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Original article

Morphological abnormalities of rabbit spermatozoa
studied by scanning electron microscope
and quantified by light microscope

G Kuzminsky 1, AM Fausto 2, P Morera 1

! Unconventional Rabbit-Breeding Experimental Centre, Animal Husbandry Institute;
2 Environmental Science Department, Tuscia University, 01100 Viterbo, ltaly

(Received 11 September 1995; accepted 26 July 1996)

Summary — Rabbit spermatozoa morphological abnormalities were examined to establish criteria
for judging the quality of ejaculates. Ten New Zealand White bucks, aged 9 months and weighing
4.3+ 0.2 kg, were placed in a climatic chamber for 3 weeks at +20 °C and 70% RH. Sperm was col-
lected three times a week using an artificial vagina. The use of a scanning electron microscope
(from x 2 000 to x 15 000) in this study produced an illustrated guide for the classification of abnormalities.
Mean percentage quantitative values studied by light microscope (x 400) observation were: 18.2%
total abnormalities, 2.9% head abnormalities, 13.6% tail abnormalities and 1.7% broken spermatozoa.
Variability was very high (CV 35.7, 54.0, 45.3 and 32.5%, respectively); consequently, each ejaculate
should be analysed before use for artificial insemination. Among the different tail abnormalities
observed, the most frequent were coiled tails, 9.1%, cytoplasmic droplets, 2.4%, bent tails, 1.3% and
swollen tails, 0.5%.
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Résumé — Anomalies morphologiques du sperme de lapin étudiées au microscope électronique
a balayage et quantifiées en microscopie optique. Les anomalies morphologiques des spermato-
2zoides de lapin ont été étudiées pour améliorer les critéres de jugement de la qualité des éjaculats. Dix
males (Néozélandais blancs) a I'4ge de neuf mois et 4,3 + 0,2 kg de poids ont été logés pour trois
semaines dans une piéce climatisée a + 20 °C de température ambiante et 70 % HR. Le sperme a été
collecté a l'aide d'un vagin artificiel, trois fois par semaine. Les observations au microscope électronique
4 balayage (de x 2 000 a x 15 000) ont permis de faire une classification illustrée des anomalies. Les
pourcentages ont élé estimés au microscope optique (x 400). Les valeurs moyennes sont : 18,2 % d'ano-
malies Iotales, dont 2,9 % de tétes anormales, 13,6 % de flagelles anormaux, 1,7 % de spermatozoides
cassés. La variabilité est trés importante (CV 35,7, 54,0, 45,3 et 32,5 % respectivement) et, par consé-
quent, chaque éjaculat devrait étre analysé avant son utilisation en insémination artificielle. Parmi les
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anomalies de flagelles, les plus nombreuses étaient les flagelles enroulés (9,1 %). Les fréquences de
gouttelettes cytoplasmiques et de flagelle angulé et renflé étaient respectivement de 2,4, 1,3 et 0,5 %.

lapin / spermatozoide / morphologie / microscope électronique a balayage / insémination

artificielle

INTRODUCTION

The quantity of morphological abnormali-
ties is sometimes considered, among other
factors, in the evaluation of rabbit sperm
quality used in artificial insemination (Bous-
sit, 1989; Battaglini, 1992; Castellini, 1993;
Facchin et al, 1993).

Normal morphology of rabbit spermato-
- zoa has already been characterized by
scanning electron microscope (SEM) anal-
ysis (Phillips, 1972; Fléchon and Bustos-
Obregon, 1974; Motta and Van Blerkom,
1975); however, there are few studies by
SEM on rabbit spermatozoa abnormalities
(Dott, 1969; Hafez and Kanagawa, 1973;
Bamba and Cran, 1988).

The aim of the present work was to per-
form an investigation that defined an icono-
graphic typology of abnormal rabbit sper-
matozoa in order to classify morphological
abnormalities. Frequencies in each class
were also considered.

MATERIAL AND METHODS

Animals and experimental conditions

Ten New Zealand White rabbit bucks, of similar
age (9 months) and body weight (4.3 £ 0.2 kg),
and already trained for 2 months in the sperm
collecting technique using an artificial vagina,
were placed in a climatic chamber at 20.3+ 1.1 °C
(programmed 20 °C) as the ambient temperature
for a period of 3 weeks. The relative humidity was
69.1 £ 3.5% (programmed 70.0%) and the light-
ing consisted of 12 h a day, from 0800 to
2000 hours (20 lux at cage level).

Sperm collection

Semen was collected three times a week during
3 weeks and each collection was made, for each
male, by two consecutive ejaculations at 15 min
intervals, as is used in commercial breedings
specialized in the production of sperm doses for
artificial insemination.

Sperm analysis

Semen analyses were performed on the first ejac-
ulation of the last weekly semen collection to
leave a period of time between two consecutive
analyses. The samples were divided, a few sec-
onds after collection, into two aliquots to be anal-
ysed by phase contrast light microscope (LM;
Nikon SE) or by scanning electron microscope
(SEM; 5200 Jeol JSM).

Light microscope analysis

A magnification (x 400) normally adopted by Ital-
ian rabbit breeders was used for the LM obser-
vations in order to obtain data that would be eas-
ily transferable into practice. This magnification
also permits the enumeration of the many kinds of
morphological abnormalities (Boussit, 1989).

Many ltalian breeders currently perform artifi-
cial insemination on their own rabbits and appre-
ciate the support of microscopic observations
(Battaglini, 1992). To remain within the limits of
field practicability, implying that a technique must
be rapid, simple and easily performed with the
means at hand, the spermatozoa were neither
fixed nor stained. The analyses were performed
a maximum of 5 h after the time of the semen
collection to avoid possible artefacts.

To perform the quantitative analysis, the fresh
sperm were diluted 1:100 by a blood diluting
pipette in a 3% NaCl solution (Bagliacca et al,
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1987) to kill the celis and facilitate counting. A
drop of this solution was put in a Burker chamber
and, after 2 min (the required stabilizing time),
the analysis was begun. Every week 200 sper-
matozoa were observed for each of the ten males,
for a total of 6 000 spermatozoa. To eliminate
possible mistakes due to the subjective evaluation
of the different abnormalities, the same operator
performed all the analyses.

The classification that was developed for cat-
tle and pigs, and that has been used for rabbits by
some authors (Bamba and Cran, 1988; Radnai et
al, 1988; Barth and Oko, 1989; Boussit, 1989;
Della Porta et al, 1991), was used here to divide
the spermatozoa into the following categories:

— normal spermatozoa;

- spermatozoa with head abnormalities (acro-
some abnormalities and shape and dimension
abnormalities);

— spermatozoa with tail abnormalities (bent tails,
coiled tails, swollen tails, cytoplasmic droplets);
— broken spermatozoa (1/2 ¥ headless + tail-
less).

567

Scanning electron microscope
analysis

In preparation for SEM analysis, the spermato-
Z0a, soon after ejaculation, were fixed for 2 h in
5% glutaraldehyde and 4% paraformaldehyde in
0.1 M cacodylate buffer, pH 7.2 (Karnovsky,
1965), dried by the critical point method using
liquid CO, in a Balzers CPD 020 apparatus,
attached to specimen holders and coated with
gold in a Balzers Union MED 010 evaporator.
Magnification used was from x 2 000 to x 15 000
and the abnormalities observed were illustrated by
photographs. A total of about 6 000 spermato-
zoa were observed.

Statistical analyses

Data obtained by LM were analysed by least
square analysis with the following linear model:
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Fig 1. Comparisons between percentages of spermatic abnormalities observed by phase contrast

ligh microscope.



568

where Yik= individual variable; n = mean effects;
@; = fh subject effect (i= 1, ...10); §; = th week
effect (j= 1, ...3); (0f); = interaction between o
and B effects; and g, = residual error.

For the figures, the means were expressed
as percentages.

RESULTS

Quantitative analysis by LM

The mean value of abnormalities observed
under LM was 18.2% (CV 35.7%). The
breakdown into the different categories of
abnormalities is given in figure 1. Among
the identified categories, head abnormali-
ties and broken spermatozoa represented a
low proportion of the total number of sper-
matozoa viewed: 2.9% (CV 54.0%) for those
referring to head and 1.7% (CV 32.5%) for
those referring to broken spermatozoa. Tail
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abnormalities represented 13.6% (CV
45.3%) of the observed spermatozoa and
74.7% of the total abnormalities.

Statistical analysis of the data did not
reveal any significant differences between
the means of the three collections for each
morphological variable considered. There
was high variability but the confidence lim-
its were very narrow (from a range of + 0.2%
for swollen tails to a maximum of + 0.9%
for total abnormalities).

The 13.6% (of total number of sperma-
tozoa viewed) due to tail abnormalities rep-
resented 9.1% (CV 48.6%) coiled tails, 2.4%
(CV 69.9%) cytoplasmic droplets, 1.3% (CV
60.4%) bent tails and 0.5% (CV 107.4%)
swollen tails (fig 2).

A high correlation between tail and total
abnormalities was observed (r=0.97; P<
0.001). The correlation between coiled tails
and tails or total abnormalities was r=0.91
(P<0.001) and r=0.85 (P < 0.001), respec-
tively.
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Fig 2. Comparisons between percentages of spermatozoa with different tail abnormalities verified

by phase contrast light microscope.
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In figure 3 the large differences between
the males tested relative to total sperm
abnormalities and, for the same animals,
the differences among the data collected
in the 3 weeks of experimentation are
shown.

Data are analysed in table | where the
levels of significance for the different fac-
tors considered in the statistical model are
reported. The interaction between factors
is not indicated because it was found to be
insignificant.

Table |. Effect of different sources of variation on different morphological variables considered.

Morphological variables Subject Week
(1, ... 10) (1,...3)
Total abnormalities ** ns
Head abnormalities ns ns
Tail abnormalities * ns
Broken spermatozoa * ns
Bent tails ns ns
Cytoplasmic droplets * ns
Coiled tails * ns
Swollen tails ns *

* Significant effect for P < 0.05 ; ** Significant effect for P < 0.01 ; ns : no significant effect.
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Fig 3. Percentages of total spermatic abnormalities verified by phase contrast light microscope in

different bucks in the 3 weeks of observation.
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Qualitative analysis by SEM

The normal morphology of rabbit sperma-
tozoa is shown in figure 4. SEM analyses
of the categories of abnormalities identified
by LM permitted a more detailed descrip-
tion of several morphological typologies.

Head morphological abnormalities

Most major head abnormalities are located
in the acrosomal area and were classified
into seven typologies:

1) Acrosome bearing several ‘bulges’; there
were usually two on each side but they were
sometimes observed to be supernumerary
(three, four or five on each side) (fig 5a);

2) Knobbed acrosome. The margin that
externally limits the acrosome, usually
horseshoe-shaped, showed one or two
small protrusions. The appearance of this
abnormality was at an angle to the apex of
the acrosome or two lateral angles (fig 5b);

Fig 4. Outline of a normal spermatozoon
observed by scanning electron microscope. a:
General view (x 2 000); b: particularity of the
head with the two characteristic bulges
(arrows) (x 15 000); A: anterior part of the
acrosome; E: equatorial segment.

3) Ruffled acrosome. The acrosome
appeared turgidless and the plasma mem-
brane seemed wrinkled throughout the acro-
somal region (fig 5¢);

4) Retracted acrosome with swollen cords.
The acrosomal cap looked retracted from
the front because it was detached from its
back margin. The entire surface was char-
acterized by swollen cords and irregularly
shaped protuberances (fig 5d);

5) Vesiculated acrosome. The outer surface
of the front region of the acrosome showed
many little contiguous vesicles (fig 5e);

6) Swollen acrosome. The acrosomal cap
looked swollen and its outer surface was
irregular; in one case, it was also observed
to have a double head (fig 5f);

7) Head lacking an evident acrosome or
with a very reduced acrosome (fig 6a).
Shape abnormalities of the head were
observed, even if fewer in number, in the
postacrosomal region as well. The head
could appear small, with abnormalities at
the level of the terminal ring (fig 6a) or have
an aberrant shape (fig 6b).

Tail morphological abnormalities

At the neck level the observed abnormalities
were:

1) Abaxial tail (fig 6b);

2) Swollen tail. A more or less marked
swelling, consisting of a very proximal cyto-
plasmic droplet which formed a sort of col-
lar at the neck region (figs 5d; 6a,c).

The middle piece and principal tail piece
showed many abnormalities grouped as fol-
lows:

3) Tail with cytoplasmic droplets. Cytoplas-
mic droplets were observed in a coaxial or
lateral position with regard to the axoneme
and were found at different sites mainly in
the middle piece of the tail {figs 5e, 7a,b);

4) Tail with a marked anglar deviation of the
axoneme. This abnormality was often asso-
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Fig 5. Acrosomal abnormalities observed by scanning electron microscope. a: Acrosome bearing
several ‘bulges’ (arrows) (x 12 000) ; b: knobbed acrosome with two acrosomal protrusions
(arrows) (x 12 000); c: ruffled acrosome (x 10 000); d: retracted acrosome with swollen cords
(arrows) (asterisk: cytoplasmic droplet) (x 9 000); e: vesiculated acrosome and cytoplasmic droplet
in the middle tail (asterisk) (x 8 500); f: double head (x 8 000).
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ciated with the presence of a cytoplasmic
droplet (fig 7a,b);

5) Single and double bent tail. The tail
appeared folded one (fig 7c) or more times
(fig 7d) and, occasionally, it even wrapped
around the head. The loop that was formed
by the fold was sometimes occupied by a
residue of cytoplasm that gave a charac-
teristic spatula-like shape (fig 7¢);

6) Coiled tail. The tail was not angularly
deviated and eventually assumed an undu-
lated or spiral conformation; it was some-
times in the shape of a ring (fig 7e);

7) Double tail. It appeared to be made up
of two flagella which were either completely
joined or diverged from different points (fig
7).

Fig &. a: postacrosomal region aberrant in shape (arrowheads) and swelling at the neck (asterisk).

DISCUSSION

Quantitative analysis by LM

When comparing the weekly means of each
morphological variable (means obtained
from 600 observed spermatozoa for each
of the ten males in the experimental period),
the very close confidence limits (from + 0.2
to = 0.9%) indicated that the reported means
were reliable. However, the high variability
between the different collections from the
same subject made it difficult to give reli-
able predictions about the quality of future
ejaculates for each buck, underlining the
need to verify each ejaculate before its util-
isation, as is common practice for other
sperm quality parameters.

Note reduced acrosome with two bulges in abnormal position (arrows); b: reduced acrosome with
supernumerary bulges (black arrows) and abaxial tail (white arrow); ¢: marked swelling at the neck
(asterisk) (observed by scanning electron microscope, x 10 000).
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Fig 7. Tail abnormalities observed by scanning electron microscope. a, b: Bent tail with cytoplasmic
droplet (asterisks) (x 7 000); ¢: single bent tail with a spatula-like loop (arrow) (x 4 000); d: double
bent tail (x 6 000); e: peculiar coiled tail (x 8 000); f: double tail (x 8 000).
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Tail abnormalities could be considered
as representative of the total abnormality
levels as there was a very high correlation
between the two parameters (r=0.97; P<
0.001). This is particularly useful as tail
abnormalities are easily observed even at
magnifications lower than x 400, the level
commonly used in practice for semen con-
trol for artificial insemination. The observed
mean percentage (13.6%) obtained in this
study was very similar to the values obtained
by Radnai et al in 1988 (13.0%) and Roca in
1993 (13.6%). There have been, in fact,
very few studies in the literature relative to
abnormalities in rabbit spermatozoa, other
than tail abnormalities, and the studies that
do exist do not agree among themselves
(Radnai et al, 1988; Kasa and Thwaites,
1992; Virag et al, 1992; Roca, 1993) or with
the results reported here. This is no doubt
due to the fact that each study had an inde-
pendent analysis protocol and different
abnormality criterion were considered. Sea-
sonal and genetic differences could be
involved as well (Hu et al, 1983; Virag et al,
1992). In addition, magnification levels lower
than x 400 could make it impossible to dif-
ferentiate certain abnormalities (Bagliacca et
al, 1987).

Coiled tails, which represented 66.9% of
the total tail abnormalities, could be con-
sidered as a representative parameter for
verifying individual semen quality (r=0.91,
P < 0.001 in relationship to tail abnormalities;
r=0.85, P < 0.001 in relationship to total
sperm abnormalities).

Qualitative analysis by SEM

Head morphological abnormalities

In the literature, three types of acrosome
abnormalities have been observed by LM
in some mammalian species; knobbed, ruf-
fled and incomplete acrosome (Saacke,
1970; Barth and Oko, 1989; Ducci et al,

1993). In the present study on rabbits, SEM
permits the characterization of further acro-
some abnormalities: in particular an acro-
some with several bulges, an acrosome that
is retracted with swollen cords, and a vesic-
ulated and swollen acrosome. The last two
abnormalities were observed by transmis-
sion electron microscopy in mammalian
spermatozoa (Jones, 1973; Williamson,
1974).

Tail morphological abnormalities

Most common tail abnormalities have been
already described by light microscopy
(Saacke, 1970; Barth and Oko, 1989).
Observations by transmission electron
microscopy of cytoplasmic droplets in the
neck, middle or principal piece of the tail
have been frequently reported in the litera-
ture (Barth and Oko, 1989). This defect is
generally intepreted as an index of sper-
matozoan immaturity because it disappears
during the last phase of epididymal matu-
ration (Sorensen, 1979).

The single bent tail is a very common
defect (Dott, 1969; Bawa et al, 1993). In
bulls this abnormality is very transient in
nature, fluctuating throughout the year from
low to high levels {(Barth and Oko, 1989).

Very few spermatozoa with double tails
have been described. Baccetti et al (1978)
observed this abnormality in human sperm
in relation to hyperprolactinemia disease.

CONCLUSION

The analysis of spermatozoa abnormalities
is important in order to decide on the ejac-
ulates to be used in artificial insemination.
The analysis operation could be routine in
artificial insemination centres, while under
field conditions it would probably only be
performed from time to time, mainly to
explain low fertility phenomena.
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In order to speed up the analysis pro-
cess we suggest that only the percentage of
coiled tails are counted. These are the most
representative of the tail abnormalities and
are easily observed under the LM even at
low magnification. In order for an ejaculate
sample to be considered acceptable, the
coiled tail level should not exceed 17-18%
over at least 200 observed spermatozoa.

SEM analysis is not a feasible practical
technique for artificial insemination screen-
ing; however, when one of the morphologi-
cal categories identified by LM is prevalent,
it could be a useful technique to further anal-
yse the abnormal typology.
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