcript was
sudiedinthebull epididymisand it wasfoundto express
indl thethreeregionsof theintact bull epididymis(Fgure
11) indicating that it doeshave arolein sperm maotility
inthebull epididymis. Further, the present study also
reveal ed completeabsenceof SLPI mRNA expression
inthe caput and caudaregion (Figure 12) of castrated
bull epididymis. This absence of SLPI expression
suggests that it is a'so androgen dependent and/or
requires androgens to maintain the intact levels of
expressionintheepididymisof thebull.

Themicroscopic Smilaritiesobserved betweenthe
caput and the corpusregion of thebull epididymiscould
be probably because both these regions are mainly
involved inthesecretory and absorptivefunction®. The
caudaregion of intact bull revea ed abundant amount
of permsinthelumen suggesting itsstorage function®.
The presence of gpoptotic cellswithin thelumen of the
epididyma duct suggeststhe spermiophagy function of
the caudaepididymis. The spermiophagy function of
the caudaregionshelpsinqudity control of the sperms,
preventing mis-shgpen, geneticaly abintact spermsfrom
entering the g aculate™®. Thereisabundant increasein
the interductul ar connective tissue of castrated bull
epididymiscompared tointact bull epididymis. Hence,
fromthisstudy it isof the opinion that further studies
could befocused onidentifying specific markersfor
these proteins that may pave way for diagnosis and
treatment of infertility in domestic speciesaswell asin
thedesign of specific contraceptive agents.

Theexpression of ERa mRNA and ERa proteinin
thecaput, corpusand caudaregion of theepididymisin
the present study, suggeststhe possibleroleof ERa.in
regulating fluid absorption, sperm motility and its
maturation in theepididymisof intact bull. It wasa so
observed that theintensity of expression of ERou mRNA
inthe caput region of intact bull was higher than the
cadirated bull whichindicatesthat thisproteinisregulated
by androgens. Further, the absence of any expression
of ERa mRNA inthecaudaregionaswel asERa protein
in caput, corpusand caudaregion of the epididymisof
thecastrated bull indicatesthat thisproteinisandrogen
dependant.
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The presence of CK19 mRNA and CK 19 protein
inal threeregionsof theepididymisinintact bull is
suggestiveof itsroleasan essentid cytoskeletd protein.
The present study reveal ed the expression of AQP1
MRNA only in the caput region of the epididymis of
intact bull, while no expression was observed in the
corpusand caudaregion of theepididymissuggesting
that AQPL1 probably may help in fluid reabsorption
process. The present study reveal ed complete absence
of an expression of AQP1 mRNA in the caput and
caudaregion of castrated bull epididymisindicating that
AQP1 isandrogen dependent.

The presence of SLPI in al threeregions of the
intact bull epididymisindicatesthat it doeshavearole
insperm motility intheepididymis. Further, the present
study a so reveal ed compl ete absence of SLPI mRNA
expressioninthe caput and caudaregion of castrated
bull epididymis. This absence of SLPI expression
suggeststhat it is also androgen dependent. Further
studiesarerequired on identifying specific markersfor
these proteins that may pave way for diagnosis and
treatment of infertility in domestic speciesaswell asin
the design of specific contraceptive agents.
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