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Semen evaluation is essential in predicting male 
fertility and plays a significant role in maximizing 
reproductive performance, both in natural conditions 
and in assisted reproduction. This is particularly impor-
tant in the case of horses, as there are many valuable 
stallions that via insemination can affect the selection 
response by siring foals with outstanding breeding and 
performance value. Moreover, accurate classification 
and quantitative determination of a particular sperm 
defect can provide valuable information on the poten-
tial fertility of the stallion and contribute to a diagnosis 
of reproductive problems (5). Routine semen exami-
nation is an important tool in diagnostics and fertility 
evaluation in humans and animals, both in vivo and in 
vitro (26). Among the most important parameters in 
semen evaluation are sperm motility and morphology 
(15). Sperm cells acquire the ability to move after 
passing through the ductus epididymidis. Motility 
is a fundamental morphological parameter enabling 
sperm cells to reach the site of fertilization, and thus is 
a particularly important factor in fertility potential (36). 
Routine morphological evaluation of semen, however, 
does not provide a clear indication of its fertilization 
capacity, with such exceptions as asthenozoospermia, 
azoospermia or teratozoospermia (22). For this reason 

the search continues for ways to more precisely evalu-
ate semen in terms of its functional characteristics. 
Staining of sperm with AgNO3, after certain modifica-
tions, reveals elements of the sperm structure which 
are not visible during routine staining Andraszek and 
Smalec (1). Some authors confirm the sensitivity and 
usefulness of morphological evaluation of the sperm 
cell as a prognostic factor for fertility, particularly when 
Tygerberg’s strict criteria are applied (19). Thus sperm 
cell morphology remains the most reliable indicator of 
fertilization potential, and the fertilization capacity of 
particular individuals is positively correlated with the 
percentage of morphologically normal sperm (31, 37). 
Sperm ultrastructure abnormalities can be a marker of 
pathology in the spermatogenesis process, resulting 
in reduced fertilization capacity and increased risk of 
embryonic death.

The aim of the study was a detailed morphological 
analysis of stallion sperm with particular attention to 
the parameters of the sperm head.

Material and methods
The subject of the study was the sperm of Polish Half 

Bred stallions, isolated post mortem from the tail of the 
epididymis. Ten individuals aged at about 3-4 years were 
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selected for the study. The sperm were isolated according to 
the method described by Evans et al. (10). Fixed cells were 
suspended in a small volume of fresh Carnoy’s solution, 
spread over degreased, cold microscope slides, and air-dried 
at room temperature. The smears obtained were stained with 
silver nitrate – AgNO3 (17). A modification introduced by 
Andraszek and Smalec (1) was applied in both the isola-
tion and staining of the sperm cells. All chemicals used in 
the study were purchased from Sigma Chemical Company. 
The sperm cells were evaluated using an Olympus BX50 
fluorescence microscope and the MultiScan image analysis 
system together with measurement software from Computer 
Scanning Systems. From each stallion 50 morphologically 
normal sperm cells, clearly visible in the field of view of 
the microscope, were selected for analysis. A total of 500 
sperm cells were evaluated. The following measurements 
were made: the length, width, perimeter and area of the 
sperm head; the area of the acrosome; and the length of the 
midpiece, tail, and the entire sperm (Fig. 1).

Tygerberg’s criteria, which most precisely characterize the 
sperm head, were used in the morphological evaluation of the 
sperm. The evaluation was expanded to include characteriza-
tion of the tail, particularly the midpiece. Statistical differ-
ences between the samples were determined using Tukey’s 
test and ANOVA (STATISTICA version 10.0, StatSoft Inc., 
PL). The level of significance was set at P ≤ 0.05 or P ≤ 0.01. 
The study was carried out according to the guidelines of 
the III Ethical Committee in Warszawa (No 37/2011 from 
the 22 June 2011).

Results and discussion
Tab. 1 presents data on the morphological char-

acteristics of the sperm from each stallion. The data 
show that sperm cells from different individuals vary 
in size and shape. The length of the head ranged from 
7.40 µm (stallion no. 4) to 8.14 µm (no. 9) (P ≤ 0.01). 
Apart from one stallion (no. 9), the average length of 
the sperm head did not exceed 8 µm. The width of 
the head also varied between individual stallions. It is 
not always the case that in stallions producing sperm 
with longer heads the heads are wider as well. The 
sperm heads of stallion no. 1 were widest, exceeding 
4 µm, while those of stallion no. 10, for example, were 
0.65 µm narrower (P ≤ 0.01), but the length of the 
sperm heads in the semen of these stallions differed 
only slightly (0.04 µm). This indicates that the sperm 
heads of these individuals were differently shaped. The 
sperm of stallion no. 3 had the smallest heads, with 
a surface area of 18.53 µm2, of which the acrosome 
accounted for as much as 12.13 µm2, i.e. 65.5% of the 
sperm head area. The largest sperm were observed in 
stallion no. 1, with the head area exceeding 22 µm2, 
of which the acrosome occupied nearly 14 µm2. Based 
on analysis of the length of the tail and midpiece of 
the sperm it cannot be definitively stated that sperm 
with longer tails also have longer midpieces. In stallion 
no. 3, whose sperm had the longest tails (84.40 µm) 
the midpieces were only slightly longer than 14 µm, 
0.71 µm shorter than in stallion no. 8 (P ≤ 0.01). In 
the sperm of stallion no. 7, which had the shortest 
tails (76.06 µm), the midpieces were nearly 13.50 µm 
long, so that the midpiece accounted for 17.8% of 
the length of the tail. The total length of the sperm 
was also characterized by substantial individual vari-
ability, ranging from about 83.50 µm (stallion no. 7) 
to nearly 92 µm (no. 3) (P ≤ 0.01). The sperm head 
parameters indicate certain differences in the shape of 
the heads of sperm from different individuals. Sperm 
from stallions 3 and 10 seem to have more elongated 
heads than, for example, sperm from stallion no. 1 (P ≤ 
0.01). Moreover, sperm from stallions 3, 9 and 10 have 
more oval heads, resulting from their greater ellipticity 
values in comparison with the other stallions.

Functionally the sperm cell consists of three regions: 
the head, the midpiece and the tail. During spermiogen-
esis, histones bound with DNA are replaced by prot-
amines. Disulfide bonds formed between protamines 
stabilize the sperm chromatin (34). This reorganization 
results in a highly condensed sperm nucleus. Moreover, 
protamines protect the sperm DNA from enzymatic 
attack by nucleases and polymerases. Because of the 
tight compaction of chromatin by protamines, dis-
turbances in the protamination process lead to sperm 
chromatin anomalies which affect the morphological 
quality of the sperm and its fertilization capacity. Poor-
quality sperm is often observed to have chromatin 
packed too loosely or damaged DNA (33).

Fig. 1. Stallion spermatozoon stained with AgNO3
Explanations: a – acrosome; b – post-acrosomal region (cap); 
c – midpiece
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During spermiogenesis, with the loss of most typical 
organelles and the cytoplasm the volume of the cells 
decreases and the aerodynamic properties of the sperm 
increase, improving the fertilization potential of the 
semen (31). Most changes in sperm cells that reduce 
their fertilization capacity are due to abnormalities 
in spermatogenesis. These are molecular and cyto-
genetic changes associated with abnormal chromatin 
structure in the sperm or anomalies within the sperm 
tail. Numerous sperm defects are associated with 
abnormalities within the midpiece, which often lead 
to reduced motility. Disturbances in mitochondrial 
function can be of molecular or genetic origin, and in 
many cases can lead to apoptosis of sex cells. These 
organelles are thus structures determining the potential 
of sperm to fertilize an egg cell.

Sperm morphology evaluated according to Tyger- 
berg’s strict criteria can be an excellent biomarker of 
sperm dysfunction, which is one of the main causes 
of fertility disorders in the male, and can find applica-
tion in predicting the results of assisted reproduction. 
Morphological evaluation can also to some extent 
indicate the functional capacity of sperm as it relates to 
the role of the acrosome. Semen containing sperm with 
a high percentage of abnormally formed or damaged 
acrosomes can be the cause of fertilization problems. 

In human sperm the normal area of the acrosome 
is 40-70% of the sperm head, and if the acrosome 
occupies less than 40% of the head the sperm are con-
sidered abnormal (38). There have been few studies 
characterizing this parameter in stallion sperm. In the 
present study, the area of the acrosome area ranged 
from nearly 62% to almost 68% of the head area, which 
indicates normal acrosome structure in the stallions 
analysed. Acrosome area as a percentage of the area 
of the sperm head is a valuable parameter in predict-
ing fertility (22) because it indicates the ability of the 
sperm cells to undergo a normal acrosome reaction, 
and thus to penetrate the zona pellucida of the oocyte 
during fertilization (8). An accurate estimate of this 
parameter requires a suitable staining technique that 
clearly differentiates regions of the sperm head (20). 
Silver nitrate staining allows for a precise estimate of 
the acrosome percentage of the head area, because the 
reagents clearly differentiate the head into the acro-
some and the post-acrosomal cap, due to the somewhat 
different chemical composition of the acrosome. Many 
studies have compared sperm stained using different 
techniques (4). These studies have found differences 
in sperm dimensions that may result from varying 
ability of sperm structure components to bind with 
fixatives or stains. The cytoskeleton of the sperm head 

Tab. 1. Morphometric traits of sperms depending on the stallion

Item
Stallion

Total LSD0,05 LSD0,011 2 3 4 5 6 7 8 9 10

Head length (µm) x
Sd

7.94
0.32

7.96
0.40

7.57
0.57

7.40
0.39

7.74
0.39

7.78
0.46

7.46
0.49

7.81
0.38

8.14
0.45

7.98
0.48

7.78
0.49 0.415 0.479

Head width (µm) x
Sd

4.03
0.38

3.96
0.30

3.38
0.33

3.55
0.23

3.89
0.44

3.92
0.36

3.73
0.41

3.80
0.41

3.70
0.30

3.38
0.37

3.74
0.41 0.340 0.393

Head perimeter (µm) x
Sd

20.90
1.18

21.03
0.96

19.13
1.42

19.16
0.80

20.67
1.41

21.05
1.44

20.09
1.84

20.65
1.34

21.01
1.18

19.95
1.36

20.36
1.47 1.252 1.446

Head area (µm2) x
Sd

22.33
2.22

21.67
1.65

18.53
2.74

19.14
1.55

21.04
2.19

21.13
2.24

18.93
2.40

20.36
2.24

20.71
1.42

19.51
1.94

20.33
2.38 1.987 2.295

Acrosome area (µm2) x
Sd

13.81
1.59

13.52
1.04

12.13
1.92

12.96
1.41

14.04
1.17

13.44
1.30

12.88
1.92

12.84
1.64

13.38
1.44

13.07
1.30

13.21
1.56 1.422 1.642

Acrosome coverage (%) x
Sd

61.87
4.05

62.46
3.38

65.51
4.44

67.63
4.13

66.96
4.39

63.78
4.14

67.94
3.92

63.10
4.33

64.51
3.98

67.13
4.57

65.09
4.57 3.934 4.544

Mid-piece length (µm) x
Sd

13.33
0.77

13.51
0.45

14.04
0.62

14.05
0.60

13.38
0.52

13.57
0.41

13.48
0.38

14.75
0.68

14.32
0.52

14.23
0.54

13.87
0.71 0.531 0.613

Mid-piece coverage (%) x
Sd

16.40
1.22

16.59
0.86

16.65
0.95

16.92
0.86

16.77
1.00

17.21
0.93

17.76
0.95

18.02
1.27

18.11
1.49

18.56
1.25

17.30
1.29 1.045 1.207

Tail length (µm) x
Sd

81.49
5.77

81.59
3.75

84.40
2.88

83.12
2.88

79.89
3.75

79.01
3.40

76.06
3.63

82.11
5.27

79.51
6.17

76.89
4.36

80.41
4.92 4.107 4.743

Sperm length (µm) x
Sd

89.44
5.77

89.55
3.75

91.97
3.00

90.52
2.90

87.63
3.91

86.79
3.57

83.52
3.60

89.93
5.22

87.65
6.41

84.86
4.54

88.19
4.98 4.185 4.834

Head ellipticity x
Sd

1.98
0.15

2.02
0.17

2.25
0.23

2.10
0.20

2.01
0.21

1.99
0.14

2.01
0.17

2.08
0.22

2.22
0.26

2.38
0.26

2.10
0.24 0.195 0.225

Head elongation x
Sd

0.33
0.04

0.34
0.04

0.38
0.04

0.35
0.04

0.33
0.05

0.33
0.03

0.33
0.04

0.35
0.05

0.37
0.05

0.40
0.05

0.35
0.05 0.040 0.046

Head roughness x
Sd

0.64
0.04

0.62
0.04

0.63
0.04

0.66
0.04

0.62
0.04

0.60
0.04

0.59
0.07

0.60
0.05

0.59
0.04

0.62
0.06

0.62
0.05 0.044 0.051

Head regularity x
Sd

1.13
0.05

1.14
0.05

1.09
0.06

1.08
0.06

1.13
0.07

1.13
0.06

1.16
0.09

1.15
0.08

1.14
0.06

1.09
0.06

1.12
0.07 0.061 0.071
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consists of resistant structural proteins of the nucleus 
and perinuclear theca (9). Observations by Fouguet and 
Kann indicate that the distribution of actin fibres in the 
sperm head can vary depending on the osmolality of 
the solution. Reagents and water, by penetrating the 
sperm membrane in order to achieve osmotic balance, 
cause the cell to swell or shrink (20), so certain differ-
ences in sperm dimensions may occur depending on 
what staining technique is used.

More sperm cells with abnormal morphology are 
observed in stallion semen than in the semen of other 
farm animals, partly due to the differing classification 
of changes in sperm. In infertile stallions or those with 
reduced fertility, the percentage of sperm cells with 
abnormal morphological structure has been observed 
to increase (13, 29). However, even a level of about 
40% normally formed sperm has been found to enable 
satisfactory fertilization results (6).

Many studies indicate a link between sperm dimen-
sions and fertility in horses (7), pigs (16, 28) and 
canines (25). Moreover, a correlation has been deter-
mined between the dimensions of the sperm head alone 
and fertility in many animal species (7, 14, 16, 25, 28), 
as well as in humans (8). An evaluation by Gravance 
et al. (13) of the semen of fertile stallions and stallions 
with reduced fertility found that the dimensions of the 
sperm head varied between the two groups. Larger 
heads were noted in the semen of stallions with fertil-
ity disorders, as well as a higher percentage of mor-
phologically abnormal heads. There are also studies 
describing differences in the size and shape of sperm 
heads not only in stallions (15, 30), but also in bulls 
(3, 18) and boars (2, 32). Such variation occurs not 
only between species and breeds, but also in different 
ejaculates from the same individual.

The morphology and dimensions of sperm vary 
strongly between and within species and breeds (24). 
The present study showed fairly substantial variation in 
sperm dimensions within one species. Results obtained 
by Morato-Morales et al. (23) indicate substantial 
differences in sperm head dimensions in rams from 
herds of different ancestry. In the present study, the 
sperm of the stallions analysed had larger dimensions 
than were noted in stallion sperm evaluated by other 
authors (13, 30).

Moreover, the genotype of the stallions evaluated in 
different studies should be taken into account. It has 
been suggested that differences in sperm morphol-
ogy are shaped during spermatogenesis (35), while 
the sperm phenotype is under the control of genes in 
the premeiotic phase of development (24). Thus the 
assumption seems justified that differences in sperm 
dimensions in stallions could be the result of different 
ancestry.

According to some authors, the mitochondria are 
the cell structures most sensitive to cryopreservation 
processes (27, 28). Evaluation of the mitochondria and 

the midpiece during semen analysis can thus be useful 
as a marker of sperm fertility (12).

Besides the standard dimensions of the sperm head, 
the present study also analysed other parameters, 
characterizing its shape. These provide a picture of 
the relative shape of the sperm head, which not only 
enables morphometric classification but also charac-
terizes normal sperm head morphology. Roughness 
means irregular or amorphous heads, while regularity 
indicates pyriform heads (21). Higher regularity values 
for the sperm head indicate a more symmetrical shape. 
Ellipticity and elongation define to what degree the 
head is oval, narrow, round or conical. Ellipticity is 
expressed as the ratio of the length of the head to its 
width. Greater width of the head causes a decrease 
in ellipticity. Higher ellipticity values indicate the 
occurrence of oval sperm heads, while lower values 
indicate narrower sperm heads (21). This correlation 
is confirmed in the present study, in which both nar-
rower sperm heads (stallions 1 and 6) and more oval 
ones (stallions 3, 9 and 10) were observed. A com-
parative study by Phetudomsinsuk et al. (30) shows 
differences in sperm head dimensions and shape in 
stallions of different genotypes. Sperm heads in Thai 
native cross-breeds were larger and rounder than in 
purebred stallions. Gage (11) explains that the shape 
of the sperm head is an important factor affecting 
the hydrodynamics of the sperm cell, and presumes 
that sperm cells with narrower and more oval heads 
are characterized by more effective movement. Thus 
we can look for a link between the shape of the head 
and motility by observing whether sperm with more 
oval heads have longer midpieces, whose organelles 
undoubtedly affect sperm movement. In the present 
study, in the stallions that produced sperm with more 
oval-shaped heads (stallions 9 and 10), the length of the 
midpiece as a percentage of the tail length was greatest 
as well, which may indicate more effective movement 
in these sperm and thus greater fertilization capacity.

Despite the vast body of knowledge on semen, the 
subject of the male gamete with high fertilization 
potential remains open. The differences described 
in this paper in the dimensions and shape of sperm 
within different species, breeds and individuals, and 
the fact that in the same ejaculate sperm are always 
heterogeneous and the semen contains both function-
ally normal and damaged sperm are the main obstacles 
to accurate analysis of the ejaculate. According to 
studies by some authors, the staining method and the 
method of evaluating the smears can significantly 
affect the results of morphometric measurements (4). 
The silver nitrate staining used in the present study 
enables staining of sperm structures which are not 
visible when other methods of smear preparation are 
used. In further research this method will be compared 
with other others routinely used in laboratories in order 
to determine the extent to which the staining method 
affects sperm morphology and artefact formation.
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