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ABSTRACT

The studies presented in this thesis were designed to elucidate whether the
abundance of ovulatieimducing factor/nerve growth factoD(F/NGF) in alpaca semen can
be used as a biomarker to predict male fertility. The neurotro@iR/NGF has been
identified in camelid, cattle and human semen. It is only in camelids, however, that an
ovulatiorrinducing role forOIF/NGF has been described. The information gathered from
several studies clearly demonstrate that this protein is thelss responsible for initiating
the ovulatory cascade in camelids. addition, ntramuscular administration @IF/NGF
resulted in a dosdependent response in terms of ovulation ratepus luteum(CL)
lifespan, luteinizing hormone L(H) and progesteran secretion.l hypothesized that the
guantity of OIF/NGF differs among male alpacas and this abundance arbitrates ovulation
and pregnancy rates as well@k formation and function. To substantiate this hypothesis,
the following questions were answered: cBn OIF/NGF in alpacasemenbe quantified
using a radioimmunoassag) does the concentration and total abundand®IBNGF in
alpaca semen vary within and among male ejaculateghdj is the glandular source of
OIF/NGFthat contributes to the male ejdate 4) is OIF/NGF concentration or abundance
related to parameters associated with male fertility; 5) @R/NGF concentration ototal
abundancen the ejaculateliscriminate fertile and subfertile males using both retrospective
and prospective appaches; ané) can powemDoppler ultrasonographye used to assess
the luteotrophic effect of OIF/NGHn tissue vasculature of the developing Gld?scovered
that the source and the amount@if/NGF varies among species. llmamas OIF/NGF is
produced I both the corpus and disseminatertpns of the prostate glandn rats,

OIF/NGF was detected itestis interstitial cells and in the lumen of the coagulating gland



(anteriorprostate) Ovulationinducing factoiNGF secretion bythe ampullaeand vesicula
glands contribute to its preserein bull (cattle and bison) ejaculatesn elk and white tail
deer,OIF/NGF was detected in the ampudland prostate glands, respectively. To gain an
understanding of the abundanceQf/NGF in ejaculates and changesits concentration
within and among malesOIF/NGF levels in semen were quanéfl using the
radioimmunoassayThe assay developed exhibited parallel displacement curves among
recombinantNGF, OIF/NGF purified from llama seminal plasma, llama and bchttle)
seminal plasma. Ovulatienducing factodNGF comprised a greater percentage of the total
protein found in caneE ejaculates than in cattleOvulationinducing factomNGF
concentration correlategdositively with sperm concentration and negativeith pH and
semen volumewhile total abundance oDIF/NGF was related to total prostate area and
OIF/NGF concentration. Although a correlation was found between sperm concentration,
neither OIF/NGF concentratiomor total abundance was associated witthérgovulation,
pregnancy or live birth rates. A clear association of the quantity of OIF/NGF in the male
ejaculate at breeding and CL form and function wasenatent The measurement of CL
vasculature by @wver Doppler ultrasonography however, was able to determine
nonpregnancy iralpacas earlier thathe assessment of changes @GL diameter In
summary,my results did not suppotthe hypothesis that the measurementQF/NGF
concentration or total abundance in alpaca senaerbe used to predict felity in male

alpacas.
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1.0 GENERAL INTRODUCTION

The stimulus or manner by which ovulati@mduction is initiatedare thecriteria used to
differentiate spontaneous fromeflex-induced ovulators [1]. While both mechanisms of
ovulation are dependent on the luteinizing hormone (LH) surge, the trigger for LH release is
different. Spontaneous ovulation occurs when the negative effect of progesterone is removed and
an increasen estradiol levels generate a positive feedback to the hypothalamus causing an
immense release of GnRH which then evokes a surge of LH secretion from gonadotrope cells.
This cyclic process is observed in human and nonhuman prif@abésnd most of our domestic
animals including cattle, ewe, pigs and hoigd9]. In reflex ovulators, stimuli associated with
mating are responsible for the initiation of the preovulat@scade. By definitionteflex
ovulation is brought about by afferent impulses from the genitalia, eyes, ears and nose that
converge on the ventral hypothalamus and provoke an ovuatituting release of LH from the
pituitary [11]. The complexity involved in understanding the physiology of reflex ovulators is
caused by the variety of factors associated with breeding and the differential response on ovarian
activity among species. For example, in alpacas, nmgsion was thought to be required for
ovulation in femaleg12]. A more recent study showed that manual stimulation of the female
tract did not cause ovulation; abrasion of the endometrial lining and deposition of seminal
plasma, however, induced an ovulatory respofist. Along with intromission, sensory
stimulation caused by treading of t he mal eds
stimulation from humming sounds emitted by the male were not triggers for ovulation in these
animals[12]. In the koala, glass rod stimulation of the cervix was associated with CL
formation nor progesterone secretidd]. On the other hand, it is common exhary practice

to mechanically induce ovulation in domestic cats displaying signs of edttbjysand in



ovariectomizederrets, stimulation of the vagina and cervix in the presence of a male increased
LH levels in circulatior{16]. Rabbits and cats appear to be more sensitive to external stimuli for
ovulation induction. Doeg17] and queend18] ovulated when housed together and this
observation suggests that males do not provide a distinctive stimulus that is required for
ovulaion.

Several hypotheses have been proposed to explain the evolution or benefit of different
reproductive strategies. The most prevalent theory suggests that-mdticgd ovulation is the
primitive form, and due to various selection pressures, spontamolation evolved. In support
of this hypothesis, induced ovulation is seen in primitive Ordasgctivoraand Rodentia[l,
19-21], as well as the Infracladdarsupialia which includes the koala and grey shiaited
possum14, 22, 23] Different from moshonmammalian species, the +&ided garter snake has
also been shown to ovulate with matifig 24]. No clear discernibl@atterns, however, have
been established using phylogenetic constructs to shed light on evolutionary trends of ovulation
[25, 26] Instead, it appears that induced ovulation evolved multiple times within individual
species which novides an explanation as to why there is not one strict copulatory stimulus
conserved to all induced ovulatdia/7]. The observation that mating, genital stimulation and
seminal plasma can influence female physiology within unrelated species, supports Gonaway'
opinion thatthe phenomenon of induced ovulation spans throughout most Orders and should not
be considered as an opposition of spontaneous ovulation, but rather both traits should be viewed
as two extremes of a single continufa@]. This notion was later agreed upon and acknowledged
thatall mammals expressomedegree of induced ovulatiggd9, 30]

Induced ovulation may be related to major population fluctuati@is 32] The

synchrony of male and female gametes improves the likelihood of fertilization, thereby



promoting a rapid recovery fno low population level§31, 32] Animals which display confined

or solitary behaviours would also benefit from induced ovulation. For instance, if contact
between males and females is scarce and if ovulation occurwifalonating, then the chance

of pregnancy would then be maximiz@d, 33]

A protein that has further complicated our understanding of induced ovulation is the
neurotrophin, nerve growth factor (NGF). In 1986, Rita LeviMontalcini received the Nobel
Prize for the discovery and demonstration of importance of this 26 kDa homodimer protein in
nerve development and maintenaf®&37]. Elucidation of its role in ovulatiemduction and in
camelidreproductive physiology has only begun. In camelids, one of the earliest known studies
which alluded to a purpose for seminal plasma beyond sperm transport and capacitation was
done approximately 30 years ago. Chen et al., obdeimat the administration of seminal plasma
could elicit an ovulatory response and luteal development in the Bactrian [@8heht that
time, it was unknown that this ovulam-inducing factor (OIF) driving this phenomenon was
nerve growth factor (NG9, 401 F or -&GFaof serinal, plagenorigin will be referred
to as OIF/NGF throughout the thesi$us far, OIF/NGF has been detected in the ejaculate of
camelids[39-41], cattle[42-44], horsed43, 45] ram[43], rabbits (unpublished), and mgt6].

The conservation di-NGF in the semen of males whose related females are classic spontaneous
ovulators (i.e. cattle, mare, sheep, and women) confers the biological importdnbiséfand
postulates its involvement with andrology and male fertility.

Administration of OIF/NGF induces ovulation in camelids by triggering LH secretion
(reviewed ip47]). Ovulation occursboth with the use of seminal plasma from related and
unrelated specigg2, 45, 48] In llamas that fag@dto ovulateafterseminal plasma treatment, an

increase in LH pulsatility was observgtb]. The effect of OIF/NGF depends on the route of



administration and the amount giy&8, 4951]. While intramuscular and intravenous
administrations arenosteffective for ovulationinduction in most if not all llamas, intrauterine
deposition of seminal plasma requires a significantly higher dosechieve a similar
responsp0]. In an earlier study, trauterine administration of seminal plasma was only
effective in eiciting the ovulatory responsghen the uterine lining was abradl&8]. Curettage
of the uterine lining facilitates absorption of seminal plasma im®tato circulaton and is most
likely the method that occurs during natural matimbis dependencyn dose to trigger LH
secretion, ovulation and CL formatitvas been reported in vivo [49, 50]andin vitro [52, 53]
studies

A luteogenic effect of seminal plasma has been observed in a variety of unrelated species.
Using the llamain vivo bioassay, corpus luteum formation was observed after intramuscular
treatment of seminal plasma from bovine b(#I&], bucks[54], stallions and boargl5]. In
cattle, a luteotrophic effect ofOIF/NGF or bovine seminal plasma has also been
characterizefb5, 56] and in prepubertal gilts, transcervical treatment of seminal plasma
produced heavier corpora luteum and higher concentration of proge§i&ioria addition,
ovarian weight was significantly greater in mice given seminal plasma in comparison to those
treated with salings8].

The following literature review provides general information about the reproductive
physiology in camelidén the context of reflexnduced ovulatorseind our current understding

of the role of OIF/NGF in semen.



1.1 Reproductive physiology in male camelids

The extant members of theéamelidaefamily encompasses both the larger old world
(Camelusbactrianus (two-humped) andCamelusdromedarius(onehumped))and new world
(Lama glama(llama), Lama pacog(alpaca),Lama guanicogguanaco) and/icugna vicugna
(vicuna)) specid89]. At birth, both male testicles are fully descended and spermatozoa can be
observed in the lumen of semimibus tubules at approximately two years of g 60]
Puberty is associated with an increase testis diameter, dmgutastosterone concentration,
spermatozoa in the lumen of seminiferous tubules and the obliteration of preputial adhesions to
the penis[61]. Camelids have one of the smallest testes:body size ratio among other livestock
animals ( 0.020.03%of total body weighf{62]) which is believed to contribute to the low sperm
conentration found in ejaculatg®9, 63] The duration of spermatogenesis in camelids is
approximately 60 days and is continuous throughout the[§éhrThe seminiferous epithelium
can be divided into eight distinct stages with progenitor spermatogonia and Sertoli cells in
contact with the basal lamina while more matelts are found towards the lumf@a, 65] Like
other domestic animals, spermatogenesis is influenced by stress induced by ption,nut
physical injury, and environmental chang@6]. High environmental temperature was
associated with seminiferous tubule matfation and a reduction in sperm concentraf®r.

Similar to other livestock animals, the epididymis is the sperm reservoir. In camels, sperm w
most abundant in theorpusof the epididymis (3 x 1), followed by thecauda (2.2 x 10°), and

was less abundant in tleapu{68]. The accessory genital organs in camelids include paired
ampullae, dorsatorpus and disseminateportions of the prostate,and paired bulbourethral
glands [69]. The size and secretory activity of these glands were shown to increase WitQ]age

Llamas and alpacas can breed year round but in the Andes, semen characteristics vary

with season. While no difference was observed in sevodume, sperm motility or sperm
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viability, ejaculates obtained in winter had a greater sperm concentration and less sperm tail
abnormalities than those collected in sumi]. In South America, the breeding season
corresponds with foraggrowing weather to optimize breeding managenfé®} and typically

occurs between December and March, but has bpentee as early as November and as late as
May [63, 7275]. Similarly in China, the breeding period begins at the end of December, when
daylight periods are longer and the temperature is low, unti#Aprd [38]. This period was
associated with higheplasma testosterone concentration and greater testes diameter in vicuna
[76]. In contrast, the summer season was associated with poor libido, lower testosterone
concentrabns and a reductiin seminiferous tubule diameter and spermatogenesis in camels
[77, 78]

Camelids ejaculate continuously throughout copulation and are often referred to as
'dribble’ ejaculators [79, 8Q. During intromission, the male moves his pelvis forwards and
backwards, a process reported to last anywhere fror853minutes depending on the species of
camelid [73, 81, 82] Urethral pulses monitored by digi palpation[80] or transrectal
ultrasonographyi79] were found to occur throughout the copulation period.

Semen collection in camelids has been attempted by electroejacylétiprartificial
vagina[83, 84] intravaginal condon62], intravaginal spongg85], and vaginal aspiration pest
mating [62]. Of all theg methods, electroejaculation and artificial vagina are most frequently
used. Irrespective of the method, great variation has been observed in ejaculates collected within
and among mald31, 83, 86]

In addition to low sperm motility and concentration, camelid ejaculates are highly
viscous. Mucin 5B appears to be the principle factor responsible for viscosity in camelids as a

correlation between its concentration and semen viscosity was found in al@@caSemen



viscosity can liqguefy on its own or with the use of hydrolytic enzymes such collagenase,
fibrinolysin, hyaluramidase and trypsin[88, 89] Of all enzymes, collagenas#id not impair

sperm motility or viability{89].

1.2 Ejaculation as a nervous reflex

Ejaculation is a spinal reflex that requires the cooperation of sympathetic,
parasympatheatiand somatiénnervation. Stimulation of thBypogastric and splanchnic nerves
is required for seminal emission and closure of the internalrateadhfice [90]. Innervation of
male reproductive tissue originate frdhe pelvic, synpathetic chain, mesente@nd dorsal root
glanglia[91-94]. Ejaculation is defined as the expulsion of seminal fluids through the urethral
meatus and can be divided into two distinct processes: emission andi@xf5]. Emission
incorporates smooth muscle contractions to simulate the secretion of seminal fluids from
glandular epitheliae into the pelvic urethf@]. The coordinatedporocess ofemission is
dependent on the closure of the neck of the bladder, contraction of seminal vesicles, prostate and
bulbourethral gland, followed by contraction of the ductus deferens and epididymides. After
emission, the seminal fluid in the proximal urettga@xpelled out of the urethral meatus by the
process of ejaculation. Expulsion of semen uses sympathetic and somatic nervous stimulation for
rhythmic contractions of striated perineal muscles, primarily the bulbospongiosus [Agcle

The importance of an intact nervous system on male reproductive potential is best
illustrated inmenwith spinal cord injuries. A dysfunction in the ejaculatory mechanism and poor
semen quality result from spinal lesions and the sevesityependent on the location of the
injury and the degree of damaf@#6]. The lumbagacral region of the spinal cord is the control

center for ejaculation. This is best illustrated by the ability of vibratory stimulation to induce



ejaculation despite spinal cord lesif8g. The ejaculates from men withspinal cord injury are
inferior in comparison to thoseollected from normal men in terms of semen volume, sperm
motility[96, 98] and morphologyf98] while sperm concentration has been reported as normal
[98-100] or low [96]. Some of these aberrations in sperm parameters may be tleggense of

factors in seminal plasm@he supplementation of seminal plasma from injured men to sperm
taken from normal men impaired sperm motility within five minutes of addiftb®i).
Correspondingly, adding normal seminal plasma to sperm collected from injured men rescued
sperm motility within five minute§l01]. Furthermore, germcollected from injured men at the

level of the ductus deferens had a higher motility and viability in comparison to ejaculated sperm
while no difference was reported in normal males between ejaculated and aspirated sperm from

the ductus defere[i2].

1.3 Seminal plasma and fertility

The male accessory genital glands vary considerably in terms of topographical location,
size, morphology and secretion$ish collectively reflect the diversity of their contribution to
male reproduction and the speeggecific requirements for fertility. The importance of male
accessory genital glands is highlighted whenever there is a loss of their functionality either by
surgical removal103-105] or infection[106, 107] In rats, pegnancy rates were lowered when
the seminal vesicles, dorsal ancntral prostates were remoy2d8]. Ablation of the
coagulating gland had no effeah pregnancy rates and litter sidecreaseanly with seminal
vesicle removdl08]. In another study, theb#aton of the ventral prostate had no effect on
fecundity but the removal of the dorsalateral lobes of the prostate or seminal vesicled induce

complete infertility203]. The removal of seminal vesicles in the house mouse caused a reduction



in pregnancy rate and birthing interval, while the average litter size washanged; sperm
collected in the uterus had lower progressive motility than sham operated 108les

In thegolden hamster, the removal of accessory glands had no effpotgmancyates
but delayed embryo cleavage and impaired implantation approximately four days post coitus
[104]. In addtion, pups born from breedings with males without accessory genital glands
displayed abnormal traits such as abnormal physical growth, accelerated acoustic startle, more
frequent rearing and premature cessation of nest patch odor prefgkg@feche removal of the
ventral prostate reduced pregnancy rates but had no influence on litter size in the golden hamster;
in litters born from seminal vesicle ablation, more males were born intégL05].

The effect of seminal plasma on sperm motility is controversial. Lower seminal plasma
concentration was associated with better sperm motility in stallions withingool after
cryopreservatiorj111, 112] Removal of seminal plasma by centrifugaticefdoe longterm
cooling improved sperm motility in the ealates from stallions that hgubor tolerance to
cooling and storage; the removal of seminal plasma by centrifugation in ejaculates with a
superior tolerance to cooling did not improve sperm nip{ili13]. In contrast, others report that
the presence of seminal plasma during cooled storage did not impair sperm motility but it did
cause increased DNA damddé44]. In addition, the removal of seminal plasma had no effect on
sperm motility after cooled storage and that total sperm ityatihs reduced after storage in the
absence of seminal plasnibl5]. The removal of seminal plasma was beneficial to maintain
spermplasma membrane integrity on fresh and cooled semen which was evident by the hypo
osmotic swelling testLl15]. Seminal plasma colt¢éed from males of the same specdgesot the
same. The addition of seminal plasma from stallions with high-thast viability to

spermatozoa before freezing significantly increased sperm matlléy The addition of seminal



plasma from stallions with low petttaw sperm motility to spermatozoa reduced sperm motility
in relation to extendeonly controls[116]. Seminal plasma fronbull cattlewith above average
fertility improvedfertilization cability usingepididymal spernwhile no benefit was observed
when seminaplasma from bulls of lower fertility was usgdlL7].

The role of seminal plasma protsion male fertility has been investigated in a variety of
species. The comparison of seminal plasma protein profiles in Holstein bulls that were
categorized in terms of fertility showed two proteins were present at a higher concentration in
more fertile bils [118]. These two proteins were later identified as lipoebjipe prostaglandin
D [119] and the phosphoprotein, osteoporfi0]. Osteopontin secretion was localized in the
lumen ancepithdial cells of the seminal vesicle and ampyll21]. Osteopontin is conserved in
the seminal plasma of other domestic animals. While osteopontin concentration was positively
correlated with fertity in stallions[122], a negative correlation was observed in bor23].
Osteopontin appears to regulate sperm binding and zona penetration and prevents early
capacitation of epididymal sperm. In boars, the addition of increasing doses of osteopontin
reduced polyspermy ratesimvitro trials but had no effémn sperm maotility or viability124].

In addition to osteopontin, other proteins have hdentified as potential biomarkers to
predict fertility in stallions. Total protein content in the ejaculate was negatively related to first
cycle conception rat§l25]. Enzymes found in the ejaculate including malate dehydrogenase
fumar at e Jenoldse, aihyarslipoamidé dehydrogenase and citrate synthase were all
positively related to first cycle conception rd25]. The secretion patterns of six seminal
plasma proteisn change with fertility. Seminal plasma that contained less IGF1 content was
associated with the most fertile stallions. Four different isoforms of PLUNC (palate, Iuhg, an

nasal epithelium)associated proteins were negatively related to IGF1 concentrations and had a
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positive relationship with first cycle conception rate in seminal plgs?sh Clusterin was
associated with IGF1 conceations and was negatively associated with fertility. Kallikie?
was also present in two different isoforms eatlhich had a negative and positive relationship
with overall pregnancy ratg425]. Seminal plasmarptein (SP) 1 and 2 were both negatively
associated with first cycle conception rates. A cystettesecretory protein 3 (CRISP3) was the

only seminal plasma protein to have a positive association with first cycle conceptipR5hte

1.4. Reproductive physiology ramelids and other reflex ovulators

All camelids are induced ovulators and as such, do not have an estrous cycle.
Consequently, this makes it difficult to determine sexual maturity. In alpacas, ovanomh
was detected as early as 10 months of[&86] and can be bred at 4121 months of ag72].
Body weight has also been used as an indicator of puberty: llamas and alpacas weiglitg 50
thar final body weight demonstrate signs of sexual matufit7, 128] In spite of these
observations, in Peru, llamas and alpacas are notumtddhey reach 2 to 3 years of afi®,

128].

1.4.1 Follicular phase

Camelid ovaries are in a constant state of follicular proliferation and regr¢s4id?9
131]. Ovarian follicles develop ira wavelike pattern throughout the reproductive life of
camelidg130, 131] Ultrasonography and histology sections have been used to demonstrate that
this pattern of follicular development occurs in spontanendsraluced ovulatorfl30-139]. In

cattle and camelid$;SH inducesfollicle recruitment[140, 141] [142]. There is a period of
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overlap between successive waves but no alternating pattern exists in waves emerging from
either ovary{130, 143, 144] Each wave can be divided into a growing, static and regressing
phase133]. Follicular waves in New world camelids are comparable in duration. The growth
phase spans approximateh8®ays in llama$l130, 145] alpacag144] and guanac§l146]. No

change in the diameter of the dominant follicle was observed for approximataias before
regressing130, 131, 146, 147]The lifespan of anovulatory follicular waves ranges fror220

days in llamas and with a mean inteave interval of 19.8 + 0.7 day&30]. Shorterfollicular

waves may be the consequence bigh levels of progesterone in circulation (pregnant or
nonpregnant luteal phgselactation, or malnutrition [130, 148] The reported length o&
follicular wave is longer, however, in Old world cam@l49] and shortem vicuna[139].

Administration of LH (to induce ovulation)or the use of ultrasourgluided follicle
aspiration of alf ol 1 i cl es wi t h aaredmethode usedrto sgnthroniz®wae mm
emergence within 2 days treatm¢nb0]. Follicles O 6mm are LH de
ovulation [151, 152hnd selection of the dominant follicle represses further growth of
subordinate follicles[130, 144, 153] During the follicular phase, cintating levels of
progesterone are low because of the absence of a functionir@irCulating levels of estradiol
17-b areassociated with follicular growth and peak concentrations were found prior to when the
dominant follicle reaches its maximum diamgfiet6, 149, 154]

Follicle size doesat influence sexual receptivity; females with only 3 mm follicles were
equally receptive to mal e advan[the]sFemaesthdiose w
are receptive take the sternal recumbent position on their own or after the male exerts force on
their hindquarterg81]. Once the female is in the recumbent position the male enters-a half

sitting mounting position at her rear and adjusts his pelvis to facilitate intromission.
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1.4.2 Ovulation

Ovulation is the physiological process whereby rupture of an ovarian follicle results in
the release of an oocyte that may be used for subsequdizdeoth by spermatozoa. This event
is associated with differentiation of follicular cells to luteal cells and rapid changes in gene
expression, angiogenesis, hormone secretion and cell morphdlegi58]. Ovuldion in
camelids is preceded by a rise in circulating levels of LH secreted by gonadotrope cells within
the adenohypophysis. Ovulatiamduction after steril®r non-sterile mating, GhRH, OIF/NGF,
seminal plasma or exogenous LH occurs approximately 3G ladtar treatmeritl59, 160] The
effect of LH is mediated by binding to its receptor on granulosa and thecandetih initiates
signaling pathways involved in ovulation and luteinizatjh61-163]. The LH surge regulates
gene exprssion by turning off genes involved in folliculogenesis and initiating the expression of
other genes, such as the early growth response prdiefEGR1) [164]. The early growth
regulatory factorl (EGR) is a transcription factor in granulosasealhd mice expressing the null
allele for EGR1 were infertile due to impaired development of the anterior pituitary ¢l
165]. Prastaglandin and enzyme synthesis involved in follicle rupture are also LH dependent
[164]. The LH surge also induces expression of the proteases ADAMADisintegrin And
Metalloproteinases with Thrombospondin motifs 1) and cathelpgingranubsa cells which are
believed to be involved in the degradation of the follicular W#6]. The LH surge induces the
expression of the progesterone receptor. Blocking the action of the progesterone receptor impairs
ovulation in rat§167].

Foll owing an LH sur ge are tepleted fradigonadoteoparekst o r y

and replenismentof these granules is only partial after 48 hdaG8]. To support this nain, a
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second LHsecreting stimulus given six or twertyur hours after GnRH or copulation failed
induce LH release in llamas and alpajdas9].

Two main hormonesare used to trigger LH secretion and ovulation induction in
camelids: GnRH and OIF/NGF. Gonadotropateasing hormone (GnRH) is viewed as the
central regulator of LH pulses in mammEl§9]. The distribution of neurons that secrete GnRH
varies among species buhey are commonly concentrated in the preoptic and medial basal
region of the hypothalamy81]. GnRHis releasednto primary portal capillaries in the median
eminenceandis targeed togonadotrope cellsia the hypothalambypophyseal portal system
[170]. Exogenous GnRI$ an effective hormone for ovulation induction and its function appears
necessary to elicit this effect in camelid$8, 150, 171, 172]Llamas that were given a GnRH
antagonist prior to OIF/NGRdministration showed no increase in circulating LH levels and
failed toovulatd171]. The impediment of GnRH was evident by annihilating LH rel¢hg#).

The secretion of GnRH in relation to mating stimuli has also been shown in other induced
ovulations. Puskpull perfusion sampling of the medial basal and anterior region of the
hypothalamus showed an increase in GnRH concentration from 1.15 + 0.29 pg/mL to 106.67 +
37.42 pg/mL in rabbits before and after coitus, respect{i&1$]. A 3-fold reduction in residual
GnRH in hypothalamic neurons was observed in voles after mafinig] and in ferrets,
mechanical stimulation of the vagina and cervix caused abrupt release of GnRH which was
evident by a 50% depletion GnRH neurons prior to the LH surffis].

Most of the information regarding the influence of nerve growth factor (NGF) on LH
secretion in camelids has edthbeen reported as ovulatiorducing factor (OIF) or within the
context of seminal plasma. This neurotrophin is found in camelid semen and is the most

abundant protein in llamas and alpacas sefd8h The administration of seminal plasma or
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OIF/NGF purified from seminal l[asma, initiates the ovulatory cascade by stimulating LH
secretion[48, 49, 171] The response to this hormone is rapid and a significant increase in
circulating LH levels has been reported as earlfifeeen minutes after treatmerjd8, 175] A
similar preovulatory LH secretion pattern was observed in llamas that were administered rabbit
or llama seminal plasmgp4]. In females that failed to ovulate, there was an increase in LH
pulsatility with the administration of either horse or pig seminal pldd&ia

In reflex ovulators, there has been étgvidence that estradiol production contributes to
the preovulatory LH surge. In rabbits, estradidb concentration remained
periods of estrous and pseudopregnd@g] and the administration of exogenous estradiol had
no effect on LH secretion in rabbits as well as ferfg#%/, 178] In one study, hoewver, the
possible role for estradiol was reported to augment the sensitivity of LH to GhRH
Luteinizing hormone levels followin@IF/NGF treatment was lower in ovariectomized llamas
than in intact llamas. Estrogen priming did improve the LH response but was still significantly
lower thanwhat wasobserved inintact animalg180]. A clear relationship between estradiol
concentration and follicle size is evidefit38, 139, 181]and thus, at the time of coitus, a
dominant follicle and elevated levels of estradie present. Estradiol levels decline and remain
low 48h after ovulation181]. A similar relationship was evident in cats, where levels of
estradioll 7b fl uctuated during est,bu appeareditcchave hohe gr

effect on the magnitweor duration of the LH surd&82] .

1.4.3 Luteogenesis
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In response to high levels of LH production and ovulation, luteinization of theca and
granulosa cells fronthe ovulated follicleforms thecorpora luteum183]. During the luteal
phase, progesterone concentrations are high (> 1 ng/mL) which is evident by unreceptive
females ad regular emergence of shaegtanning, anovulatory follicular wavegL30].
Corresponding with CL formation and growth, significantly higher levels of progesterone are
observed two days after ovulation (Rfter treatment) and continues to increase until the CL
reaches its maximum diameter by Day® &fter treatmen{184-186] There is a strong
correlation between the diameter of the preovulatory follicle and gubse diameter of the
corpus luteunj187].

1.4.4 Placentation and Luteolysis

If mating successfully results in pregnancy, the CL is maintained throughout the entire
gestation length187] which spans 33B47 days in llama$63] and 325361 days in alpacas
[73]. The placenta in camelids is described as epitheliochorial and diffuse, which is different
from other rumiants but similar to what is found in pi§¢E38, 189] Maternal recognition of
pregnancy occurs begeen Days 8L0 in camelidg190]. Contrary to cattle, where interferon tau
is the maternakignal for pregnand$91-193], estradiol production by the blastocyst signals
pregnancy in camelidgl94]. The production of estradiol occurs as early as Day 7 in llama
blastocysts, increasesfdld by Day 11 ad a dramatic 20€old increasas observed by Day 13
[194].This period is associated with a slight decrease in progesterone conceirireiionlation
[190] Correspondingly, estrogen receptors (U an

llamas which further supports the role of estrogen in pregnancy signdlli®g]. Exogenous

administration of estradiol on Days 8 and 9 (DO= GnRH treatment), however, did not improve
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pregnancy rates when used in an embrgodfer progranfjl196]. Estrogen production precedes
blastocyst elongation and stimulates calcium and prostaglandin secretion intorities lutaen
[197]. In llamas, blastocyst elongation begins around Day 11 andnpletely filamentous by
Day 13[194].

Prostaglandin Fyis the physiological luteolysin in casids when pregnancy does not
occur. The pulsatile release of prostaglandin (P§sffom the uterus occurs as early as Day 7
and peaks between Daysl® in llamas[198, 199] Correspondingly, the first significant
decrease in CL diameter and progesterone concentration in nonpregnant llamas occur on day 9
and 10, respectivelp87]. Prostaglandin Fsecretion is by theterus. Prevention of luteolysi
and thus, maintenae of the CL lifespartan occur by the removal of either the right or left
uterine horn. The left uterine horn can caugedlysis in both ovaries whileght uterine horn
can induce luteolysis only in the ipsilateral ovE290, 201] These results demonstrated a local
and systemic luteogenic pathway in camelids. This different activity between uterine horns is the
consequence of the angioanatomy; a branch of the right uterine artery supplies the left horn and a
corresponding major vein that originates from the left horn, terminates as a branch of the right
uterine vein201]. Prostaglandin secretion by the uterus and its effect on the CL is mediated by
the vascular countercurrent diffusion mechanism whereby the ptgxafrthe ovarian artery and
veins allows rapid exchange of metabolites into circulajgfi]. The response to PGhis
dependent on the age of the CL. Luteolysis was not observed in llamas given prostaglandin 3 or
4 days after GnRH administration and less than 20% showed complete luteolysis o202y 5
Complete luteolysis, evide by the reduction in progesterone concentration and CL diameter
(via ultrasonography), was observed in all animals when prostaglandin was administered six

days after GnRH treatmef202]. Although the exact mechanism forostaglandin secretion is
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unclear, oxytocin, which is secreted by the pituitary or luteal cells, was shown to stimulate

prostaglandin pulsatilitj203, 204]

1.5 Nerve growth factor andeproductivecycle

The importance of NGF and its receptors is appatgntthe degree ofprotein
conservation among species including prim$2€8%, 206] bovids[44, 207, 208] rodentq209
212], camelids[39, 40] xenopus[205], serpentd205, 213] fish [205] and aveq205]. The
biological roles that NGF plays within the female reproductive system are crucial for follicular
development, ovulation induction and uterine changes throughout the estrous cycle

The nervous tissue densiof the uteruschanges throughout the estrous cycle and in
many species, pregnancy induces denervation of the J&td$ In hamsters, NGF detection
increased from low on Day 2 to very high on Day 4 in luminal epithelial and stomita| while
no change was detected in the glandular epithelial ¢2lld4]. High NGF levels (Day 4)
corresponded with high estradibl7 b | evel s and the admi Ai7dt r ati
further increased the immusstaining intensity of NGF in epithelial and stromal cells in the uteri
of ovariectomized hamstef214]. The expresion pattern of trkA (its high affinity receptor)
appears to follow NGF more than p75 (its low affinity receptor) in stromal cells: high NGF and
estradioll 7b | evel s corresponded with very strong
effect on p79214]. The @ministration of estradiel 7b t o ovariectomi zed h
the detection of both receptors in the endometrium and p75 in the glandular epi{24kijnin
rats the expression of trkA was inversely rethtgith mean estradiol concentrati¢p5]. High

expression of trkA occurred during the morning of diestrus when mean serum levels of estradiol
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was low and low expression was detected during the afternoon of proestrus when mean
concentrations of estradiol was at its higH{246]. In this study, no changes in NGF expression
was reported215].

Changes in circulating estrogen concentratioeagebeen shown to influence cholinergic
neurons of the basal forebrain in rats and estrogen replacement caneinbpsal forebrain
cholinergic function[216-219]. Colocalization of steroid andhe p75 common neurotrophin
receptor in cholinergic nuclei demonstrates a relationship between estrogen and NGF on
nervous tissueuhction[220]. A disruption of the mouse NGF gene caused severe cell loss in
both sensory and sympathetic ganglut the continued differentiation of basal forebrain
cholinergic neurons demonstrated that otrerratrophins, such as BDNE21-223], can rescue
nervous tissue function in the absence of N@#4]. Lower estrogen levels associated with
aging awl ovariectony resulted in decreased trkA expression in medial septum neurons which
may impair the responsiveness of the cholinergic neurons to[RESH: In addition to the brain,
rats given estradiol valerate formed polycystic ovaries which were attributed to an increase of
sympathetic ovarian neurons, higher NGF and p75 levels in the ovaries and adrenal glands 30
days post injectiorj226-229]. Normal estrous cyclicity and ovulation in rats whblycystic
ovarieswas restored usinGF antiserum or by transection of the superior ovarian rié2e
227]. Impaired follicular development, loss of sympathetic innervation, decrease in androgen and
estradiol production, delayed puberty and disrupted estrous cycle were sdseechinneonatal
rats immunized against NGEO0].

The organization and development of the ovarian follicles is NGF dependent.
Histological assessment of homozygous N@GEant mice showed improper organization of

ovarian follicles, increased numer of naked oocytes, and a significant reduction in the number
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of primary and secondary follicles, with no change in the number of primordial follz34$.

These histopathologicghanges in morphology were not caused by or had an influence on the
adrenal or pituitary glarjd31]. Both receptors for NGF (trkA and p75) have blesalizedto rat

ovaries and theiexpression levels change in relation to ovarian follicular dynaja&E, 232]

In humans, NGF trement was associated with delayed luteogenesis. Human granulosa cells
respond to NGF with increased estradiol secretion and expression of FSH receptor mRNA, and
reduced progesterone output within 18 h of treatn&3®]. A luteotrophic effect of NGF was
shownin vitro when bovine lutein cells stimulated progesterone secretion with NGF treatment

[234].
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2.0 HYPOTHESES AND CBJECTIVES
2. 1 General Hypothesis
The overarching hypothesis of the work described in this thesieisoncentrationor total

abundanceof OIF/NGF in semen is related to male fertility in $th American Camelids

2.2General objective

The main goal of the work described in this thesistaselucidate whether OIF/NGF
concentration or total abundance in semen can be used to predict male fertility in South

American Camelids

2.3 Specific objetives

Based on the following observations

1 Seminal plasma proteins have been associated with male fertility and sperm
parameters in cat{l£l8, 120, 235, 236horsefl22, 125]and pigd123];

1 Male acessory genital glandecretions and relationship with fecundity are
variable among mammaj$03-106, 108, 109, 237]

1 Administration of seminal plasma, purified OIF/NGF from seminal plasma and
NGF from mouse salivary gland induces ovulation in female llamas and alpacas
[39, 40, 45, 54, 238]

1 The ovulatiorinduction effect ofseminal plasma dDIF/NGF is dose dependent

in in vivoandin vitro bioassay$49, 50, 52, 239]
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1 OIF/NGF promotes a longer lastihdgfd surge in comparison to that characterized
following GnRH treatment in llamas and alpafhbg5, 238, 24(Q]

1 OIF/NGF is luteotrophic evidenced by producing larger CL diameter and more
progesterongl?75, 238, 24Q]

1 OIF/NGF exerts a luteotrophic effect by altering LH secretionarthncingCL

vascularizatiorj175].

The primary objectives of the first study (Chapter 3) was to:
1 Characterize the source of OIF/NGF secretion in male accessory genital glands
1 Develop a method for measuring OIF/NGF concentration in semen
The primary objetive of the second study (Chapter 4) was to:
1 Elucidate the breeding and semen parameters which were related to OIF/NGF
concentration and total abundance in alpaca semen
The primary objective of the third study (Chapter 5) was to:
1 Determine if a higher ®YNGF concemtition in semen was associateith high
ovulation, pregnancy and live birth rates
The primary objective of thisurth study (Chapter 6) was to:
1 Determine if higher OIF/NGF abundance in ancejate was associated with
moreluteogenic CL.
1 Toelucidate the efficiency of using Power Doppler Ultrasonography to assess CL

form and function between pregnant and nonpregnant animals
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3.0SOURCE AND ABUNDANCE OF OVULATION -INDUCING FACTOR / NERVE
GROWTH FACTOR (OIF/N GF) IN THE SEMINAL PL ASMA AMONG MAM MALIAN
SPECIES

3.1 Abstract

The seminal plasma protein, ovulatimmlucing factor (OIF)is the well-characterized
neurotrophin, arve growth facto(NGF). The administration oexogenou®IF/NGF or seminal
plasma in camelidwitiates the ovulatory azade through the release of luteinizing hormame
attenuateabvulatory response has also been documeantedmelids using seminal plasritam
cattle horses and pigdhus, wehypothesize that this protein aswidely conserveccomponent
of semenamongmammalsbut is most abundant in cameligjaculates The objectivesof the
study wereto compare the presence and distributiorOtF/NGF in male reproductive organs
and to determine the abundance of OIF/NGF in the ejacuatgsecies representative ofth
spontaneous and induced ovulatdramunchistochemical analysis was performed on tissue
from llamss, rats, cattle, bison, elkandwhite-tailed deer and the abundance GiF/NGFin the
ejaculates ofcamelid (llamas and alpacas)attle horss and pgs were quantified by
radioimmunoassayThe density ofimmuncreactive materialamongaccessory genital glands
wasmost abundant ithe following regionsllama prostate gland (epithelium agldndlumen);
rat coagulating glandanterior prostate blood wessellumen); bovine ampulla and vesicular
glands (epithelium and lumer)ison and ellampulla(epithelium);andwhite-tailed deer(body
of theprostatg. Of all tissue, the llama prostate gland contained the most intense and abundant
immunoreaction.Quantitative analysis showed that the concentratio®@B/NGF in seminal

plasmain camelids was higher than that of bulls (P<0.05). In llamas and alpata®GF
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represente@7% of total seminal proteins and less than 1% in bulls (P<OR#g)uced OIF/NGF
levels inbull semen corresponds wittrevious reports where a lower ovulatory respoinse
camelidswas detectedThese observations further supptrat OIF/NGF behaves in a dose
depenént manner and that OIF/NGF may have greater importance, in terneprofiuctive
physiology, ininduced than spontaneous ovulat&khough OIF/NGF was detected within the
lumen or glandular epithelium of at least one accessory gland of all species invesivgatesie
unable to detedIF/NGF in the ejaculates of eithkorses or pigsThus our generdiypothesis

that OIF/NGF is conserved among all mammals evdg partially supported
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3.2 Introduction

Semen is comprised of spermatozoa carried in fluid derived from accessory genital
glands and, to a lesser extente tApididymis and testis. The accessory genital glands are
composed of paired ampullae of the ductus deferens, paired vesicular glands, the body and
disseminate parts of the prostate, and paired bulbourethral s These exocrine glands
vary considerably among species in terms of size, secretions, and anatomical and histological
structure. For example, while all glands are present ite¢a#t2] and horsef243], the vesicular
glands are absent in cameli®4], dogs, and caf®41]. The prostate, whether it is confined in a
solid organ (body) or dispersed in the mucosa around the pelvic urethra (disseminate), is the only
accessory genital gland that is present in all mamf@4lH. In light of the diversity in structure,
the contribution of each gland and the degree to which its secretions influence male fertility
remairs to be elucidated

Nerve growth factor (NGF) is a 2@a homodimer protein that is classically known for
its involvement in neuronal survival and maintenaf®®]. However, this protein has been
implicated in several biological pathways outside of nervous system. Its detection in semen has
led to a new lineof researchthat focuses on its effeston the femalereproductiveendocrine
system[39, 44, 208, 211, 244, 243Referred taoriginally as ovulatioAinducing factor (OIF) in
seminal plasma for its potent ovulatiehciting effect in camelid$48, 246] results ofrecent
studies revealed thatt nierge gifowth factofNGF) [39]. Reslts from a series oftudies have
demonstrated that the administration seminal plasma or purifie®IF/NGF from seminal
plasma triggers aurgein circulatingconcentration®f LH which leads to ovulation antbrpus
luteum CL) formation (reviewed in[47]). The endocrine response is related to the quantity of

OIF/NGF or seminal plasma thas given [49]: in vitro, a pituitary culture augmentedts LH
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release when treated withigher doses oDIF/NGF or seminal plasm§2, 53] This response
was paralleledn vivo the preovulatory LHsurge, ovulation rate and diameter of @Gk were
greaerwith increasingloses of OIF/NGF[49].

It appearsthat OIF/NGF is the primary stimulus for ovulatioxduction in camelids
replacing the dogmatic ew that ovulation occurs via penile stimulation of somatosensory
neurons invagina[l]. However, it is evident that OIF/NGF has more than one function in
regards to male and female reproductma these functions vary among specidgrve growth
factor is involved in sperm development and maturatidverve growth factoand its receptors
TrkA and p75 were found in developing sperm cellthm tests of mouse and rgR47], golden
hamstej248], cattle[249], alpaca250], Japanese monkd#51], and humarj252, 253] Of all
of these species, only one (alpaca) is cleskas an induced ovulator whereby OIF/NGF it been
shown to cause ovulation in their respective fem§as 254] While the direct effect of
OIF/NGF on camelid sperm has not been reportettubation of NGF wh sperm cellsn vitro
increased sperm motility in a dose dependent manner and increased the number of cells that
underwent the acrosome reaction following capacitation in the golden hg@#8}ein humans,
NGF promotedsperm motility [252, 255] however, the quantity of NGF was not different
comparing ejaculates that had normal and low sperm mo&}. Exogenous NGFad no
effect on mitochondrial activity or acrosome reaction cattle, but did improve sperm
vitality[249]. Thus, itmay be likely that the function of OIF/NGF in males of spontaneous
ovulators is to assisgperm while in the female tracnd not necessarily induce changes in
female physiology

Historically, seminal fluids and its constituents have been deemed essential for sperm

transport, nutrition, capacitation and fertilization (reviewed286, 257). The necessity for
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accessorygenital glands is evident by the consequence of their removal in sortaent of
species. Mating of tact female mosquitoes withhales whose accessory glands were removed
caused a reduction in the total number of fertile eggg24d]. The removal of vesicular glands
in mice had a negative effect on sperm progressive motility and resulted in lower pregnancy rates
[258]. In a latermousestudy, the removal of vesicular and prostatedtadiminished pregnancy
rates, while no effect was observed when the coagulating gland was gB&gd=Excision of
the bulbourethral glands in llamas impaire@rsp binding to the oviduct and it wasoposed
that proteins secreted from this gland weredsel for the formation aothe oviductalsperm
reservoir[260]. These observations suggest that the importancespiectiveaccessory genital
glands is speciesspecificandthe product of onglandmay bemore expendable thanotherin
terms of male fertility.The comparative distribution, relative abundance, and importance of
OIF/NGF in the male reproductive tissuesdnot been examined critically.

Several assays have been used to deté¢t Wthin tissue and to measure N@GFfluid
secretionsThese include the differentiation iohmortalized rat pheochromocytoma cells (R)C
[39, 261] chicken dorsal root ganglidi262], enzymelinked immunosorbant assg46, 263]
radioimmunoassay262] and llama bioassaj45, 48, 49, 54] Qualitative methods, such as
immunohistochemistry provide important information of detection and distripubut signal
intensity can be skewed by tissue preservation, antibody affinity, staining procedures and
experimenter bias. Quantitative assays, such as radioimmunoassay where known amounts of
labeled ligand competes with unlabeled ligand for antibadglihg sites within the sample of
interest, provide repeatable numerical assessment of the amount of the antigen of26&rest

Abundant levels of NGF have been detected in the salivary gland of the adult male mouse

[36, 210] snake venori65, 266]and the prostate gland of guinea d@%1]. The concentration
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of NGFcan be influencelly age, gender, and endocrine status. The synthesis of NGhvar
glands begins after puberty and is higher in males than in femald3B6ic87] Elevated levels
of NGF in circulaion appear to be related to the release of NGF from salivary glands in response
to psychosocial behaviour and strg&39, 263, 267, 268]

Based on the overwhelming evidence in literature, we hypothesize that @HF&Na
widely conserved component of semen but it is most abundant in camelid ejaculates. Thus, the
objectives of the preserstudy were to determine the source @IF/NGF secretionamong
different mammalian specieand to quantify its abundance the ejaculate usingjualitative
(immunohistochemistryand PC12 differentiatign and quantitative (radioimmunoassay)
methods. To our knowledge,OIF/NGF storage and secretion sitélsat contribute to the

mammalian ejaculate have not been reportéidimas

3.3 Materials and Methods

Experimental procedures were performed in accordance with the animal care protocols
established by the University of Saskatchewan.
3.3.1Tissue sources of OIF/NGF themalereproductive organs

The male reproductive orgarfeom adut male llamasyats, bulls, bison, elk and white
tailed deemwere used (n=2 males/speci€Bssues were dissected within one hour of euthanasia
and were fixedovernight at 4°Cin 4% paraformaldehyde and 0.1% glutaraldehyde iMO0.1
monophosphate buffer ip7.4). Tissues were processed to obtain 5thick paraffin sections

on poly-L-lysine coated glass slides.
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3.3.2Immunohistochemistry

Slides were washed three times each, first in xylene and then in absolute ethanol. Slides
were dipped in a successiveadient of ethanol solutions (95%, 70% and 50f6)sed with
distilled water (five minutes running water) and then immersed in phosphate buffered saline
(PBS; 15 minutes). Slides were thirwubatedwith pepsin (2 mg/mL in 0.01N HCI; Sigma
Aldrich, Oakulle, Ontario, Canada) inside a humidified chamfer antigen retrieval)rinsed
with distilled water(as described above) and immersed in hydrogen peroxide (10% in methanol
for endogenous peroxidase blockRingr 45 minutes. Slides were agaimsed wth distilled
water for one hour at room temperature befdoeking with5% BSA (SigmaAldrich, Oakville,
Ontario, Canada The primary antibody for immunbistochemical localization of NGF was
polyclonal rabbit antiserum raised against humaw3¥ (1:400in 1% BSAfor all tissues except
for rat (1:200); Sant&ruz Biotechnology Inc.Dallas, Texas, USA). Slides were incubated
overnight at 4°C then washed three times for five minasehwith phosphate buffered saline
and incubatednside a humidified chaber with the secondary antibod¥:400 in 1% BSA
(polyclonal goat anti-rabbit IgGHRP, Daka Canada, Inc. Burlington, Ontario, Canada
VECTOR VIP peroxidase substrate kit (Vector Laboratories, Inc; Burlington, Ontario, Canada)
was used for colour developnmteand VECTOR Methyl green (Vector Laboratories.)ngas
used as a counter stain. VectaMount permanent mounting medium was used for slide
preservation (Vector Laboratories In@§lides incubated with 1% BSA without thgimary
antibody wereused as negat controls and slides ofadult rat dorsal root ganglia or llama
prostate glandvere used apositive controls. Adjacent sections were stained with hemotoxylin

and eosin for normal histologssessment.
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The overall presence and distribution of positMabeled tissue were examined by light
microscopy at low magnification (88); high magnification was used for analysis of intensity
and cellular localization (1000x). A minimum of 15 fields were visualised for each slide for the
assessment of positivelisein the mucosa, submucosa, muscularis and serosa/adventitia layers.
All tissue sections were analyzed by the same observer and scored based -staiNiGd-
intensity as +++ (very strong), ++ (strong), + (moderate to weak) + (faifsent), or ND (ot

determined).

3.3.3 Semercollectionand handling
Ejaculates(n=69) were collected from male llamas (n=5) and alpacas (n=12) using an
artificial vagina and phantom mouf84] during June and July (summengar Saskatoon,
Saskatchewa(b2°N, 106°W, and 482 meters above sea letigfly, males were introduced to
a receptive female and were allowed to mount. Once libido stiasulated, the male was
transferred to an adjacent phantom mount fitted with an artificial vagina. Males included in the
study were selected from larger groups at eaitB farmson the basis of acceptance of the
phantom mount and artificial vaginuccesive gaculatesrom individual malesvere collected
with atleast one full day of rest between collectiofgculates were centrifugeat 400 x g for
15 minutes and the supernatant was centrifuged agalkb@ry x g for 15 minutesthe seminal
plasma wa decantedand an aliquot was examined under a light microsctipgpermatozoa
were detectedhe centrifugationprocessvas repeatedntil no spermatozoaeredetected in the
seminal plasm@8, 269] The £minal plasmaf individual ejaculates wabtenstored at80°C.
Semenwas collected from bovine bulls by electroejaculation (n=53 ejaculates; n=36

bulls), from stallionsby artificial vagina(n=6 stallions, n=4 ejaculates/ stalligrand from boars
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by the gloveehand methodn=4; n=4ejaculates/body as previously describgd5]. The gel
fraction of equineand porcinegjaculates was removathmediately after collection. Ejaculates
were centrifuged and seminal plasmas decanted and examined to enstlie removal of
spermatozoa, as described for llamas and alp&=asinalplasma was stored aBoC. Upon
thawing,an alguot of seminal plasma was pooladithin species fousein radioimmunoassay
developmentandthe PC12 bioassay; quantification of OIF/NGF was performed on individual

ejaculates.

3.3.40IF/NGF purificationandin vivo bioassay

After thawing, pooled lla@alpacaseminal plasma was eluted by hydroxyl apatite
column chromatography to obtain a partially purified fractibat was furthered purified by
FPLC [39, 269] Approximately 6 mg of purified llam®IF/NGF was diluted in phosphate
buffered sahe (pH 7.4) to a stock solution of 1.0 mg/mihe diluted, prified OIF/NGF was
stored in 10 pL aliquots a80°C.

A llamain vivo bioassay wasisal to validate the bioactivity of purified OIF/NGRs
described previously{269]. Ovarian follicular development omature llamas (n=6) was
monitored for at least three consecutive days by transrectal ultrasonagvéipéry a growing
follicle O7 mm in diameter was detected, the
and treated intramuscularly with 2 mL of purifi€lF/NGF (500 pgin saling or saline
(n=3/group, Day 0 = day of treatment). Llamas were exanbyddansrectal ultrasonography on
Day 3 and Day 7 to detect the disappearance of the ovulatory follicle and the subsequent

formation of the corpus luteum.

31



3.3.5In vitro bioassay

Immortalized rat pheochromocytoma (PC12) cells were cultured according toethod
previously describe61]. Briefly, the PC12 cells were grown in a 75 ‘dralcon cell culture
flask (BD Bioscience, San Jose, California,A)&t 37°C in 5% CQin RPMI 1640 medium
(SigmaAldrich, Oakville, Ontario, Canada) with 10% haaactivated horse serum (Life
Technologies, Burlington, Ontario, Canada), 5% fetal calf serum (HyClone; Thermo Scientific,
Logan, UT, USA), 25 U/mL penicillinand 25 ug/mL streptomycin. Cells were cultureditro
on laminincoated éwell tissue culture dishes at a concentratior2at 1¢ cells/ well (BD
Bioscience, San Jose, California, USA) for 24 hours before treatment.

To detect the presence or abseot®IF/NGF in the seminal plasma of different species,
the alture medium was aspirated and replenished with fresh medium containing 50 ng/mL
recombinant NGF (SigmaAldrich, Oakville, Ontario, Canada@ositive control, 1ug/mL seminal
plasmaderived OIF/NGF, and 5 pL of undiluted seminal plasma from llamas/alpacas, bulls,
horses or pigs (3 wells/treatment). As the amount of OIF/NGF was unknown in each sample, a
volume of 5 puL was chosen arbitrarily. All media with respective treatments were passed
througha 0.22 um filter (Millipore, Billerica, MA, USA) immediately before use. Two days after
the start ofin vitro culture, the medium was replenished with respective treatments. Cells were
observed daily to monitor changes in cell morphologing an invertednicroscope at 4Ix
magnification Four days after the start of vitro culture, thewells were scored as differentiated
or undifferentiatedCells were scored as 'differentiated’ if they contained dendritic processes that
were O 2 x thbeodl ength of the cell

To confirm that PC12 differentiation was associated with OIF/NGF in seminal plasma,

rabbit p-oNGF antibody(&dntaCvuz Biotechnology Ing was added to the culture
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medium. Cells were cultured in the similar manner as described abol@vikglthe 24 hour

culture period, cells (n=4 wells/group) were given fresh medium containing 1pug/mL purified
OIF/NGF or Cytochrome c. Cytochrome ¢ was chosen as a negative control due to its similar
molecular weight and isoelectric point as NGF. At timeetiof treatmentrabbitp ol yc F on al f
NGF antibody (1:1000; Sant&ruz Biotechnology Ing was added to half of the wells
(n=2/group). Two days after culture, the medium was replenished with respective treatments.
Cells were monitored (bgn inverted microscopdor four days a#r the first treatment. Cells

were scored as '"differentiated' if they conta
the cell body. The total numbesf differentiated cells in10 microscopic fields (at40x

magnification)per well (total of 20ields per treatment group) were counted.

3.3.6Radioimmupassay

Purified biologically activeOIF/NGF isolatedfrom pooledllamaalpacaseminal plasma
was labeled with®J by the chloraming” method[270]. Phosphate buffel0(25M: pH 7.5) was
prepared using sodium dihydrogen orthophosphate (monobasic) and disodium hydrogen
orthophosphate heptahydrate (VWRadnor,Pennsylvania, USA). A total of 2 pg of purified
OIF/NGF was added to 20 uL 6£25 M phosphate buffer. Dissolved protein was then added to
129 (1 mCi; Perkin Elmer, Massachusetts, USA). Chloramine T was added to the reaction,
vortexed and incubated at room temperature for 90 seconds. Sodium metahsasgfiadded to
stop the reaction. The iodinated peptides were purified by column chromatograpty (PD
column; BicRad Laboratories, Inc., Hercules, California, USA). Phosphate buffered saline with
gel was used as an eluent and 1 mL fractions were adléato 12 x 75 mm borosilicate tubes.

Radioactivity was assessed in 5 pL aliquots of each fractiggabnmacounter.
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Serial dilutions of recombinant human NGFb (SigmaAldrich, Oakville, Ontario,
Canada),purified OIF/NGF, and llama seminal plasmavere made and combined with four
different concentrations af ab b i t p-dNIGl antibody(8ahtaCbuz Biotechnologync.)
to optimize binding specificity The woking dilution of 1:1000 rabbitb-NGF polyclonal
antibody was chosen for all subsequent studies. To determinereausisity with other
neurotrophins, serial dilutions of purified braderived neurotrophic factor (BDNF) and
neurotrophird (NT-4) were mad and combined with 1:1,000 rabbit NGF antiba8ecificity
was also tested by comparing the specific binding after thei@uadit either llamaOIF/NGF or
BSA to differentdilutions of llama blooglasmaandllamaor bull seminal plasméa.lama blood
wascollected by jugular venipunctuneto heparinized tubes

Antibody bindingwas tested by comparing the profile of displaced iodin@B#adNGF
from anttNGF antibody binding sites usingicreasing volumes of seminal plasma from
llamas/alpacas bulls, hores and pigsSeminal plasma dilutions wemade withphosphate
bufferedsalineand 1%polyethelene glycol (PEG) buffefhe amount oOIF/NGF in samples
(unknowns), standardand references (25 and 100 fog low and high references, respectively)
were masured in duplicatélhe standard curve ranged froma200 pg/mL. Avolume of 0.1
mL of sample waglaced in glass tubes and incubated with rabbit NGF antibody (1:1000)
overnight at 4°C. The following day, 0.1 mL 8f1-NGF (containing 10,000 cpm) wasded,
vortexed, and incubated at 4°C overnight. Gaatrabbit serum (0.5 mL; 1:500) and 5% PEG
(0.5 mL)was made irhouse[271] andwere added to each tube, vortexed, and incubated at 4°C
overnight. Tubes were centrjed at 3000 x g and the supernatant was decanted. The relative

amount of unbound tracer in each tube wa&sasured by gammr@unter.
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3.3.7Total protein quantification

Total protein concentrations for llavaégpacaand bovine seminal plasma was evaldate
by Bradford's methofR72] (Bio-Rad Laboratories, Mississauga, Ontario, Canada). A standard
curve was generated using bovigemmaglobulin standard Eio-Rad Laboratorigs Seminal
plasma samples were dilutedsaline(v:v) 1:2, 1:4, 1:10, 1:25, 1:50 and 1:100 and values which

fell within the numerical values of the standard curve were used.

3.3.8Statistical analyses

Student's t test was used for comparison @iF/NGF and total protein concentration
betweenllamaalpacaand cattleseminal plasma samplds/ radioimmunoassayEquine and
porcine samples were excluded due to low to absent detectirMGF. Analysis of variace
(ANOVA) using ROC MIXED procedure was used to compare PC12 differentiation among
groups. Tukey's multiple comparison was used as ahwastest when treatment means were
significant (P<0.05). All statistical analyses were made using SAS software (RSatstical

Analysis System Institute Inc., Cary, NC, USA).

3.4Results

3.4.10IF/NGF ImmunolocalizationLlama

Immunostaining of BNGF was detected in the connective tissue of all reproductive
organs Table3.1). The detection of OIF/NGF was gredtesthe body and disseminate parts of
the prostate gland (+++). The protein was localizethe apical region of epithelial cells and

frequently found within the glandular lumen of the prostate gl&igl 8.1). On no occasion was
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OIF/NGF detected solelgt the basement membrane. Its subnuclear detection was emmdgnt
when OIF/NGF was present throughout the ¢@llulationinducing factor/ NGFappeared to be
stored in secretory vesicles of different sizes. HBoearcity of OIF/NGFnegative vesicles
suggests that most if not all acini contained OIF/NGF. The presence of imneactive material
in the epithelium was omnipresent in the body of the prostate gland. Based on the appearance
and size of epithelial cells and their nuclei, all cells appeared td same cell type and were
OIF/NGF positive. The abundance of OIF/NGF detected in the secretory acininveakedly
lessin the disseminate portion of the prostate glandfddA andFig 3.1C). In contrast to the
body of the prostatenany acini did nbcontain OIF/NGF in the epithelium or in the lumen. In
addition,where OIF/NGF wasdetected in the lumen the disseminate prostate, many auiere
devoid of OIF/NGF in the epitheliumandthe number of cells containing OIF/NGF withén
single acinus wa lower comparedto the bodyof the prostat€Fig. 3.1C) The distribution of
secretory granulem the disseminate parhowever was similar to that of the body and were
polarized to the apical region of the epithelial £€llhe perinuclear distributioof OIF/NGF in
several cells illustrategroteintranslation and storageto secretory vesicles={g. 3.1B and D.
Another discernible difference between the body and disseminate refithesprostatevas the
abundance oDIF/NGF detected iendotheliumof blood vesselsThe protein was detected @n
greater proportiof arterial and venous vessels in the dissemipatéthan in the body of the
prostate(Fig. 3.1D). Diffuse positive staining was found in the connective tissue between
prostatic lobuleshiat were closest tthe acini; detection of OIF/NGF was lesser arowassels
that were surrounded mostly by connective tissue and further away from acini.

The seromucusecreting epithelium of the ampullae had no immrerction to anti

OIF/NGF, while &int scattered staining was detected in the bulbourethral gRIFINGF
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positive regions of bulbourethral glandular epithelium were few and found in the most apical
region of the cel Immunoreactive OIF/NGF was not detectedtire penile urethra, epdiymis
(head, body or tail) othe seminiferous tubule epithelin. Sperm within the testes and
epididymides weralso OIF/NGF negativeMyoid epithelial cells surroundinthe seminiferous
tubules were positive foOIF/NGF (++). A strong reaction was detedtdn the vascular
endothelium and connective tissue fibers in the stroma and rete tadte®t in the interstitial
cells

Within the penis the crura of the corpus cavernosum and corpus spongiosum were
negative.The majority of positive staining wasund in the connective tissue fib@fsthe tunica
albuguinea Several blood vessels within the connective tissueahadak to moderate immuno

reaction in the endothelium.
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Table 3. 1 OIF/NGF immuno-reactivity in the male reproductive organs of llamas.

Tissue Epithelium Lumen Connective ~ Smooth muscle
tissue
Testis - - T+ B
Epididymis(head) - - ++ )
Epididymis(body) - - ++ )
Epididymis(tail) - - + )
Ductus deferens - - ++ )
Ampulla - - + )
Prostate (body) +++ +++ + .
Prostatgdisseminate) +++ ++ + -
Bulbourethal gland + + + .
Penis - - FH/+++ ]

Relative OIF/NGF staining intensities were graded
to weak), * (faint); (absent).
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Figure 3. 1. Immunchistochemical detection of OIF/NGF (purple) in the body (A and B) and
disseminate (C and D) parts of the prostate gland of llamas. Cell nuclei are stained with methyl
green. (A) OIF/NGF positive cells present in all acini of glandulathepum. (B) Abundant
OIF/NGF immunereactivity is detected in epithelial cells of a single prostatic acinus. Secretory
granules are confined to the apical region of epithelial cells and secretion of OF/NGF
containing granules into the lumen is evidentrdaheads). Little reactivity present in the
endothelium or lumen of blood vessels (BV). (C) Relatively fewer OIFAgGHitive acini in the
disseminate prostate. (D) Detection of OIF/NGF immugerctivity in prostatic acini and blood
vessel (BV). Presencef secreted OIF/NGF is evident in the lumen of glandular epithelium
(arrowheads) and blood vessels (arrows). Yellow arrowheads indicate OIF/NGF distributed
towards the basal portion and around the nucleus of the epithelial cells. ET: Epithelium; CT:

Connetive tissue. Scale bars as indicated.
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3.4.2 OIF/NGF ImmunolocalizationRat

Immunaostaining for OIF/NGF was not detected in the epithelium of any of the accessory
sex glands, but positive staining was observed in the lwhéiood vesselsn the coaglating
gland (Fig. 3. 2D). The connective tissue waBlF/NGFpositive within all organs but was
variable in intensity Table 3. 2). The appearance of th®IF/NGFpositive fibers inthe
connective tissue was similar among animals and was interpretedvasemelings.mmunc
positive staining was detected in stereotincells of the head of the epididynmsscattered
regions,but the reaction did not extemato the body or tail of the epididymis and was variable
among individualgFig. 3. 2 A and B. Stining was repeated fdahe epididymaltissue, with
similar results. OINGF was not detected in the seminiferous tubule epithelium or in the lumen
containing spermiated spermatazoa. Interestingly, intense staining was observed in interstitial
cells in digrete aggregates throughout the testes. ddmnective tissue of theestis, ductus
deferers, penis, coagulating glamtisplayed thegreatest intensity dDIF/NGFpositive staining

in therespective tissues
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Table 3. 2. OIF/NGF immunereactivity in the male reproductive organs of the rat.

Tissue Epithelium Lumen Connective ~ Smooth muscle
tissue
Testis + - +++ -
Epididymis(head) ; [+ + -
Epididymis(body) - - + -
Epididymis(tail) - - + -
Ductus deferens - - ++ -
Vesicular gland - - + -
Coagulating gland - . +++ -
Dorsal prostate - - + -
Bulbourethal gland - - - -
Penis - - +++ -

Relative OIF/NGF staining intensities were graded: +++ (very strong), ++ (strong), + (moderate
to weak), * (faint); (absent)nd (not determined).

* Relative OIF/NGF staining intensities were different between rat 1 and rat 2.

** Detection found in lumen of blood vessels
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Figure 3. 2. OIF/NGF immunehistochemical staining of the reproductiveggans of the male

rat. Differential staining was observed in the luminal surface of the head epididymis epithelium
from Rat 1 (A) and Rat 2 (B). C, Ductus deferens epithelium exhibits strong OIFNGE&ENG
reactivity in the CT. D, OIF/NGHpositive stainingin blood vessel lumen of the coagulating
gland. Strong (+++) reaction product is seen in interglandular blood vessels and connective
tissue (arrows). E, Seminiferous tubules and OIF/N@S§itive reaction in interstitial tissue
(arrowheads) . F, No OIF/NGks detected in the glandular epithelium or lumen of the
coagulating gland. But NGpositive staining is visible in the connective tissue and lumen of

blood vessels (arrows). ET: Epithelium; CT: Connective tissue. Scale bars are as indicated.
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3.4.30IF/NGF ImmunolocalizatiorCattle

TissueOIF/NGF immunereactivity in bulls is summarized ifiable 33 and illustrated in
Fig. 3.3. In contrast to llamas, OIF/NGF was detected within the epithelium of the ampullae. The
degree of reactivity to OIF/NGF varied ang glandular acini. For examplemunaoreaction
waspresent in only a few cellsf ampullary acinwhile in othes it waspresenin most if not all
the cellsImmunastaining was strongest in the apical region of the glandular epithahdmas
also deected in the lumen of the ampulla. Spermatozoa within the lumen of the ampulla,
however, were OIF/NGFhegative The distributionof OIF/NGFreactivityin the vesicular gland
was similar to thain the ampulla. Positive immun@activity was localized ithe apical portion
of the glandular epithelial cells and within the lumdie perinuclear region of glandular
epithelial cells was strongly positive in some and devoid of reacti@thigrs within the same
acinus. No immunaeactivity was observed in thigansitional epithelium lining the penile
urethra or the endotheliunf the sinuses of theorpusspongiosum andorpuscavernosum. The
connective tissue surrounding tberpusspongiosum contained more OIF/NGpositive fibers
than the corpus cavernosum.OIF/NGF staining was evident in the smooth muscle layers
surrounding the epididymis and blood vessels.

Weak staining was detected in thelbourethral gland, and was confinedctannective
tissue and smooth musdl€able3.3). Immunaoreactivityto OIF/NGF waslocalized tothe body
of the prostat in glandular epithelial celJable3.3).

In the testis, OIF/NGF immuneactivity was observed in the myoid epithelial cells
around seminiferous tubules, spermatogonia, primary spermatocytes and sertdtoeell$ and

elongated spermatids and interstitial cell cytoplasm were OIF/NGF negative. The vascular
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endothelium in the testes and all regions of the epididymis were OIF/NGF positive. The nuclei in

the epithelium of the tail displayed a weak immuaactive response.
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Table 3. 3. OIF/NGF immunereactivity in the male reproductive organs of cattle.

Tissue Epithelium Lumen Connective ~ Smooth Muscle
Tissue

Testis +++ - + n
Epididymis(head) + - +++ ++
Epididymis(body) + - F++ +
Epididymis(tail) + - +++ +++
Ductus Deferens + + o+ +
Ampulla +++ +++ +++ +
Prostate (body) ++ - +++ +
Vesicular gland +++ +++ ++ +
Bulbouretiral gland - - + +
Penis - - F++ +

Relative OIF/NGF staining intensities were graded: +++ (veongl; ++ (strong), + (moderate
to weak), * (faint); (absent), nd (not determined).
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Figure 3. 3. OIF/NGFpositive immunoreactivity is detected (purple) in the ampullae (A and B)
and vesicular glands (C and D) in cattfe.Epithelium of glandular acini showing strong (**)

and weak (*) immunsestaining staining in the ampullary gland. B, Magnified view of A, showing
positive staining in the glandular epithelium (ET), lumen and connective tissue (CT). (Arrows)
demark OIF/NGFdetection in interlobular blood vessels. C, OIF/N@dsitive staining in the
connective tissue and glandular epithelium of vesicular glands. D, Magnified view of C, showing
OIF/NGFpositive staining in the apical region of epithelial cells and lumen.N@Fnegative

(*) and OIF/NGFpositive immunereactive epithelial cells are present within the same acini.

ET: Epithelium; CT: Connective tissue. Scale bars as indicated.
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3.4.401F/NGF ImmunolocalizationBison

The amplia and vesicular gland had thgreatest immunoeactive response among
accessory glands in bisdifable 3. 4 and Fig 3.4). Positive staining was detected in the
connective tissue of the bulbourethral and prostate glémdsot in the glandular epithelium or
lumen. While the connectvtissue surrounding the glandular epithelium ®@#NGFpositive,
the nuclei of the cells were negative. The reactivity of the body of the prostate is similar to that
observed in the disseminate prostate: no reactivity was seen in the glandular epitieliu
lumen. Although OIF/NGF immunoeaction was detected in both bison bulls, the vesicular
glands inonehad more OIF/NGF in the epithelium and lumen tivathe othemwhereseveral
aciniwere devoid o©OIF/NGFin both theepitheliumandthe lumen(Fig. 3.4 A and B)

Ovulationrinducing facto/NGF positive sites were detected in the smooth muscle layers
around the epididymal epithelium. Similarly, OIF/NGF was detected in the smooth muscle
surrounding blood vessels as well as in the endothellmmuncreactivitywas not detected in
the nuclei of smooth muscle or connective tissue cells. The nuclei of myoid cells found at the
interface of the basement membrane and the lamina psydrimucosa expressed OIF/NGF
strongly,along with other stellatshaped nclei in that region. The fibers within this regidid
not have uniform affinity to anrDIF/NGF. Scatteredfibers of similar diameter but variable
lengths were strongly reactive in the stroma. These fibers were scarcecontiextive tissue
surroundingthe glandular epithelium but were plentiful in tbennective tissuenore closely
associated with the tunica muscularis. The arbitrary arrangement of these fibers as well as
branching is consistent with terminal nerve tracts found in connective tissuenuCles of

neurolemmocytewithin peripheral nerve bundles as well as nerve axons contained OIF/NGF.
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Table 3. 4. OIF/NGF immunereactivity in the male reproductive organs of bison.

Tissue Epithelium Lumen Connective Smooth Muscle
Tissue
Testis - - +++ -
Epididymis(head) - - +++ ++/+++
Epididymis(body) + - 4+ [+
Epididymis(tail) +/+ - +++ ++/+++
Ductus Deferens + - 4+ [+
Ampulla ++/+++ +++ +++ -
Prostate (body) - - 4+ +
Prostate (disseminate - - 4+ +
Vesicular gland +H++ +++ 4+ .
Bulbourethal gland - - ++ -
Penis - - +4+ ++

Relative NGF staining intensities were graded: +++ (very strong), ++ (strong), + (moderate to
weak), + (faint)- (absent), nd (not determined).
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Figure 3. 4. OIF/NGFpositive immunoreactivity (purple) is detected in the ampullae (A and B)
and vesicular glands (C and D) of bison. A, Acini showing positive (*) and negative (**)
OIF/NGF staining in the ampullar gland. B, Magnified view gfshowing positive staining in

the glandular epithelium (ET), lumen and connective tissue (CT). C, OIFf/¢GiEve staining

in the connective tissue and lumen of glandular lumen. D, Magnified view of C, showing

OIF/NGF-positive staining in the connectitissue and lumen. Scale bars as indicated.
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3.4.50IF/NGF ImmunolocalizationElk

Ovulationtinducing factofNGF was detected in the lumen and glandular epithelium of
the ampullabut not in the glandular portion of any other accessory dfigd3.5). No immune
reactivity was observed in the seminiferous epithelium or interstitial cells of the festisong
positive reaction wagletected in the connective tissue of all organs examined, and were

interpreted afissue innervatioaround blood vesse(Table3. 5).
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Table 3. 5. OIF/NGF immunereactivity in the male reproductive organs of North American Elk
(Wapiti).

Tissue Epithelium Lumen Connective ~ Smooth Muscle
Testis - - T+ T
Epididymis (head) - - ++ +
Epididymis(body) - - +++ +
Epididymis (tail) - - +++ +

Ductus deferens - - 4 +
Ampulla ++ + ++ .
Prostate gland (body) - - ++ -
Vesicular gland - - 4+ }
Bulbourethal gland nd nd nd nd

Relative OIF/NGF staining intensities were graded: +++ (very stresigjstrong), + (moderate
to weak), * (faint); (absent), nd (not determined).
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Figure 3. 5. OIF/NGF immunehistochemical staining in elk ampullary gland. A, OIF/NGF
positive staining in the glandular epithelium and lanté# the ampullary gland. Arrowheads
demark positive OIF/NGF reactions of varying intensities. B, Fibers within the connective tissue
were stained by OIF/NGF antibody. Cellular nuclei were OIF/NGF negative in this section. ET:

Epithelium; CT: Connectivedsue. Scale bars as indicated.
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3.4.60IF/NGF ImmunolocalizationWhitetailed Deer

Immuncreactivitywas detected in the epitheliuamd lumen of the prosta(@able3. 6).
The intensity of the detection in the epithelium was wesakeralcell nucleihad a moderate
reaction andreactionproductwithin the glandular lumen was scattered and infrequ€hée
bulbourethral gland had a weak reaction and was confined to the nuclei within the epithelium.
The nucle of the cells ofthe epididymis were also pdise. Strong immunoreactivity was

detectedn the smooth muscle cells surrounding the epididymal tubules.
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Table 3. 6. NGF immunereactivity in the male reproductive organs of whégéed deer.

Tissue Epithelium Lumen Comective  Smooth Muscle
Tissue

Testis + - + —
Epididymis (head) + - ++ 4
Epididymis (body) + - F++ +
Epididymis (tail) + - +++ +
Ductus deferens + - +++ +
Ampulla + + +++ _
Prostate gland (body) +/++ + +++ +
Vesicular gland - - +++ +
Bulbouretha gland + - + -

Relative NGF staining intensities were graded: +++ (very strong), ++ (strong), + (moderate to
weak), = (faint)- (absent).
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3.4.7Bioassag

The biological activity of OIF/NGFRpurified from llama/alpacaseminal plasmavas
confirmed byan in vivo llama bioassay andn in vitro PG, differentiation assay. Alfemale
llamasgiven purified OIF/NGF derived from pooled llama/alpaca seminal plasma ovulated (3/3;
100%) while noneof those treated witkalineovulated(0/3; 0%). Thusthe purified OIF/NGF
wasdeemedsuitable for subsequent studies.

Differentiation of PG, cells in vitro was observed in wells treated with recombinant
NGF, purified OIF/NGF, and seminal plasma from llamas/alpacas and(ibalde 3.7). Cells
treated with seminallasma from horses or pigs did not differentiate. The numb®&GCaf cells
inducedto differentiate (dendrite growth) was greater in wells treated WifRYNGF thanin
thosetreated withCytochrome c¢ (P<0.05), and was decredsetthe addition of antNGF (Table

3.8; P<0.05).
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Table 3. 7. Proportion ofin vitro culture wells containing®C,, cells that displayed dendrite
growth PG, differentiation assajor detecting NGHike activity) after treatment with purified
OIF or senmal plasma

Differentiated wells

Treatment

NGF 100% (3/3)
OIF/NGF 100% (3/3)
Llama/alpaca seminal plasma 100% (3/3)
Bull (bovine) seminal plasma 100% (3/3)
Equine seminal plasma 0% (0/3)
Porcine seminal plasma 0% (0/3)
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Table 3. 8. Number of differentiate® G, cells per well (mean £ SEMn 10 microscopic fields
ata magnification o#400x) after 4 days oin vitro culture with Cytochrome c or OIF/NGF, with
or without NGF antibody.

Cytochrome ¢ OIF/NGF
Without ant-NGF 0.4+0.13 17.5+5.53
With antiNGF 0.1+0.03 0.2 + 0.08

acy\/alueswith different superscripts are different P<0.05.

62



3.4.8Radioimmunossay of OIF/NGF in semen

A total of 69 and 53ejaculatesverecollected from llama/alpacand cédtle, respectively.
Parallel displacement curves were observed with recombinant NGF, OIF/NGF, llama and bull
seminal plasmgFig. 3.6) Competition for antibody binding sitesas observed in samples
spiked with OIF/NGF but not with BSA. In addition, nomlecement was found with either NT4
or BDNF neurotrophinsdemonstrahg the specificity of tle assay. The lowest detectable limit
was 10 pg/mL. The intrassaycoefficiens of variation forthe high (100 pg) and low references
(25 pg) were 6 and 11%esectively.

The total protein concentration was more thaffdl@ greater in bull seminal plasma than
llama/alpaca seminal plasma (P<0.0001), thet OIFNGF concentration was less than 110
that of llama/alpacaseminal plasmaP<0.05 Table 3.9). No speific binding or parallel
displacement was detected by radioimmunoassay with horse or pig seminal B F
represente@7.2%of total proteinin llama/alpaca seminal plasma, a@h@ of total protein in

bull seminal plasma proteins (P<0.05).
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Figure 3. 6. Radioimmunoassayigplacement curveemong purified OIF/NGFrom llama seminal
plasma llama and bull seminal plasma. The meaSEM of 4 differentcurves represent the
OIF/NGF. The log 0 concentration of OIF/NGlereesponded to 2.0 mg/mL. Diluted llama
seminal plasma (1:1) was used as the Log O value for llama seminal plasma. Undiluted bull
(cattle) seminalplasma was used as the Log O value. Parallel displacement curves are seen

among the three samples
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Table 3. 9. Comparison of total protein an@IF/NGF concentration (mean = SEM) in
llamaalpacaand bovine seminal plasma (SP

Species Total protein (mg/mL) OIF/NGF (mg/mL)
Llama/alpacs&P (n$69) 44+ 059 12+0.2%
Bovine SP (=53) 48.6 + 4.84 0.10+ 0.08

®Means (+ SEM) within columns are statistically different (P<0.05)
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3.5Discussion

Contrary toour expectation that the source of this widely conserved protein would be the
widely conserved prostate glanthe principa source of OIANGF in seminal plasma was
differentamongspecies Of the six species examined in this study, the llama, bull (cattle) and
white-tailed deer hadnmuncreactivity to OIF/NGF in the mucosa of the prost@ased orthe
presence oimmunaoreeactivity in both the glandular epithelium and glandular lumen, the prostate
gland wasthe main source aseminal OIF/NGF in llamasand alpacasbut was the vesicular
glandand ampullain bovids (cattle antison), the ampulla andthe prostate ircervids (elk and
white-tailed deerrespectively.

The extraordinary abundance of OIF/NG#muncreactivity in the llama prostate
corroborates the high level found in seminal plashiee perinuculear localization of OIF/NGF
and the pattern of OIF/NGF storage ire thama prostate gland suggest that this protein is
packaged in secretory vesicles. The diffuse pattern of OIF/NGF in connective tissue among all
species is interpreted as tissue innervaaa3].

An objective of this study was to further understand the importance of OIF/NGF in
semin& plasma between animals categorized as spontaneous and induced ovulators. The
differences in the abundance and distribution of OIF/NGF that were obsentbd present
study may relate to the biological importancé OIF/NGF in the respectivespecies. Fmale
llamas and alpacasovulated in response tbetergpecific seminal plasma but at a rate
significantly lower tharin response taamelid seminal plasnid2, 45, 54] In contrastneither
pre-pubertalheifers nor maturecows ovulatal in response to treatment witkeminal plasma or
purified OIF/NGF[55, 56] However,bovineseminal plasma giveto cowsat the time of estrus

resulted in more synchronguwvulations and tended tostimulate a more rapid increase in
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circulating progesterone concentrati@®], similar to the luteotrophic effeseen previously in
heifers {ncrease in CL diameter amlasmaprogesterone concentratipf55]. While OIF/NGF
did not influence LH secretion and did not cause ovulatiooattle treatment was associated
with the release of FSH and earlier wave emerg¢d6g Using anin vitro primary culture
pituitary cells, it appears that the trkA receptor or the mechanism for LH secretion is conserved
in micg53], llamas and catt[62]. In addition, seminal plasma has also been associated with an
ovulatory role in micg45], and estrous sghronization and luteogenesis in pigfb7, 274]
[275].

The extraordinary difference in the abundance of OIF/NGF among species suggests a
greater physiological importance in cameli@F/NGF represented approximatey% of total
protein in llam&alpacaejaculatesand lessthan P4 of total protein inbovine ejaculatesThe
difference in the OIF/NGMbBioactivity of the seminal plasma of these species was confirmed by
PCi, differentiation assayThe difference inOIF/NGF concentrationin the seminal plasma
between these two spesis consistenwith the ovarian response vivo. Seminal plasma from
bulls induced ovulation in camelids atatecomparableo that of llama®only whenthe amount
of bovine semen given was increased to an estimated equigaknbdf OIF/NGH42, 56] This,
and the finding that the endocrine and ovarian response to OIF/NGF islejmsedentin
camelids[49], provides rationale for the hypothesis thatle fertility is positively related to the
amount of OIF/NGF in the ejaculate

Other than biological importance, thdferences in the abundance of OIGN in the
ejaculate and in tissues in the present study may have been influenced by the method of semen
collection and season of the yelalamdalpacaejaculates were collected by artificial vagina and

phantom mount while bulls were collected by electoejation.Protein configuration within
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ejaculates can be altered by collection metiAodomparison of the seminal plasma proteome in
cats where semen was collected by electroejaculation or urethral catheterization found that while
total protein concentt®ns were not different, two proteins were absent and the abundance of
three different proteins were higher in samples collecteelbgtroejaculatiorf{276]. Similar
results were found in Guirrams; the concentration of two proteins were hegland one protein
absent in samples collected &lgctroejaculatiomn comparison to samples collected by artificial
vagina[277]. These observations confirm that the ejaculation nrestrais somewhat altered
with electroejaculationin addition, semen was collected findlamagalpacasiuringthe summer
months while semenwas collected from bulls during winter and spring montidthough
camelids and cattle are not seasonal breedeesdimensional electrophoresis of ram seminal
plasma identified at least 16 proteins which quantitatively changed in relation to the season
[278].

Interestingly, ndOIF/NGFwas detected in the seminal plasma of horses or pigg!sr
PC, assay or by radioimmunoassayn a recent studyinvolving multidimensional
chromatography to compare seminal plasma proteins among sii2€i88GFwas foundn the
seminal plasma of bulls, stallions and camelids but was absent inf#®garEhisis in contrast to
the results ofa previous studyn which boar seminal plasma given intramuscularly induced
ovulation in 18% (3/17) llamapi5]. In the latter study, ¢dwever, a biological response was
observed using a volume that was fiiaes greaterthan that of llam@a seminal plasma
Histological confirmation of OIF/NGF in horse édupig male reproductive systewas not done
in this study.SinceOIF/NGFwere not measureable in the seminal plasma of horses and pigs but

can still induce an ovulatory response in camekagigests that the quantity thfis protein is
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very low, below the detection limit of our assay, perhaps there are other factors in addition to
OIF/NGF in seminal plasma than can trigger an ovulatory repose in camelids.

OIF/NGF in testis and epididyhes, and spermin this study, a strong reaction was
detected in the seiniferous epithelium of cattle but not in llamas. In an earlier stdi{yF
immuncreactivity was detected in the perinuclear cytoplasm of germ cells from prepubertal and
pubertal alpaas [250]. However, it was mentioned that the immuohetection of NGF had
decreased in mature -2donth old alpacas in comparison fwepubertal 12-month old
alpacaf250]. In our study, all animals used were puberiie detetton of NGF innuclé in the
seminiferous epitheliuraupports that NGF is a mitogenic fa¢&#9, 280]or transcription factor
[281, 282] NGF stimulated meiotic DNA synthesis of preleptotene spermatocytes cultured in
vitro culture in a doséependent manng283] and also rapidly induced the expression of genes
involved germ cell differentiatid@84, 285]

One of the most interestingbservations from this study was the abundance of the
OIF/NGF present within thevascularendotheliumcirculatory system. Fighting episodes, male
aggression or stress mice caused a dramatic increaseNiGF levels in circulation209, 286,
287] andin both mMRNA and proteirlievelsin the hypothalamuf68]. The administratiorof
testosterone propionate did not elevd@F levels in nonaggressive males but augmented serum
NGF levels in aggressive mal¢286]. Thesalivary glandsand not the male accessory genital
glandswere thesource ofNGF secretion in miceelated to aggressive episod#sceno change
in NGF concentration was observeshce thesubmandibulasublingual salivary glands were
removed[209, 286] However, the detection dDIF/NGF in the vascular endotheliumn male
reproductive tissuesuggeststhere areadditional source of OIF/NGF found in circulation.

Uptake into circulatiorsuggests that endogenous NGF has a direct effect on spermatagenesis
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The presence of the high affinity (trkA) and low affinity (p75) NGF receptors in male
reproductive organs andepn suggest a role for NGF on spefanction[249, 251, 288, 289]
Correspondingly, th®©IF/NGF receptors have been localized in the testes and their expression
changes in relation to the hormonal state and stagiee cycle of the seminiferous epithelium
[283]. In rats, the low affinityOIF/NGFreceptor was detected in the plasma membrane of Sertoli
cells and its distribution to either theieal or basal regions of the cell was dependent on the
stage of the cell cycl@83]. The expression of the p75 receptor in Sertoli cells was detected only
in stages VII and VIII of he seminiferous epithelium cycle which corresponds to the stages of
meiosis [283]. During these stages, the p75 receptor is down regulated by testosterone.
Testosterone has also bedwn to downregulate p75 expression in certain regions of the brain
[290]. Rats infused with NGF directly into the testes resulted in an increase of antdiemy
protein mMRNA in Sertoli cellf291].

In most caseshe distributionof OIF/NGF was similar betweeanimals among species.
One remarkable difference wabservedn the headof the epididymis of the rat. The detection
of OIF/NGF in proximity to stereocilia of rat 2, suggests the absorptio®@I6¥NGF into the
epithelium. The weak detection 6F/NGF in developing germ cells was different from what
was reported previously in rat whe®IF/NGF was detected in germ cells of aliages of
spermatogenesis as well as in mature spermatf2Zbg 283] No reaction, however, was
observed in Sertoli or Leydig cel[210]. In rats OIF/NGF was detected in the cytoplasm of
developing germ cells but was absent in Secells and wasfound in very few interstitial cells
The weak reaction dDIF/NGFin the cytoplasm of developing germ cells may be the result of
dose or antibody affinity. In the present studyilatidn of primary antibodyof 1:200 was used

to visualize OIF/NGF immuncreactivity because no reaction was observed withdihgion
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used for the other tissue (1:400n one studythree different antibodiewere usedo screen
OIF/NGF in male mice genitali]and immuncreactivity wasdetectedwith only one ofthe
antibodies[210]. The same antibody was used for ather tissues from all species in this
experiment to allow direct comparison of staining intensities. In additionjtro studies to
confirm antibody specificity of binding to OIF/NGF, detection of monomer, dimer and
prohormone forms, and the suppressionQIF/NGF neuite growth from PG, cells were
conducted in our laboratory.

We conclude that the prostate gland is phenary source oDIF/NGFin the ejaculates
of llamasand whitetailed deerbut not in otherspecies.The purpose foOIF/NGF in other
species is unclear and needs further investigation. The differences observed between animals,
such as rats and bison, icate thatOIF/NGF abundance differs among animals of the same
species.Use of the methodology developed in the present study will enablagtesdt the

hypothesis that male fertility is positively related to the amount of OIF/NGF in the ejaculate.
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4.0THE RELATIONSHIP BET WEEN OVULATION -INDUCING FACTOR/ NERVE
GROWTH FACTOR (OIF/NGF) AND MALE R EPRODUCTIVE PHYSIOGNOMIES IN
LLAMAS AND ALPACAS

4.1 Abstract

Ovulation in camelid is initiated by the seminal plasma protein, ovulation inducing
factor/nerve growth factor (OIF/NGF). The intramuscular administration of OIF/NGF has
demonstrated that this protein elicits an ovulatory response in addpsadent manner.
However, the almdance of this protein banot been quantified in canadito ascertain whether
the concentration is variable among males. We hypothesize that the abundance of OIF/NGF
differs among males and that OIF/NGF concentrasaorrelated with normozoospermicnsen
samples. The objectives of the present study were to determine if OIF/NGF quantity in seminal
plasmais associated with male reproductive parameters and to elucidate the variability of
OIF/NGF levels in alpaca ejaculates. The experiment was conducfedirasachata research
station in Peru and ejaculates (nO3/ani mal)
collected by artificial vagina and the duration of breeding, sperm concentration, semen pH and
volume, total protein and OIF/NGF concentratiovexre recorded. Total protein concentrations
were quantified by Bradford’s assay and OIF/NGF concentrations were quantified by
radioimmunoassay. Areas of the testes, bulbourethral and prostate glands were estimated by
calipers (testes) and transrectalagonography (bulbourethral and prostate). Although OIF/NGF
concentration was not related to sperm motility, vitality or morphology, there vpasitve

association with sperm concentration. The total quantity of OIF/NGF per ejaculate, however,
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was not assciated with any semen parameter and was related to prostate area, duration of

mounting and semen volume.
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4.2 Introduction

Ovulation in South American camelids occurs naturally following mating. The current
hypothesis suggests the male ejaculate amostan abundant protein that is absorbed into
circulation via penile abrasion of the uterine lining, stimulating LH release and initiating the
ovulatory mechanisn48, 171, 239, 292]This protein was originallyeferred to as ovulatien
inducing factor (OIF)48, 246] but recent studies have revealed that this protein is identical in
sequence and structure to the neurotrophin, nerve growth factor (R&FMO0] For clarity and
continuity, the factor isolated and purified form camelid seminasrpa will be referred to
herein as OIF/NGF. The existence of OIF/NGF or an ovulatory effect of seminal plasma have
been documented in the ejaculates of several species including cd8@Hds, bulls[44, 293]
koala[294], boar§45, 295] stallion$45], mice[45] and mer{46].

The isolation of OIF/NGF from camelid seminal plasma has allowed the ability to
directly study the effect of OIF/NGF on female physiologe administration oOIF/NGF to
llamas or alpacas, increases circulating lewgélsH within 15 minutes. In comparison to GnRH,
the LH surge lasts longer with OIF/NGF administration and the resulting CLs formed, are more
luteotrophi¢48, 52, 171, 239, 292]Ovulation rate, LH and progesterogencentration in
circulation and CL lifespan are influenced by the dose of OIF/NGF administered when given
intramuscularly{49, 52] It remainsto be elucidated whether the abundance of OIF/NGF varies
among males and if this differenisemanifested in an attenuated ovulatory response in females

The primary source of OIF/NGF is the prostate glama&amelids(Chapter 3,Bogle
Thesis, 2015). he ability of vasectomized alpacas and llamas to induce ovulation in females

clearly demonstrate that sperm and factors derived from the epididymis and testis are not
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required[12]. However, the presence of the high affinity receptor (trkA) and low affinity
receptor (p75) for NGF in male reproductmgans and sperm suggest a role for NGF in sperm
function [249, 251, 288, 289]In support of this notion,he addition of exogenous NGF to
golden hamster semen increased sperm motility in a- dosg® timedependat manner, and
increased the percentage of sperm that underwent the acrosome rd@joiihe addition of
NGF to human ejaculates imased motility in progressively motile spef2b5] and in bovine,
exogenous NGF increed sperm viabilityf249].

Few reports are available on the concentration of NGF in mammalian semen or its
relationship with sperm morphology and function. In one study, NGF concentration in human
seminal plasma was quantified using an enzlimleed immunosorbent aag with values that
ranged from 0.13 to 1.4 ng/mR96]. The variation in KBF concentration in seminal plasma
were not attributed to male fertility as no difference were observed among fertile,
oligoasthenozoospermic or asthenozoospermic men (0.82 £ 0.1 ng/mL, 0.68 £ 0.2 ng/mL and
0.79 + 0.1 ng/mL, respectivelyj46]. Nevertheless, the associations between OIF/NGF
concentration or total abundance in an ejaculation with male reproductiametars has not
been elucidated in alpacas. We hypothesize that ejaculates containing greater quantity of
OIF/NGF will also have better semen quality in terms of sperm concentration, motility and
viability. The objectives of the present study were to diednine OIF/NGF concentrations in
alpaca semen and 2) to evaluate trelationships between OIF/NGEoncentratiofiotal

abundancén the ejaculate with male reproductive organs and semen characteristics.
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4.3 Materials and Methods

4.3.10IF/NGF radiommunoassay

Total protein concentration of seminal plasma was quantified using Bradford's method
according to the n2v2 (Blo-RadtLaboratoriéssMisdissaugac @ntamon s
Canada), and OIF/NGF concentration was measured by validated -@Godibledy
radioimmunoassay (Bogle et al., 2014, Chapter 3 PhD thesis). Purified, biologically active
OIF/NGF isolated frompooled llama/alpaca seminal plasma was labeled Wihby the
chloramineT method[270]. The primary antibody was a rabbit ahtiman NGF polyclonal
antibody (Sata Cruz Biotechnology, Dallas Texas, USA) and was used at a dilution of 1:1000.
The secondary antibody was goat serum raised against rabbit globulins (Western College of
Veterinary Medicine, University of Saskatchewan, Saskatoon, Cd@dad@ Seminal plasma
samples were diluted with PBS to a concentration that was within the range of assay detection.
Values were then corrected for their dilution factor. Samples were assayed in duplicate with a
standard curve ranging frothto 200 pug/mL. The lowest detectable limit of the assay was 10
pHg/mL. Within each experiment, all seminal plasma samples were measured in a single assay to
remove interassay variation. The inttesay coefficient of vari@n for the low (25ug) and high

(100 pg references were 10% and 6%, respectively.

4.3.2Semen collection
The study was conducted during January and February (rainy season) at the Quimsachata
Research Station in the department of Puno, Peru (15°S, 71°W, and 4500 m above sea level).

Males were chosen from a herd of about 100 based on their ability to serve the phantom mount.
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Males (n=39 Huacaya and n=8 Suri) ranged frofi¥4years of age, 484 kg body weight, and
were maintained on natural pasture throughout the study.

Animal procedwes were performed in accordance with the guidelines of the
Canadian Council on Animal Care and were approved by the University of Saskatchewan
Protocol Review Committee.

Males were trained to use the phantom mount for a thesk period before sample
collections. Acceptance of the phantom mount was encouraged by applying freshly collected
vaginal swabs of urine from receptive females to the phantom mount and orifice of the artificial
vagina. In some instances, a live receptive female was placed Wesigleaintom mount to train
the male to associate it with copulation. Once the association was established, a live female was
no longer used. To facilitate the workload, males were divided into one of three collection
periods (first group: n=16 males; secaydup: n=16; third group: n=15). Semen samples from
males within groups were collected on the same day using four separate phantom mounts.
Ejaculates were collected twice from each male on each of 6 collection days, with at least five
hours of rest betweecollections on a given day, and at least one full day of rest between
collection days. The duration of mounting and time of day were recorded for each collection
period. Males were allowed six independent opportunities to service a mount. A successful

cdlection was defined as the ability of a male to mount and give a sample that contained semen.

4.3.3Analysis of ejaculates
Ejaculates were evaluated for semen volume, froth volume, viscosity, pH, sperm
concentration, motility, viability and morphologysemen volume and froth volume were

determined directly from the collecting tube (BD Biosciences, San Jose, California). Semen
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volume was defined as the liquid portion of the aliquot at the bottom of the tube; the froth
volume was the foamy portion thatw not liquefied. Viscosity was determined by aspirating
semen through an 18 Ga needle, placing a drop onto a glass slide and pulling the semen mass
upwards. The distance from the initial drop of semen on the slide to the maximum distance
before the semeretracted back to the slide was taken as the viscosity measurement. Samples in
which viscosity resembled that of water were given a measurement of 0 mm. Semen pH was
measured using a pheter (Hanna Instruments, Premier Farnell UK Limited, Leeds, United
Kingdom) and confirmed with a litmus paper (Whatman/GE Healthcare, Mississauga, Canada).

Semen concentration was estimated using a Neubauer hemocytometer. Semen was
homogenized using a transfer pipette and a 10 pL aliquot was aspirated and placed @eeach s
of the hemocytometer chamber. The mean number of sperm counted in both chambers was used
as the concentration. Samples where no spermatozoa were observed in fresh preparations were
considered azoospern{9o7].

Total spem motility was determined by observing a minimum of 10 fields at random
using a light microscope under 400 x. Sperm viability and morpholage @valuated using
EosinNigrosin stain. A minimum of 20 fields and 200 sperm per sample were assessed for both
live-dead and sperm morphology counts under 1000x with immersion oil. The sperm were
examined for defects of the head, mid piece, principle piece and acrosome. Samples with a low
sperm concentration (where 200 sperm were not counted) were excluded frgmology
analysis. Analysis of all ejaculates was done by the same operator.

Ejaculates were processed according to previous sti4die48]with slight modificdion:
ejaculates were centrifuged first at 500 x g for 15 minutes to separate plasma from spermatozoa

without breaking/disrupting cell membranes. The supernatant waentefuged at 1500 x g for
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15 minutes. An aliquot of seminal plasma was viewed unéightamicroscope to ensure that no
spermatozoa remained in the sample. If sperm were present, samples-eegrifteged at 1500
x g for 15 minutes until no sperm were observed under a light microscope. The seminal plasma

was stored in liquid nitrogen tihassay.

4.3.4Morphometry of testis and accessory sex glands

Testis area (mf) was calculated by vernier calipers. Thaximumheight and width of
the right and left lobes of the body of the prostate (prostate gland arép: anchthemaximum
heightand width of theright and left bulbourethral glands (bulbourethral gland ared)mere
estimated by transrectal ultrasonography (7.5 MHz linear array transducer, MyLab Five, Esaote,
ltaly: Fig. 4. 1). The area (A) formula for an ellipse was used tamede the area of each
accessory glandi “ OAAEEDAQ@EIXA AE &B1AXE The areas of the left and
right lobes of the prostate gland and left and right bulbourethral glands were summed,
respectively, to provide a total area measurenfatessory sex gland, testis and a bloachgle

for testosterone measurement were taken once, on the same day, during the collection period.

4.3.5Testosterone concentration

One blood sample was collected from eachemadiliring the collection periothto
heparinized tubes by jugular venipunctu(BD Biosciences, Mississauga, Canada) and
centrifuged at 1500 x g for 15 minutes. The plasma was aspirated and ste2@dCatuntil
testosterone assay. Testosterone concentrations were measured using a commercial

radioimmunoassay kit (Siemens Medical 8mins USA, Inc., Malvern, PA, USA). All samples
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were measured in a single assay. The{assay coefficient of variation for the low, medium and

high references were 14%, 6% and 5%, respectively.

4.3.6Statistical analges

Statistical analyses were perined using the Statistical Analysis System package
(SAS, Learning Edition, version 4.1, SAS Institute Inc., Cary, NC, USA, 2006). The
concentration of OIF/NGF and total OIF/NGF among males were compared by kruskal
Wallis nonparametric test. The degreeheterogeneity of OIF/NGF concentration and total
abundance within males were assessed by Kruskal Wallis nonparametric test of the absolute
values of residuals from the mean. Stepwise regression was used to build a prediction
model forthetotal OIF/NGF gr ejaculate.

Spearman's rank correlation was used to determine the relationship between
variables. Student'stest was used to compare differences in semen parameters between the
first and second ejaculates on a given collection day. All data are rdpstmean + SEM
and P O 0.05 were considered significant,

trends approaching significance.

4.4 Results

4.4.1 Relationship between OIF/NGF concentration and other characteristics of the ejaculate
A total of 316 collections were attempted and a total of 243 ejaculates were collected and
analyzed. Failed collections (n=73) were due to 1) inclement weather (38/73), lack of libido

(26/73), failed ejaculation (6/73) and urine contamination (3/73). The means (xSEM) f
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endpoints measured are shown in Tallds4.3. Only 9.1% (22 of 243) of ejaculates did not
contain spermAlmost all ejaculates had frot{241/243; 99%). The only endpoint which
correlated with amount of froth was owmwiewmti ng
of male reproductive endpoints and sperm morphology are shown in Tablds34ahd Fig.4.4

4.3.

The mean concentration of ENGF per ejaculate was 6.1 £ 0.7 mg/mL and the total
OIF/NGF per ejaculate was 7.0 £ 1.1 mg (n=153). Total protein concentration and protein
content per ejaculate were 11.6 + 1.4 mg/mL and 15.5 £1.9 mg, respectively. The amount of
OIF/NGF per ejaculate drper mL of seminal plasma were different among males (P=0.03). The
heterogeneity in both OIF/NGEoncentration (P<0.0001) and total abundance per ejaculate
(P<0.0001) was reflected in the analysis of absolute residuals for each male. The majority of the
gjaculates collected contained more than 250 g of OIF/NGF (Badle

Correlations between all endpoints are shown in TaBleOIF/NGF concentration was
positively corréated with sperm concentrati@md total prostate area and negatiweith semen
volume, viscosity,pH and bulbourethral area. Total OIF/NGF per ejaculate was positively
correlated with OIF/NGF concentration, prostate area, duration of mounting and semen volume
(Table4. 5). The application of stepwise multiple regression analysisated 3 independent
variables, namely OIF/NGF concentration, semen volume and prostate area to predict the amount
of total OIF/NGF per ejaculate with 56%%®.56) total variance explained (TaHles).

Overall, first and second collections on a agivday did not differ in OIF/NGF
concentration (6.3 + 1.0 vs. 5.1 £ 1.0 mg/mL; P=0.43), total OIF/NGF per ejaculate (7.7 £ 1.6 vs.
54 + 1.3 mg; P=0.33), semen viscosity (3.0 £ 0.3 vs. 3.2 £ 0.3 mm; P =0.58), sperm

concentration (89.3 + 14 vs. 62.1 + 9.2& sperm/mL; P=0.16), or percentage of motile sperm
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(39.3 £ 2.4 vs. 40.0 £ 3.1; P=0.86). Similarly, sperm morphology was not different. The duration
of collection (24.8 £ 0.6 vs. 22.3 + 0.6 minutes; P=0.01), semen volume (1.9 £+ 0.2 vs. 1.1 £ 0.2
mL; P=003), and pH (7.6 £ 0.04 vs. 7.5 + 0.05; P= 0.03) were greater in the first ejaculate of the
day than in the second.

Sperm morphology was not associated with OIF/NGF concentration or total amount in
the ejaculate (Tablé.5). Abnormal head shape was mtie# commonly observed morphologic
defect in ejaculates, followed by midpiece defects (Tdbl& Figs. 43 and4. 4). Head defects
were higher in older males (} =0. 2-60.20;PRO0D). 007)
lower acidieneutral semen pHj} (= 0 . 2=0.01). Midpiece abnormalities were negatively

associated wit h023;P=00). mot i ity ()} =
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