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ABSTRACT. The morphology of spermatozoa of modern Thoroughbred stallions in Japan was investigated during the breeding season. A
total of 299 semen samples were collected from the penises of 16 stallions immediately after service. The rate of abnormalities in sperm
heads and tails, spermatozoa with cytoplasmic droplets and slides with medusa cells to total observed slides in each stallion were 3.9 +
2.1%, 11.5 £ 5.9%, 2.4 + 2.6% and 20.1%, respectively. The values for the area, length, width and aspect ratio of the stallion sperm
head were 12.54 £ 1.34 xm?, 5.93 + 0.40 um, 2.69 + 0.21 #m and 0.46 £ 0.05, respectively. With the exception of medusa cells, the

features were significantly different among the stallions (P<0.05).
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The breeding stallion for Thoroughbred racehorses is
prized for the chance of siring future champions. The num-
ber and quality of his prodigy depend, however, on the qual-
ity of his spermatozoa. Morphological features of the
spermatozoa provide useful criterion for assessing the qual-
ity of semen and clinical value for informing veterinary
decisions [6]. Jasko et al. reported that the rate of spermato-
zoa with normal morphology correlates positively with the
rate of fertility [16]. Wide variation in the size and shape of
spermatozoa occurs in virtually all mammalian species,
however, and an abundance of abnormalities can be found.
The sperm head has been reported to be larger in semen
taken from subfertile stallions than in that from fertile stal-
lions [6, 14]. The converse has also been reported [17], and
variations in size of the sperm head have been attributed to
the staining methods of the studies [4, 5, 15, 22]. The stain-
ing method has also influenced the ratio of morphologically
abnormal spermatozoa to the total sperm count [18, 21].
These problems remain unsolved.

For a popular stallion, the number of services may exceed
200 in a single breeding season. A previous study showed
in Thoroughbreds engaged in five services every hour that,
in spite of decreases in volume, number or concentration of
spermatozoa, sperm viability was not different in the ejacu-
lation repeats [23].

The morphology of the spermatozoa has not been investi-
gated in Thoroughbred stallions during the breeding season
in Japan. We hypothesized that if the ejaculated semen
could be examined from time to time throughout the breed-
ing season, the semen would exhibit morphological differ-
ences and allow clarification of abnormalities in the
spermatozoa produced during that critical period in the work
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of the stallions. Morphological data on semen ejaculated
throughout the breeding season would provide a reference
index for judging the normal morphology of spermatozoa to
estimate reproductive activity at copulation. To clarify the
morphology of spermatozoa from Thoroughbred stallions
servicing a large number of mares during the breeding sea-
son, in the present study we examined spermatozoa col-
lected from the semen remaining in the urethra of the penis
immediately after the stallion dismounted from servicing
since sperm head measurements from dismount semen are
representative of those of the ejaculate [13].

The study was comprised 16 Thoroughbred stallions in
Hokkaido within age range of 4 to 15 (mean + SD, 8.9 + 3.2)
years and a servicing range of 69 to 412 (215 + 104) times
per breeding season. Immediately after a service each week
during the breeding season, February to July 2001, semen
was collected from the flaccid penis and mounted on a glass
slide for examination by light microscopy. Briefly, 3 4/ of
semen were smeared onto the slide, air-dried and kept at
room temperature until staining with hematoxylin and eosin,
and each slide preparation was completed with addition of
mounting medium and a cover glass.

The spermatozoa were examined with a light microscope
(Olympus, BX51TF, Tokyo, Japan) at magnification of
1,000 x. Abnormal spermatozoa were divided according to
criteria of Dott [9], and the spermatozoa displaying cyto-
plasmic droplets were not categorized as having abnormal
morphology but were grouped separately. Medusa cells
were counted if two or more were found in 100 spermato-
zoa.

Micrographs of the stained spermatozoa were taken with
a camera (Olympus, C-5060 Wide Zoom, Tokyo, Japan) fit-
ted on the light microscope, transferred to a computer and
edited with Photoshop (Adobe, Photoshop 6.0, San Jose,
CA, US.A). The areas, lengths and widths of the heads of
20 normal spermatozoa were measured with Scion Image
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(Scion Image ver. 2, Yodosha, Tokyo, Japan), a semi-auto-
mated software for analyzing morphology, and the aspect
ratio (width/length) was calculated.

One-way analysis of variance (ANOVA) was used to
compare averages, and the Chi-square test was used to com-
pare the presence and absence of medusa cells among the
stallions. P-values of less than 0.05 were considered signif-
icant.

Significant (P<0.05) anomalies among the stallions were
found in sperm heads at a rate of 3.9 + 2.1 (range 0-11), in
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sperm tails at 11.5 £ 5.9 (2-36) and in spermatozoa with
cytoplasmic droplets at 2.4 + 2.6 (0—17) (Table 1). Medusa
cells were present at a rate of 20.1% (range: 0—42.9%) but
this feature was not significantly different (Table 1).
Significant anomalies (P<0.05) were also found in the
areas (12.54 + 1.34 ym?; range: 8.06—-17.01), lengths (5.93 +
0.40 pm; range: 3.99-7.65), widths (2.69 £ 0.21 um; range:
1.98-3.55) and aspect ratios (0.46 £ 0.05; range: 0.29-0.89)
of sperm heads among the stallions, respectively (Table 2).
The results of this study support our hypothesis that dur-

Table 1. The rates of the abnormalities in sperm heads and tails spermatozoa with cytoplas-
mic droplets and numbers of slides with medusa cells in stallions

Stallion No. ~ Slides® Abnormality Droplets®  Medusa® (%)
Head* Tail*

1 22 49+1.2 10.6 £2.5 30+£1.9 4(18.2)
2 20 20+14 9.0+4.6 1.3£22 6 (30.0)
3 17 29118 7.8x£22 04£0.6 3(17.6)
4 20 34+1.5 7.4+£3.0 0.7x1.1 0 (0)
5 17 23+1.8 9.6+39 1.2+1.1 4(23.5)
6 15 42115 15.8+3.5 38+25 4(26.7)
7 21 3613 13.0+3.0 39+£26 5(23.8)
8 21 53422 21.1+£53 1.6+1.4 9(42.9)
9 15 59+£2.0 8523 4.7+£33 4(26.7)
10 21 48125 154+6.7 4143 3(14.3)
1 15 1512 53425 27+18 3(20.0)
12 21 6.1x1.9 6.0x£3.1 2.8+2.1 3(14.3)
13 22 3.7+13 12.7+3.0 34+32 731.8)
14 14 36+15 13.943.5 20£1.9 1(7.1)
15 21 3.8+£2.0 7.7+3.0 1.0+1.2 4(19.0)
16 17 31£1.7 19.8+3.8 28+28 0 (0)

Total 299 39+2.1 11.5+£5.9 24+2.6 60 (20.1)

a) The number of slides investigated.

b) The rate of spermatozoa with cytoplasmic droplets.

¢) The number of slides showing medusa cells. (%) : Percentage of slides showing medusa cells
among the total slides examined.

* : Significantly different among the stallions (P<0.05, ANOVA).

Table 2.  Characteristics of sperm heads in the 16 Thoroughbred stallions

Stallion No. Sperm®  Area (um?)*  Length (um)*  Width (um)*  Aspect ratio®*
1 440 12.49 + 1.31 6.03 +£0.40 2.64 £ 0.20 0.44 £ 0.05
2 400 11.98 £ 1.14 5.6910.32 2.68£0.16 0.47 £0.03
3 340 13.03£1.10 5.85+£0.31 2.83£0.15 0.49 £0.03
4 400 11.87 £ 1.01 6.05+£0.31 2.50+0.15 0.41 £0.03
5 340 12.51 £ 1.10 5.99+0.31 2.66 £0.17 0.44 £0.04
6 300 11.17£1.00 5.42+0.30 2.6210.17 0.49 £ 0.04
7 420 12.95+1.38 6.09 £0.37 270 £0.19 0.44 £ 0.04
8 420 11.63 £1.21 5.95+0.33 2.49+£0.18 0.42 +0.03
9 300 12.80 £ 1.21 5.93+0.35 2.75+£0.20 0.47 £0.04
10 420 12.96 £ 1.11 6.12£0.33 2.70 £ 0.18 0.44 £0.04
11 300 13.63 +£1.08 5.71 £0.28 3.04+0.16 0.53 £ 0.03
12 420 12.73 +1.21 6.02 £0.32 2.69£0.18 0.45 +£0.03
13 440 13.00 £ 1.32 5.96 £ 0.34 2.77x0.19 0.47 £0.03
14 280 11.58 £ 1.01 5.35+£0.27 2,76 £0.17 0.52 £0.03
15 420 13.43 +£1.09 6.28 £0.32 2,72 +£0.18 0.43 £0.04
16 340 12,62 +1.19 5.97+0.32 2.69+0.16 0.45£0.03
Total 5980 12.54 + 1.34 5931040 2.69 £ 0.21 0.46 £ 0.05

a) The number of spermatozoa measured.
b) Length / width of sperm heads.
* . Significantly different among the stallions (P<0.05, ANOVA).
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ing the breeding season the semen ejaculated by Thorough-
bred stallions at a service does at times contain
morphologically abnormal spermatozoa. The rate of abnor-
malities in sperm tails was almost five times as great as the
rate of abnormalities in sperm heads. Collectively, the
results of the present study provide a starting point toward
establishing a reference index for informing future studies
and improving management of stallions in case that over-
work has any bearing on the morphological quality of sper-
matozoa.

The rate of abnormalities in sperm heads and tails and
spermatozoa with cytoplasmic droplets per 100 spermato-
zoa in the present study were different from those in previ-
ous reports [10, 11, 16, 21, 24]; on the other hand, there are
some reports with the same results [2, 20]. This paper also
showed that there are more abnormalities in sperm tails than
in sperm heads [2, 10, 11, 20, 21]. Some sperm tails gener-
ally have a morphological curve and refraction [19]. The
rate of spermatozoa with cytoplasmic droplets was lower in
the present study [10, 11, 16, 21, 24]. However, the rate of
those in the ejaculate collected at 1-6 hr between services
was nearly the same as the rate in the present study [11].
The number of medusa cells was investigated in a large
number of ejaculates, especially those of stallions with a
large number of services, to determine whether they con-
tained two or more cells during observation of each sample.
In the horse, the rate of appearance of the medusa cell is nor-
mally greater than that in bulls, with about one per 10,000
spermatozoa [3]. Therefore, we decided that the number of
services was related to the appearance of medusa cells.

The values for area, length, width and aspect ratio of
sperm heads in the stallions were determined using H.E.
staining. Previous studies have reported that the values
depend on the staining method [4, 5, 15, 22]. Therefore, our
values were similar to or different from those in some previ-
ous studies [1, 7, 8, 12, 14]. The aspect ratios reported in the
previous data were, however, independent of the staining
method [1, 6, 7, 14]. However the aspect ratio in our study
was lower than in previous reports. The stallions used in
present study had run and trained as racehorses from two
years of age until retirement. After that, the horses that had
achieved excellent results were selected as breeding stal-
lions and were assigned a large number of mares to service.
These stallions have been kept under special care. A large
number of services might lead to a change in the aspect ratio
of sperm heads in stallions. Further study is needed to shed
light on the reason for this.

In conclusion, the morphological quality of the ejaculated
spermatozoa of Thoroughbred racehorse champions used
for breeding purposes in Japan varies considerably from ser-
vice to service during the breeding season. The results of
our study suggest that a heavy schedule of multiple services
in active breeding stallions may have no degenerating effect
on the morphological quality of spermatozoa. Further study
is necessary to elucidate whether morphological quality
affects infertility.
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