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ABSTRACT

The aim of this review was to summarise recent kadge of the physiology of semen production and
management of rabbit bucks. As in other mammals, shermatogenesis is affected by many
environmental factors (temperature, light, agerofmals, feeding strategies, health status) as agll
by semen handling (dilution, temperature, and deydiof storage). Optimal conditions of rearing
rabbit bucks can improve the quality of semen peimgi to produce additional doses with higher and
more stable fertilizing ability. In addition to these of rabbit as a component of the food chabbita
bucks or spermatozoa could be usefulnasivo or in vitro toxicological models for some chemical
compounds. A peculiar aspect of rabbit semen iddifge presence of granules produced by prostate
gland which, after ejaculation, make contact withrmatozoa. These granules seem implicated in the
synchronization between ovulation time and the smmee reaction. Since in rabbit does the ovulation
occurs after several hours from mating, it is hygmypothesisable that during this lag-phase seminal
particles contribute to delayed premature capamitabnd acrosome reaction and maximize the
likelihood that an ovulated egg would meet spera@adn the best functional state.
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INTRODUCTION

In commercial rabbit farms, Artificial Inseminatiqil) is widely employed and this diffusion has
contributed to the increase in knowledge of spevawd metabolism and management of rabbit bucks.
Many factors affect seminal traits (Bodi al, 2005) and thus it is crucial to define suitgtetocols

to improve spermatozoa characteristics (Betiial., 2002 a, b). Hence, it is possible to produce more
doses of semen with higher “expected” fertility amith less variability.

Semen is a mixture of spermatozoa, produced biclest and seminal plasma secreted at different
sites by accessories glands and by the epididymbigh are combined at the time of ejaculation.
Seminal plasma also contains other particles d¢mint size which affect the spermatozoa behaviour
during the transit along the female reproductieett{see Figure 1).

Semen evaluation must provide information on theilifeng ability of spermatozoa. The most
relevant parameters correlated with the fertilayerare the number of spermatozoa inseminated and
their motility, although the use of a single attitid is not sufficiently accurate to predict thdifieing
ability of the semen (Lovet al., 1998; Colenbrandegt al., 2003; Lavareet al., 2005). Additional
semen traits or composite indexes better predectfdttilizing capacity of spermatozoa. Quintegio

al. (2007), developed a composite index using a naritite regression approach by entering several
parameters of rabbit semen (motility, sperm abnbtie® and altered acrosomes), which better
predicts the fertilizing ability and the prolificaof semen samples.

The low correlationbetween individual semen traits and fertility cdsoabe explained by other

reasons such as the usespérm/Al in excess that masks the effect of sews=alen quality traits on
fertility (Castellini and Lattaioli, 1999; Tarddt al.,1999).
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However, variation in the seminal characteristekmnown to be affected by many factors (genetic
strain, feeding, health status, rearing conditi@eason, age and collection frequency), thus
contributing to the large variability in semen tsafAlvarifio, 2000). Furthermore, the complexity of
semen evaluation is such that substantial varighbéimong laboratories can be introduced in the
evaluation of sperm parameters (sperm counts, itpaitd morphology; WHO, 1999).

The purpose of this paper was to analyse the niaysiglogical aspects of rabbit semen production
and the effect of the management of bucks.

ROLE OF SEMINAL GRANULES IN THE PHYSIOLOGY OF SPERM AFTER
EJACULATION

Recent scientific evidence has shown that thequdatie fraction of seminal plasma plays an impdrtan
role in reproductive physiology of several mamn@@es. These particles are secreted by different
accessory glands of the male reproductive appamatdsthus their biochemical composition and
function vary from species to species.

Seminal particles have different dimensions: lapgaules about the sperm head dimension, abundant
in rabbit semen (Zanibordt al., 2004), and small particles described in severaéromammalian
species (Ronquistt al., 1978; Breitbart and Rubinstein, 1982; Garwal arahh& Pertulla, 1987,
Forneset al.,1991; El-Hajjet al.,2004).

The electron microscopic view of these particlegfe 1) shows a prevalent round shape and the
presence of clubbed cytoplasmic protrusions witllsaetaching vesicles. According to Medt al.
(1968), rabbit semen granules are not homogeneadisage composed by different populations of
vesicles. They show different sizes (0.5a® diameter) and are generally surrounded by a bilam
membrane containing a scarcely organized electeosa material.

It has been postulated that these particles maeltiheg capacitation process and acrosome reaction
(AR) of spermatozoa (Davis, 1974), kinetics of spéBStegmayr and Ronquist 1982; Fabiahil.,
1995), immune-response of female tracts (Kelyal., 1991; Skibinskiet al., 1992; Miodraget al.,
1995; Johanssaet al.,2004;), as well as the transit of spermatozoaenfémale tract.
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Figure 1. Transmission Electron Microscopy of rabbit serhigeaanules (original magnification
x 11,500); arrow: small detaching particles

These particles, largely found in rabbit semen (#50F°/ml; Castellini et al., 2006b), seem to be
mainly involved in the control of capacitation atite acrosome reaction (Table 1). In fact, the
presence of seminal granules significantly redilsesesponse of spermatozodrnaitro inducers of

the acrosome reaction and as a result the leveddicitated spermatozoa is almost equal to zero. On
the contrary, when granules are eliminated by PHe®aentrifugation the decapacitative effect is
virtually removed.

Table 1 Effect of seminal granules on spontaneous ordaduacrosome reaction and capacitated
sperm of rabbit (modified from Cardinai al.,2008)

Spontaneous acrosome Induced acrosome .
P reaction (%) reaction (%) Capacitated (%)
Raw semen 12% 34.8 22.0
Percoll ® selected sperms 28.5 59.9 31.4
Percoll ® selected sperms + granules 26.2 28.5' 2.3
Pooled Standard Error 5.9 4.2 1.9

a-¢on the same column: PG<05

The decapacitative effect would be ascribed ta¢hease of decapacitating factors by such partases
showed by the lipid composition and the occurreoicecto-enzymes. Indeed, seminal particles are
characterized by large amounts of cholesterol ahthgomyelin (respectively 310y/10° and10.20%

of fatty acids - Castellingt al., 2006b) and, contrary to most of biological memlesarspermatozoa
included, have a molar ratio of phospholipid: cktéeol of approximately 1:2 (Arvidsaet al.,1989;
Arienti et al., 1997). It is well-known that cholesterol and phodpids modulate membrane fluidity
(Darin-Bennett and White, 1977). In spermatozoaladterol is regarded as the main inhibitor of AR
since cholesterol release is required for the atitm of a trans-membrane signal transduction feadi
to sperm capacitation.
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Granules and seminal plasma probably act as darficterols in order to protect spermatozoa against
environmental shock and premature acrosome readicrording to Cross and Mahasreshti (1997),
the inhibitory activity of seminal plasma on ARnminly contained in such granules and cholestsrol i
the major inhibitor.

In addition, it should be considered that semimahgles are very rich in tocopherol (38.7 mmol/l
more than 50% of semen tocopherol — Mounetkal., 2008). The antioxidant activity of tocopherol
(Saezet al., 1998), lowering the free radicals in the semen l(denirandeet al., 1997), could
contribute to reducing the responsiveness of sgerna to exogenous stimuli.

Nicanderet al. (1974) demonstrated that these particles are teelcbhy prostate gland, mainly in the
first lobe, called pro-prostate (Figure 2), andrthele as modulators of capacitation and AR altng
female tract is particularly sound in rabbit. Theulation reaction in the rabbit female is not
spontaneous but is induced by coitus (Jagteal., 1976). Ovulation occurs about 10-16 hours after
mating and during this lag-phase rabbit spermatozost avoid premature capacitation and AR and
seminal particles contribute in delaying this psxe

Giojalaset al. (2004), comparing human and rabbit spermatozaggesi that the timing and duration
of the capacitation is programmed according toehg availability in the oviduct: long in periodic
ovulators and short in induced ovulators, suctabbits. Indeed, Brackedt al. (1982) reported thai
vitro capacitation of raw rabbit semen is long and diffi whereas Percoll ®-selected spermatozoa
(without granules) show a faster rate of capacitatiThis circumstance maximizes the possibilities
that an ovulated egg would meet spermatozoa ibekefunctional state.

FA

Figure 2: Histology of rabbit pro-prostate (original magodtion x 200). Fibrovascular axes (FA) and
seminal granules (G) still attached to the secyatells and free in the gland lumen (from Cardieali
al., 2008)

According to this hypothesis involving seminal pies the acrosome is stabilized by two groups of
factors: some of them are of epididymus origin (Ba1973; Reynold®t al., 1989; Frasekt al.,
1990), and are probably effective during spermainzamaturation, whereas other factors (i.e. seminal
particles) may have a crucial role in regulating &Ring the passage in the female apparatus and are
secreted by other glands of male reproductive abpsr
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FACTORS INFLUENCING SEMEN PRODUCTION
Individual and genetic

The variability of semen characteristics in malebits is generally highMoceet al.,2005);however,
the sperm traits of some genetic strains expossttitd protocols of rearing (light, temperatureed)
and collection frequencies has shown lower vaiitgbaithin and between bucks (Theau-Clement
al., 2003).

Differences between genetic types of bucks have bEen found for semen characteristics and
fertility. Viudes et al. (2004), and Brunet al. (2002a, 2004) observed differences in semen
characteristics for males from different genetioed and from crossbred and purebred males.
Crossbred sires tended to expressoglerate advantage for various semen traits, bahvgbemen from
these bucks was used for Al, a negative heterffectewas observed. Therefore, the use of crossbred
males may not provide a major advantage with radpethe use of purebred males from sire lines.
These differences could be explained by differencewaternal genetic effects and the existence of
heterosis for this trait (Garcet al.,2006).

Frequency of collection

Collection frequency has an important effect oneseicharacteristics: two ejaculates collected once a
week (with an interval of at least 15 min) alloves the best semen production (Bencheikh, 1995,
Moce et al., 2000) both in terms of quality and quantity. Casedy, too long collection frequency
(every 14 d) exerts a depressive effect on spertpubiprobably for the scarce sexual stimulus
followed by androgen reduction (Castellgtial.,2006a).

Collection frequency affects not only sperm producbut also the concentration of seminal granules:
daily collection, in comparison to a collection pveveek, reduced the spermatozoa and granule
concentration even if granules showed a more sttidehigher production (Castellief al.,2006a).

Light

Light length affects the hypothalamus-pituitary saxand consequently hormonal release and
spermatozoa production. A daily constant 16L:8Dhtligprogram increases sperm production
(qualitative and quantitative aspects) compareti wishorter light length (8L:16D, Theau-Clément
al., 1994). By contrast, light intensity did not sigo#ntly affect semen characteristics (Besenfedder
al., 2004).

Age

Sexual maturity occurs approximately at 5 monthspénhding on the strain) and semen quality
generally decreases in older rabbit bucks. Recestlne authors showed that the sperm chromatin
structure of the semen of rabbits between 5 anth@8ths of age significantly changed. Changes in
chromatin structure suggested a relatively higbibty of sperm chromatin in the rabbit. The lowest
percentage of sperm with damaged chromatin (1.%spwas observed between 6 and 16 months of
age. Decreased sperm chromatin stability was faumjlaculates taken from male rabbits less than 5
months and more than 20 months of age (Gegal.,2002).

Spermatozoa of aged animals show less stable magthend they seem more vulnerable to dietary
deficiency of polyunsaturated fatty acids (PUFAstedini et al.,2003a).

Health status

It is widely known that inflammation of the malepreductive apparatus (O'Bryast al., 2000)
worsens various testicle functions and seminal adtaristics by affecting biosynthesis of pro-
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inflammatory eicosanoids (prostaglandins and leugas) and cytokines (Knapp, 1990).

A high concentration of leukocytes during spermatwsis or after ejaculation caused by
inflammation/infection can deeply reduce the initggiof acrosome by increasing free radical
production. Bucks' health has to be regularly ailgd mainly in aged animals.

Feeding protocols

Regarding the quantity of feed that should be awht@ired to rabbit bucks, Luei al. (1996) showed
that a restricted dietary protocol redutibglo and some seminal traits. However, the most importa
factor is not the amount of diet furnished butiemical characteristics.

Specific recommendations for rabbit bucks are wailable (de Blas and Wiseman, 1998), and only
some specific requirements have been established.

Crude protein
Diets with more than 15% of crude protein are rememded to assure suitable sperm production
(Nizzaet al.,2000).

Fat

More critical than the total amount of fat is adaled fatty acid composition (Wesley, 1998). In
mammalian spermatozoa, a very high amount of lipigsPUFA of n-3 and n-6 series (Apel-Rdz
al., 2003), which are associated with the membraneéifiuand its competence. Animal species are
not able to synthesize essential PUFA (C18:2n-€18:3n-3) and the diet has to provide adequate
amounts of these fatty acids in the form of preoe¢C18) or elongated (C20) fatty acids.

Our previous research has shown that dietary atddf PUFA n-3 modified several traits of rabbit
spermatozoa (Table 2: Castelliet al., 2003b; Castelliniet al., 2004). Relevant modifications
regarding the motility and the kinetic traits ofesm cells (curvilinear velocity and lateral head
displacement) is probably due to higher membraastielty in spermatozoa of n-3 supplemented
group. The best results occurred when 2% fish 86 #@xseed were added to the diets (Castedini
al., 2005).

Table 2 Effect of dietary supplementation with n-3 fattgids on semen traits of rabbits (modified
from Castelliniet al.,2005)

Treatment Control Fish 2% Flaxseed 5% Flaxseed 20%
Concentration n.xZoml 353 410 389" 492

Motile cells % 69.9 76.8 72.9° 79.0
Curvilinear velocity nm/sec 108 123 115 130

Linearity % 488 42.6 47.0 43.8

Lateral head displacement nm 3.62 4.09 3.87° 434
Spontaneous acrosome reaction % 13.5 13.5 15.6 0 14.
Induced acrosome reaction % 31.0 36.6 354 37.7
Capacitated sperm % 175 23.P 19.8° 23.7

2-¢on the same raw: P&05

On the contrary, high levels of cholesterol in tlet alter the metabolism of Sertoli cells (Yamamot
et al.,1999) and the normal process of spermatogenesiar{dnd Lutwak-Mann, 1981).

Antioxidant protection

The high unsaturation levels of spermatozoa menebn@mder these cells very susceptible to
peroxidation (de Lamirandet al.,1997), which degrades membrane structure, spetabelesm and
DNA integrity (Jone%t al.,1979).

The more common way to increase the antioxidstability of semen is to fortify diets with
antioxidant molecules. Alpha-tocopheral-T) is retained as one of the most powerful antarts
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and high dietary levels of-T, mainly if associated with vitamin C (Castelliat al., 2000a, c;
Castellini et al., 2001b; Castelliniet al., 2003b), is effective in limiting the oxidative dage of
semen.

However, the bioavailability o&-T in blood and in semen is non-linear: rabbit ufdd 200 mg/kg
a-T acetate showed a proportional increase aftgr bmbeek of administration (Castelliet al.,2002;
Castellini et al., 2006c). Studies using deuteratadl demonstrated that newly administered a-T
rapidly displaced ‘olda-T in plasma rather than proportionately increashrgtotal plasma-T level
(Traberet al.,2001).

It should be noted that-T in rabbits has a lower bioavailability than inrhans (Galliet al., 2001)
probably because of the low fat, high fiber of raldiet which limits vitamin E absorption (luliaret
al., 2001).

To decide the amount &-T to be used as well as the way in which it shduddadministered, a
suitable tool was the analysis of the maei catabolite (Carboxyethoxychroman: CEHC) in rabbi
urine. Rabbit bucks supplemented with a mono-dése Dacetate (800 and 1600 mg/animal) after 24
hours showed large differences in CEHC concentraxording to the dose administered (Figure 3)
but at the same plasma levelasiT. After 72 hours the CEHC level in the urine was same without
any increase in the-T plasma level.

1600

12001
= 0200 mg/kg
e 800 B 800 mg/kg
= B 1600 mg/kg
400

L

Figure 3: Carboxyethoxychroman (CEHC) levels in urine oblbia bucks 24-72 h aftea-T
administration

24 h 72 h

Considered together, these findings may be usdéftne the amount a-T to be used as well as the
way in which it should be administered. Doses thateed the capability of saturable enzymes and
plasma transporters have no effect on dh€ bioavailability becausa-T in excess is eliminated.
Therefore, continuous supplementation not exceettiegolasma-T threshold (absence of CEHC) is
more efficient than the use of single mega-dosestlmi et al.,2007a).

In semen, The trend @&-T is even more complex than in plasma. As in opacies, the standard
level of a-T in rabbit semen is relatively low (0.2-0.9 mnkoMarin-Guzmanet al., 1997). To
increase this level, a long lag-phaseaeT accumulation occurs according to the time neeied
reaching the site of action and then further timmadeded for spermatozoa to differentiate and matur
(about 45-50 days). When dietary supplementatiorextended beyond that period, tleeT
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concentration in testis and spermatozoa increasaghing a steady state after about 3 months
(Castelliniet al.,2006c¢). Although the increase @fT in semen is not particularly high, its oxidative
stability is greatly enhanced because antioxidHitiency of a-T mainly depends on its incorporation
into the spermatozoa membranes. This was alsorowdiby the fact that the antioxidant protection
of semen is not greatly reduced after dilution (Eliisi et al.,2000a).

Even ifa-T is the main natural form of Vitamin E existing ihe body, eight other molecules are
included in the definition of vitamin &-, b-, g- andd-tocopherol whose amount and role are largely
unknown. The higher level di-T compared to other homologues was probably duthéohigh
concentration of this compound in the standard (@@%). Such high amounts ofT compromise the
access of the other isoforms to saturable lipoprsidinding proteins and enzymes that implicated i
their transport, distribution and metabolism, arnis tmay explain the low amounts of these
compounds in semen.

According to Mourvakeet al. (2008), -T, -T, -T and -T are not homogeneously distributed within
rabbit semen fractions (spermatozoa, seminal plaanth granules). Alpha-T is the main lipid
antioxidant in all fractions, while-T, -T and -T are more abundant in germ cells and seminal
plasma, respectively. Differences in the chemidalicsure might account for the differential
distribution of the minor tocopherol isoforms withiractions. More polar tocopherols-T) have a
higher affinity for aqueous seminal plasma, whéssl polar tocopherols{ > -T > -T ordered by
non-polarity) have a higher affinity for the lipicch cell membrane and seminal granules.

This antioxidant protection is essential after sersrage or when diets have a relevant amount of
PUFA (Figure 4). When diets are fortified with difént sources (fish and flaxseed) and levels (2-
20%) of PUFA, the antioxidant stability of semerncidases. In addition, these dietary protocols
determine a higher susceptibility of spermatozoeajacitation and the acrosome reaction (Castellini
et al.,2001a; 2005).

6-
£
(]
& 4 O Control
= O2% Fish
<Df 5% Flaxseed
E H 20% Flaxseed
S 24
e
e
0

Figure 4: Effect of dietary supplementation with n-3 fattgids on antioxidant stability of rabbit
semen
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SEMEN COLLECTION AND HANDLING

Some authors reported that a previous stimulatfidheobuck increases sperm concentration. For this
aim, a doe can be put on the top of the cage fenfenutes.

The type of artificial vagina influences the adéipta of buck to the collection. An artificial vagin
with a wider collection hole increases the numbidsuzrks adapted to the collection (Dal Bostal.,
1996). At each collection time, a sterile artifloragina should be used. Indeed, considerable taicte
contaminants come from the environment, and inisdrtant to hygienically collect the semen sample
(Mercier and Rideaud, 1990).

As a general rule, during semen handling, any slebdample (temperature, chemical, oxygen) may
be reduced to avoid reduced fertility (Baitial.,2005).

Within 5 min from collection, semen should be dit(1/2-1/5) with a buffer medium at the same
temperature to avoid heat or cold shocks. Generallljthe semen handling has a negative effect on
semen traits.

STORAGE CONDITIONS

Temperature
Regarding the storage temperature, generally 18c18epresents a good condition to store rabbit
semen. Nevertheless, optimal temperature couldndiepe the extender used.

Extenders

One important factor to have good survival ratsperm is the mediumsed in semen dilution and the
dilution rate. The comparison between different media hawistthat any physiologic buffered saline
solution is adequate for very short storage peltitmvever, for longer storage there are differerices
the ability to support sperm survival (Seetdal., 1996). Tris-buffer is enough to allow storage from
24-48h.

The high dilutionrate (more than 1/100; Castelligi al., 2000b) has a detrimental effect on motility
and the excessive dilution of seminal plasma, wihichabbit plays a relevant role (Minebit al.,
2001), which reduces kinetic characteristics ofis¢ozoa.

Incubation

In accordance to specific demands of semen fohdurtaboratory analysis or for Al, an adequate
procedure has to be chosen to maintain vitality phgsiological capability of fertilisation over a
defined time interval. Thus, semen has to be dilotespermatozoa have to be separated and pu into
final medium. For semen dilution as well as for thgermatozoa containing medium, optimal
conditions must be assured by selecting buffersateaadapted to the reproduction organs; (@)
incubators preferentially will support long termesmatozoa vitality by simultaneously reducing
excessive contact with oxygen.

RABBIT SEMEN AS MODEL FOR TOXICOLOGICAL OR METABOLI C STUDIES
Exposure to some chemical compounds can alter sgunity and fertility. Since the prevalence of
human infertility in industrialized countries haieased over the past decades, the assessmbat of t
risk to the human reproductive system associatéld edposure to compounds due to pollution is of

major concern.

Mice are widely used for toxicological studies hesm of the massive reported information on its
development and functions, along with responsesnémy toxicants. Even for rabbit, the main

273



9™ World Rabbit Congress — June 10-13, 2008 — Verohaly

physiological traits have been studied, both agbariatory animal and as a component of the food
chain. The rabbit is the smallest laboratory ardtie@xpensive animal model, wherein almost all the
reproductive and toxicological endpoints of humeas be measured. The rabbit semen can be easily
collected by artificial vagina and the fertility sperm tested (Foote and Carney, 2000; Foote, 2002)

Forin vivo models, a very useful method could be the usepleematozoon as a toxicological target.
The mature spermatozoon is a cell that is elimohafealmost all the normal biological functions but
retains those dedicated to provide motility and téeilisation ability. Damages to one of such
structures are easily detectable because the ajadupermatozoon is unable to activate a repairing
process. Following these considerations, it is dotmnuse the spermatozoon as a good target for
metabolic (Kampet al.,1996) and toxicological studies (D’Cretal.,2000).

According to such assumptions, some authors (Yatrad., 1992; Foote, 2002) hypothesized the use
of rabbit spermatozoa as a model for toxicologstaidies and proposed motion-based indices as
toxicological endpoints. For several chemicals,iombased endpoints of spermatozoa may be useful
for thein vitro assessment of chemical cytotoxicity.

It is quite evident that to develop a repeatableitro spermatozoa model fan vitro toxicity tests,
different preliminary steps of standardization asquired. Accordingly, the variability factors are
reduced (Seeét al., 1996) and the discriminating power of the moderéased (Williamst al.,
1990).

Renieriet al. (2002) and Sartiret al. (2006), within a research program of the Europ@antre of the
Validation of Alternative Methods, developediarvitro rabbit spermatozoa model of spermiotoxicity
for some metal ions. It involves the use of intéeplastrategies based on data derived from human and
animal studies, as well &3 vitro toxicity test, which also lead to a reduction ie tise of laboratory
animals that is very advantageous for ethical ahemic reasons.

It appears that some endpoints of this rabbit spypoa model involving motility rate and the
integrity of the acrosome are very sensitive trigitsdetecting metal ions damages and could bailsef
in assessing toxicity.
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