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Abstract

The effects of different dilutions of seminal plasma (SP) on the qualitative characteristics of
rabbit spermatozoa and on their fertilising ability were analysed. Ejaculated semen was centrifuged
twice and the sperm resuspended in media with decreasing ratios of SP/Tris: (1/2; 1/5; 1/10; 1/20;
1/30; 1/100) until the complete substitution was with SP. The control constituted sperm in undiluted
SP. Samples were maintained at 37◦C and kinetic analysis done at fixed intervals (0–6 h). Also the
thiobarbituric reactive substances (TBA-RS) values were determined. Rabbit sperm suspended in
Tris, or with extremely low content of SP, lost motility and viability within 1–3 h, while sperm
suspended in SP either undiluted or diluted up to 10-fold, showed similar motility during the 6 h
period (from 39 to 49%). Further dilutions of SP (1/20–1/30) had no effect during the initial 2 h of
storage but thereafter the decline of motility was more marked (after 6 h: from 0 to 17%). Kinetic
parameters followed the same trend and differences were particularly marked after storage: the
highest values were in samples diluted up to 1/10; a sharp decline in motility characteristics was
observed at higher dilutions. The addition of SP (1/2 v/v) to immotile sperm reactivated 35.5%
of cells. However, SP did not significantly affect fertility rate or litter size possible involving an
interaction with the female reproductive tract. SP reduced lipid oxidation (TBA-RS) of semen
only after storage. A positive correlation between final TBA-RS and cell viability indicated that
peroxidation was one of the cause of rabbit sperm deterioration during conservation. © 2000 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Spermatozoa interact with the surrounding medium which modulates sperm response
to various stimuli. Reproductive performance attainable with artificial insemination also
depends on the characteristics and/or the duration of exposure to various natural or arti-
ficial fluids such as epididymal secretion, seminal plasma, dilution media and oviductal
fluids.

The role of seminal plasma (SP) on mature spermatozoa has been widely studied with
contrasting results. SP supports human, bull and ram sperm motility (Pickett et al., 1975;
Bass et al., 1983) by improving the viability and membrane integrity of the cells
(Maxwell et al., 1996). However, secretions of the bulbo-urethral gland have a delete-
rious effect on survival and motility in goats (Nunes et al., 1982). Moreover, contro-
versial results have been obtained and it is difficult to establish the effects of SP since
complex interactions are involved (Mann and Lutwak-Mann, 1981; Mizutani and Skill,
1985).

For semen evaluation, dilution and attempts to establish the best reproductive perfor-
mance; it is necessary to know, whether the effect of SP is positive, neutral or negative and
whether it requires centrifugation before processing. Since the effect of seminal plasma
in rabbit semen is not completely known, the aim of the present work was to define the
effect of different SP dilutions on the qualitative characteristics of spermatozoa and on their
fertilising ability.

2. Materials and methods

The trial was carried out in the experimental rabbitry of the Department of Animal
Science. The temperature inside the building ranged from 18.0±3.4◦C and the photoperiod
was 16 h light/day.

All bucks were fed ad libitum a commercial diet (17.5% crude protein, 2.5% ether extract,
16.5% crude fiber, digestible energy 2650 kcal/kg)

2.1. Collection and dilution of semen

Semen from 10 mature New Zealand white (NZW) rabbit bucks was collected by artificial
vagina and then stored kept under differing experimental conditions, while being maintained
at 37◦C with sperm motility being assessed at fixed intervals for 6 h.

Number of sperms/ml was estimated using a Thoma–Zeiss cell chamber and kinetic
parameters by computer-assisted sperm analysis (CASA), version SCA 3.0, Microptic,
Spain.

Only ejaculates showing at least 65% motility and 200× 106 sperm/ml were pooled.
Fresh semen was centrifuged twice at 600 g for 10 min at room temperature before the
pellet was re-suspended with diluent containing decreasing ratios of SP/Tris citrate-glucose
(300 mosm/l; pH 7.1): (1/2; 1/5; 1/10; 1/20; 1/30; 1/100) as well as the complete substitution
of SP by Tris. The control sample comprised sperm in undiluted SP. Tris was shown to be
the best saline medium for diluting rabbit sperm (unpublished results).
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CASA analyses were run with 10× 106 sperm/ml, whereas fertility tests and oxidative
process evaluations were run with 5 and 50× 106 sperm/ml, respectively. The reactivation
capacity of SP was evaluated after the addition of various dilutions of SP to immotile cells
previously washed and suspended for 15 min in Tris.

2.2. Sperm viability and motility

Sperm viability was assessed by fluorescent microscopy (Olympus CH2) with
propidium iodide and carboxyfluorescein diacetate and counting at least 500 cells per
sample.

Aliquots of 10ml of different semen samples were placed on a pre-warmed Makler
chamber (37◦C) and six fields (2 drops×3 fields) were analysed by CASA using previously
established parameters (Castellini and Lattaioli, 1999).

Recorded sperm parameters were: percentage motile; progressive speed (VSLmm/s);
track speed (VCLmm/s); path velocity (VAPmm/s); linearity (LIN is the progressive
speed/track speed× 100); and, amplitude of lateral head displacement (ALHmm).

2.3. Oxidative processes of semen

One milliliter of a semen sample was mixed with ferrous sulphate (0.2 mM) and sodium
ascorbate (1 mM) at 37◦C for 1 h (Aitken et al., 1993 modified). Thiobarbituric reactive
substances (TBA-RS) concentration of semen was evaluated by thoroughly mixing 1 ml of
the specimen with 2 ml of a stock solution containing 15% w/v trichloracetic acid, 0.375%
w/v TBA and 0.25N HCl and then incubating at 90◦C for 15 min. The precipitate was
removed by centrifugation at 1000 g for 10 min after cooling to room temperature, and the
absorbance determined at 535 nm (Beuge and Aust, 1978). TBA-RS value was determined
immediately after collection and after 6 h of storage.

2.4. Reproductive performance

Six homogeneous groups of 30 non-lactating does were inseminated with semen pro-
cessed with six dilutions of seminal plasma, within 1 h from collection; for the extreme and
the intermediate dilutions (SP, 1/10, Tris), more inseminations (n = 70) were done.

Oestrous synchronisation of rabbit does was performed with 20 UI of PMSG 24 h before
Al, and ovulation was induced by injecting 20mg of GnRH (Fertagyl). Half milliliter of
diluted semen containing 5×106 sperms/doe was inseminated near the cervical canal using
glass catheters.

Fertility rate (number of kindling/number of Al× 100) and litter size (number of live
born at birth) were recorded.

2.5. Statistical analysis

Data were statistically analysed with several procedures from the SAS library (SAS, 1990
— GLM for linear models CORR for correlation and FREQ for fertility rate).
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3. Results

3.1. Sperm traits

The concentration of seminal plasma in the dilution media strongly affected the survival of
rabbit spermatozoa and their motility parameters (Table 1). The effect appeared immediately
after collection and increased during storage at 37◦C. Rabbit sperm washed and resuspended
in TRIS, or with an extremely low content of SP lost motility and viability within 1–3 h
(Fig. 1), whereas the motility of sperm suspended in SP, either undiluted or diluted up to
10-fold, were similar during the 6 h period and only declined from around 80% to around
40%. Further dilutions of SP (1/20–1/30) showed similar values of motility to each other in
the first 2 h of storage but thereafter the decline of motility was more marked so that after
6 h only about 15% of cells were still motile.

Kinetic parameters followed the same trend (Table 1). Differences were particularly
marked after storage: VAP, VCL, VSL and LIN had the highest values in samples diluted
up to 1/10; at higher dilutions sharp declines in these motility characteristics were observed.

However, spermatozoa supended in 1/2 and 1/5 SP dilutions showed higher motility
parameters. The amplitudes of lateral head displacement (ALH) were maximal in these
groups.

The addition of SP (1/2 v/v) to immotile spermatozoa resulted in a reactivation of
35.5 ± 12%, whereas the addition of seminal plasma diluted 100-fold, did not produce
any measurable effect.

Table 1
Effect of seminal plasma dilution and storage time on spermatozoa characteristics (n = 18 for each experimental
unit)

Items Time (h) Seminal
plasma

1/2 1/5 1/10 1/20 1/30 1/100 Tris Least significant
difference

Live 0 92 93 90 85 70 76 53 48 6.4
Sperms (%) 3 84 77 65 70 60 50 10 0 2.6

6 65 70 69 55 21 18 2 0 7.5

VAP (mm/sec) 0 70 99 73 67 60 56 37 46 11.2
3 80 77 66 52 51 58 7 0 9.7
6 36 57 44 30 29 12 – – 10.1

VSL (mm/sec) 0 57 79 63 57 58 59 34 43 15.1
3 70 58 54 44 45 51 2 0 8.7
6 33 50 35 27 7 5 – – 8.2

VCL (mm/sec) 0 95 130 111 97 85 87 65 70 18.0
3 99 103 107 93 90 75 20 – 15.1
6 43 72 81 57 36 30 – – 8.2

LIN (%) 0 60 61 57 59 67 67 52 61 16.0
3 70 56 51 47 50 67 10 – 15.5
6 77 69 43 47 19 16 – – 7.5

ALH (mm) 0 3.1 4.2 3.8 3.1 2.5 2.6 2.6 2.8 0.47
3 2.1 3.0 3.7 3.3 3.1 2.2 0.9 – 0.80
6 1.6 2.6 3.1 2.6 1.8 1.9 – – 0.41
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Fig. 1. Effect of seminal plasma dilution and storage time on spermatozoa motility (mean± SEM).

3.2. Lipid peroxidation

Initial TBA-RS values were similar in all groups, and differences became statistically
significant only after storage. Spermatozoa diluted in SP medium, or up to 1/20, showed
the lowest TBA-RS values, while a further dilution significantly increased peroxidation
products (Table 2). The positive correlation found between final TBA RS and cell viability
in the trial (r = 0.65∗∗ data not shown) indicated that SP had an antioxidant role and that
peroxidation was one of the cause of sperm deterioration during diluted storage.

3.3. Reproductive performance

Seminal plasma did not significantly affect either fertility rate or litter size. The repro-
ductive performance in all the experimental groups showed standard values (Table 3).

4. Discussion

The presence of an adequate amount of SP in dilution media enhanced both the resistance
of rabbit spermatozoa to in vitro storage and their motility characteristics.

Table 2
Effect of seminal plasma dilution and storage time on TBA-RS (n = 6 for each experimental unit)a

Items Time
(h)

Seminal
plasma

1/2 1/5 1/10 1/20 1/30 1/100 Tris Pooled
S.E.

TBA-RS
(hmol MDA/ml)

0 9.6 10.2 10.0 10.4 10.3 10.6 11.4 11.0 1.1

6 10.7 a 11.4 a 11.2 a 11.6 a 11.8 a 13.8 a 14.7 b 14.8 b 0.7

Rate of production
(hmol MDA/sperm8/h)

0.18 a 0.20 a 0.19 a 0.20 a 0.25 a 0.48 b 0.55 b 0.63 b 0.10

a Different letters on the same row are statistically different forP < 0.01.
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Table 3
Effect of seminal plasma on number motile spermatozoa inseminated and on reproductive performancea

Seminal
plasma

1/2 1/5 1/10 1/20 1/30 1/100 Tris-citrate Pooled S.E.

Motile sperms/a.i.
(n × 106)

4.33 b 4.40 b 4.67 b 4.00 b 2.32 a 2.30 a 1.57 a 2.10 a 0.2

Litter size (n) 9.1 9.5 9.3 10.6 9.8 9.0 11.0 9.0 1.1
Fertility (%) 75.7 86.7 80.0 65.7 73.3 70.0 70.0 61.4 11.68b

n 70 30 30 70 30 30 30 70

a Different letters on the same row are statistically different forp < 0.01.
b X2 value.

Viability and motility characteristics of spermatozoa were little affected by dilution up to
30-fold during the first 2 h of storage. The maximum dilution rate of SP should be<1/30, to
provide a reliable estimate of the in vitro quality of rabbit spermatozoa. Further SP dilutions
will cause sperm deterioration.

Our findings suggest that the negative effect of high semen dilutions, sometimes required
to increase the accuracy of in vitro evaluation (Farrell et al., 1996), could be explained
by the excessive dilution of SP. The use of undiluted SP as an appropriate extender is a
valid approach, but the technique may be very demanding. Further, SP is not the ideal
environment for motile sperm, as shown by the fact that limited additions of Tris (1/2–1/5)
to the medium increased motility parameters. Viscosity antibodies, lipid droplets, bacteria
of SP may reduce free movement of spermatozoa. Since sperm spend only a minor part
of their active life-span in SP, it may not be appropriate to determine motility only in SP
(Makler et al., 1979).

Our findings suggest that starting from raw semen and assuming a standard sperm con-
centration of 300×106–500×106 and then applying a dilution of 1/30 will require analysis
of at least 10–17 million sperm/ml. However, if long term experiments must be performed,
this dilution may be too great, since only samples diluted up to 10-fold maintained the same
motility as in SP. Seminal plasma helped to maintain at high levels both the number of
live/motile cells and their motility parameters (VAP, VSL, VCL, and LIN). The longer the
storage period, the higher the level of protection. The former effect was probably due to the
antioxidant strength of SP (Jones et al., 1979) which has several specific pathways and sev-
eral substances for protecting membrane integrity from peroxidation (Lewis et al., 1997).
The increase of oxidative processes during storage and the relationship between the highest
TBA-RS values and the lowest viability in samples diluted more than 1/30 supported the
hypothesis that peroxidation was one of the main causes of sperm deterioration during con-
servation and that rabbit SP has an antioxidant role as in other species (Dawra and Sharma,
1985). Oxidation could also reduce or block sperm motility through the inhibition of ATP
synthesis by mitochondrial enzymes (de Lamirande et al., 1997). Motility may be affected
by other molecules regulating the energy metabolism. The addition of seminal plasma, or
of its components, increased the oxygen uptake and motility of sperm cells in other species
(Ashizawa and Okauchi, 1984; White et al., 1987). Some authors have found that this effect
could be mimicked simply by adding bovine serum albumin (Harrison et al., 1982, Bles-
bois and Caffin, 1992). Muller and Kirchner (1978) found that concentrations lower than
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4 mg/ml of serum albumin significantly reduced the motility of rabbit semen. It has been
shown recently that other proteins of seminal plasma (Glander et al., 1996; Henricks et al.,
1998; Miao et al., 1998; Walensky et al., 1998) affect motility parameters of human, bull
and boar sperm.

Our results showed that the decline of spermatozoa traits did not affect fertility rate and
prolificacy probably because of the compensative action within the female reproductive
tract as the female tract fluids can prolong the life of spermatozoa (Zhu et al., 1994).

Non-lactating receptive does inseminated with about 1.6× 106–4.7× 106 motile sperm
showed standard fertility rates, despite the dramatic differences obtained in viability and
kinetics and the theoretical role of SP on some fertilisation processes. It is also possible that
our fertility protocol was not fitted to identify the negative effect of excessive SP dilutions
on fertility.

In particular, such an in vivo test could lack sensitivity because of the high variability
due to female factors, and of the relatively low number of Al performed. Also, while the
number of sperm could be managed, the definition of the optimal concentration to obtain
fertilisation is controversial and also depends on the purpose of the experiment. Although
fertilisation could be achieved by inseminating only 100,000 sperm of good quality (Farrell
et al., 1993), Williams et al. (1990) showed that the minimum number of motile sperm
required for a reliable fertility test was about one million.

We were always above this threshold value so as to be assured that potential differences
in fertility had been caused by effects separate from viability and motility.
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