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1. INTRODUCTION 

Diploid and large sperm nuclei have been 

described in different mammalian species as 

abnormalities that can be related to fertility 

problems (Gledhill, 1965; Egozcue et al., 2000; 

Levek-Motola et al., 2005; Spirito et al., 2011). 

Morphological descriptions and interpretations 

of their origin differ between different authors 

(Ferrari et al., 1998; Celik-Ozenci et al., 2004; 

Vieytes et al., 2008; Revay et al., 2009; Spirito et 

al., 2011). Although the frequency of diploid 

spermatozoa is usually low in semen of fertile 

individuals, these spermatozoa can contribute to 

the production of triploid embryos and are 

therefore one of the causes of spontaneous 

abortion (Egozcue et al., 2002; Codina-Pascual et 

al., 2006; Rosenbusch, 2008). Diploid 

spermatozoa are the result of various 

abnormalities that may occur before meiosis or 

during the first and/or the second meiotic division 

(Egozcue et al., 2000; Codina-Pascual et al., 

2006).  

Chemical and architectural modifications of 

chromatin (DNA–protein complex) may lead to a 

disturbed condensation during spermatogenesis, 

which could be the origin of large nuclei. These 

nuclei are usually wider and longer than normal 

and are associated with low fertility or even total 

infertility (Barth & Oko, 1989; Ferrari et al., 

1998; Revay et al., 2009; Chemes & Rawe, 2012; 

Guthauser et al., 2016). 

Different methods have been used to evaluate the 

ploidy level of sperm nuclei: biochemical 

methods (Pogany et al., 1981), microspectro 

photometric measures of Feulgen-stained nuclei 

(Gledhill, 1965; Vieytes et al., 2008; Spirito et 

al., 2011). FISH using specific probes to 

recognize chromosomes (Celik-Ozenci et al., 

2004) and flow cytometry (Levek-Motola et al., 

2005). 
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Abstract 

The aims of the present work where: i) to determine and compare the DNA content and parameters of chromatin 

distribution in normal, large and diploid bovine sperm nuclei, ii) to evaluate the frequency of these three classes 

of nuclei, iii) and to analyze the usefulness of the Feulgen reaction to recognize normal, large and diploid 

sperm nuclei in bovine ejaculates. Cytophotometric determinations showed that the C-DNA values of normal 

and large nuclei were not significantly different but differed statistically (P<0.05) from those of diploid nuclei. 

Cytophotometric parameters related to chromatin distribution showed statistical differences between normal, 

large and diploid nuclei (P<0.05). The Area and Volume of large sperm nuclei were greater than those of 

normal nuclei, whereas the Mean and Maximal Absorbance were smaller, suggesting incomplete and/or 

defective chromatin condensation in large nuclei. Diploid nuclei showed an anisotropic DNA increase with a 

privileged direction of growth in the perpendicular plane of the principal area of the sperm nucleus. The 

Feulgen reaction stained the three classes of nuclei with different intensity, allowing us to recognize them 

clearly using light microscopy. The frequencies of large and diploid bovine sperm nuclei were 0.27% and 

0.08% respectively. The morphological description of diploid nuclei differs between authors. We propose that 

these differences could be the consequence of failures in different pre-meiotic or meiotic stages. 

Keywords: Bovine, C-DNA, Diploid Sperm Nuclei, Feulgen Reaction, Large Sperm Nuclei, Sperm Chromatin. 
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The size and shape of sperm heads and nuclei are 

important parameters for semen evaluation and 

when they differ from the normal pattern for the 

species, the fertility of the ejaculates can be 

reduced and abortions may occur (Chemes & 

Rawe, 2003; Enciso et al., 2011). Therefore, 

knowledge of morphometric and morphological 

parameters of diploid and large spermatozoa 

become important to evaluate the ejaculate 

quality and implement assisted reproduction 

techniques.  

The aims of the present work were: i) to 

determine the DNA content and parameters of 

chromatin distribution in bovine sperm nuclei to 

compare normal, large and diploid nuclei; ii) to 

evaluate the frequency of these three classes of 

nuclei in bovine ejaculates; iii) and to discuss the 

usefulness of the Feulgen reaction, a DNA-

specific and stoichiometric stain to recognize 

normal, diploid and large sperm nuclei in bovine 

ejaculates.  

2. MATERIALS AND METHODS 

2.1. Spermatozoa 

We analyzed 35 doses of frozen semen straws 

from 35 bulls. The fertility potential was 

estimated into three fertility categories according 

to the conception rates (CR) (high fertility: CR 

higher than 50%; medium fertility: CR between 

40% and 50% and low fertility: CR lower than 

40%).  

The bulls were treated in accordance with 

established ethical guidelines. 

2.2. Feulgen Reaction 

The Feulgen reaction was performed according 

to the technique already described for bovine 

spermatozoa (Vieytes et al., 2008). This reaction 

is specific and stoichiometric with the DNA. 

2.3. Optical Analysis of the Sperm Nuclei 

Semen smears were stained with the Feulgen 

reaction and analyzed under light microscopy 

(x1000). All observations were made on the 

flattening plane by the same trained operator. 

Normal, diploid and large nuclei were classified 

taking into account the staining intensity and 

their size and shape. The morphology of normal 

and large nuclei was determined according to the 

classification scheme of Barth & Oko (1989) and 

the diploid nuclei according to the descriptions of 

different authors (Gledhill, 1965; Ferrari et al., 

1998; Vieytes et al., 2008). 

2.4. Cytophotometric Study of the Feulgen-

DNA Complex 

Feulgen densitometry relies on the premise that 

the amount of stain bound is directly proportional 

to the amount of DNA present and the amount of 

stain is determined based on the amount of light 

it absorbs. According to Hardie et al., (2002), the 

Lambert’s and Beer’s law holds for 

measurements of stained nuclear DNA. 

Measurements were made in semen of five fertile 

males at a wavelength of 560 nm using a 

Cytoscan Zeiss Universal microscope (UMSP 

30) and X2000. For each nucleus, Area, Maximal 

absorbance (MaxAbs), Mean absorbance 

(MeAbs) and Mean absorbance per area were 

determined. The latter corresponded to the DNA 

content expressed in arbitrary units. The C-value 

(expressed in picograms) was calculated using 

erythrocyte DNA from Gallus domesticus as 

standard (C-value = 1.25 pg) (Gregory, 201(8). 

The Volume (expressed in arbitrary units) was 

inferred from the product between Area and 

MeAbs. All measurements were made by the 

same operator. 

2.5. Graphic Representation of the Feulgen-

DNA Complex 

SURFER Version Sep. 12 2012 Golden 

Software, Inc. Point was used to construct 2D 

surface maps. 

2.6. Percentage of Coincidence 

The percentage of coincidence was calculated 

using the following expression: (Number of cases 

where optical analysis and cytophotometric 

classification coincided / total number of sperm 

nuclei analyzed) x 100.  

2.7. Statistical Analysis 

The normality of the cytophotometric data was 

tested with the Shapiro-Wilk Test. Differences 

between the three classes of sperm nuclei 

(normal, diploid and large) were evaluated using 

the Kruskal Wallis Test. The statistical analyses 

were performed using the Infostat software, 

Facultad de Ciencias Agrarias, Universidad 

Nacional de Córdoba, Córdoba, Argentina (Di 

Rienzo et al., 2015). 

3. RESULTS  

A total of 5250 sperm nuclei from 35 animals 

(150/animal) were analyzed under light 

microscopy (x 1000). Light microscopic 

observations of bovine spermatozoa, stained with 

the Feulgen reaction, allowed discriminating 

three different nuclear subpopulations according 
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to the staining intensity, size and shape: normal, 

large and diploid. Normal nuclei had the 

morphology more frequent and homogeneous in 

the population. Large nuclei were wider and 

longer than normal. Diploid nuclei had a shape 

similar to that of normal nuclei, were a little 

larger, and had a slightly broader post-acrosomal 

zone (Figure 1).  

. 

Figure1. Bovine sperm nuclei stained with the 

Feulgen reaction. a) and c) *diploid nuclei. b) and d) 

**large nuclei. Nuclei without marks are normal 

nuclei. All the figures have the same enlargement. 

Magnification ca. 2000 x. 

The frequency of normal, large and diploid sperm 

nuclei showed no significant differences 

(P>0.05) between fertile bulls and bulls with low 

fertility and total infertility. Fertile bulls were the 

43.3% of the studied animals, bulls with low 

fertility the 26.7% and bulls with total infertility 

the 30.0%. 

The mean frequency of normal spermatozoa was 

92.80% with a range between 84.90% and 

97.35%, whereas that of diploid was 0.08%, with 

a range between 0% and 0.66%, and that of large 

nuclei was 0.27%, with a range between 0% and 

1.22%. No crested, rolled, amorphous or 

tetraploid nuclei or spermatozoa with double 

flagellum were detected, but some abnormalities 

such as small, pear-shaped, narrow and round, 

were observed with a total mean frequency of 

6.85 %. Feulgen staining allowed discriminating 

clearly between diploid and haploid sperm nuclei 

because the former were notoriously darker than 

the latter and the coloration of large nuclei was 

lighter than that of normal nuclei (Figure 1).  

The DNA content, Area, MeAbs, MaxAbs and 

Volume of individual sperm nuclei were 

determined in 170 nuclei from five bulls by 

scanning with the cytophotometric technique 

(Table 1). Sperm nuclei with C-DNA content 

were named haploid while those with duplicate 

DNA content (2C-DNA), were named 

purportedly diploid since their chromosomes 

were not cytogenetically identified 

Table1. Cytophotometric measurements made in 

Feulgen-stained nuclei of bovine spermatozoa. 

Observations were done at a wavelength of 560 nm in 

a pool of 170 sperm nuclei from five bulls. Per column, 

means with different letters indicate significant 

differences (p<0.05). (n) haploid sperm nuclei, (2n) 

diploid sperm nuclei, (AU) arbitrary units, (MeAbs) 

Mean Absorbance, (MaxAbs) Maximal Absorbance. 

Sperm 

nuclei 

 

 

DNA 

content 

(pg) 

Cytophotometric 

measurement 

Mean ± SE 

n 

Area 

(µm2 

Me 

Abs 

Max 

Abs 

Volume 

(AU) 
 

Normal 

(C-DNA) 

3
.2

3
±

0
.0

4
A
 

2
3

.7
7
±

0
.5

7
A
 

0
.0

9
±

0
.0

0
A
 

0
.3

0
±

0
.0

1
A
 

2
.1

8
±

0
.0

2
A
 

110 

Large 

(C-DNA) 

3
.3

7
±

0
.0

5
A
 

3
5

.9
0
±

0
.4

7
B
 

0
.0

7
±

0
-0

1
B
 

0
.2

6
±

0
.0

1
B
 

2
.3

4
±

0
.0

5
B
 

29 

Diploid 

(2C-

DNA) 

6
.2

5
±

0
.1

2
B
 

2
6

.4
5
±

0
.5

6
C
 

0
.1

6
±

0
-0

1
C
 

0
.6

1
±

0
.0

2
C
 

4
.2

4
±

0
.0

7
C
 

31 

The DNA content of normal and large nuclei 

presented no significant differences between 

them, but differed statistically (P<0.05) from 

diploid nuclei. Area, MeAbs, MaxAbs and 

Volume showed statistical differences (P<0.05) 

between normal, large and diploid nuclei.  

The mean Area was equal to or smaller than 30 

µm2 in normal nuclei and greater than 30 µm2 in 

large nuclei. The mean Area and Volume of large  

nuclei were, respectively, 51% and 7% greater 

than those of normal nuclei.  The mean MeAbs 

and MaxAbs of large nuclei were, respectively, 

22% and 13% lower than those of normal nuclei. 

The mean Area of diploid nuclei overlapped with 

that of normal nuclei. The mean Area, MeAbs, 

MaxAbs and Volume of diploid nuclei were 

respectively, 11%, 78 % 103%, and 94% greater 

than those of normal nuclei. The mean Area value 

of diploid nuclei overlapped with that of large 

nuclei. The mean Area of diploid nuclei was 26% 

lower than the mean Area of large nuclei. The 
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mean MeAbs, MaxAbs and Volume of diploid 

nuclei were, respectively, 128%, 135% and 81 % 

greater than those of large nuclei. 

Visual and cytophotometric determinations of 

170 sperm nuclei (haploid and diploid) had a 

percentage of coincidence of 98%. 

Figure 2 presents examples of 2D representations 

of DNA distribution. The 2D graphics show level 

curves that join points in the (x, y) plane with the 

same absorbance (points with the same DNA 

content). The observation of the graphics indicates 

that MaxAbs always occurred in the basal zone of 

the spermatozoa and decreased towards the 

nucleus edge. Moreover, the increase of 

absorption between the nuclear edge and the 

MaxAb is notably greater in diploid nuclei than in 

haploid nuclei

Figure2. 2D representations of chromatin distribution in bovine haploid and diploid sperm nuclei.

X and Y axes represent distances (µm2) of the principal area. Curves represent absorbance points with the same 

absorbance. Absorbance values, are directly proportional to the DNA content.  

a) haploid nucleus and b) diploid nucleus. Difference in absorbance values between curves = 0.4. Stars indicate 

zones of MaxAbs. 

4. DISCUSSION AND CONCLUSIONS 

Disorders during premeiosis and/or 

spermatogenesis can produce diploid and large 

sperm nuclei (Egozcue et al., 2002; Codina-

Pascual et al., 2006; Rosenbusch, 2008). During 

spermiogenesis, disturbed chromatin 

condensation due to incorrect replacement of 

histones and/or formation of disulfide bonds 

could originate some large nuclei that are 

associated with low fertility or even total 

infertility (Ferrari et al., 1998; Revay et al., 2009; 

Chemes & Rawe, 2012; Guthauser et al., 2016).  

In the present work C-DNA, Area, MeAbs, 

MaxAbs and Volume were cytophotometrically 

determined to understand the characteristics of 

the DNA content and chromatin distribution in 

normal, large and diploid bovine sperm nuclei. 

Cytophotometric determinations of DNA content 

allowed us to distinguish two subpopulations: 

haploid and diploid nuclei. The C-DNA value 

obtained in normal haploid nuclei (3.23±0.04 pg) 

confirmed previous data (Gregory, 2017). The 

DNA content of normal and large nuclei did not 

differ statistically between them, but, differed 

statistically (P<0.05) from that of diploid nuclei. 

This result is in agreement with data obtained 

previously (Ferrari et al., 1998). 

Numerous studies have analyzed the 

morphometry of normal bovine sperm heads but 

few have determined nuclear morphometric 

parameters. In this work, the value of normal 

nuclear area (23.77µm2) was similar to that 

obtained by Foote (2003) (26.20µm2). While in 

both cases it was used the Feulgen reaction as 

staining, the small difference that was observed 

between them may be due to inherited differences 

and/or the different methods used for measuring 

the size.  

The cytophotometric determination of 

parameters related to chromatin distribution 

allows interpreting morphological observations 

done in bovine sperm nuclei. The nuclear sperm 
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Area was significantly different between normal 

and large nuclei. Other parameters related to 

chromatin distribution indicated that large nuclei 

had a significantly lower MeAbs and MaxAbs 

values and a significantly greater Area and 

Volume than normal nuclei, suggesting that they 

had incomplete and/or defective chromatin 

condensation. This interpretation is in 

accordance with that observed by different 

authors (Ferrari et al. 1998; Revay et al., 2009; 

Guthauser et al., 2016), but Celik-Ozenci et al. 

(2004) found that large human sperm heads 

presented a detectable cytoplasmic retention. 

In the present work, the mean Area of diploid 

nuclei was significantly different from that of 

both normal and large sperm bovine nuclei. But, 

values of diploid nuclei overlapped with those of 

normal and large nuclei and it was difficult to 

recognize diploid spermatozoa by their size by 

using light microscopy. Celik-Ozenci et al. 

(2004) analysing human diploid spermatozoa 

concluded that sperm size and shape are not 

reliable attributes in the selection of haploid 

sperm for ICSI. 

MeAbs and MaxAbs of diploid spermatozoa 

were notoriously higher than those of normal 

spermatozoa (78% and 103% respectively). 

These values contrast with the Area, which was 

only 11% greater than that of normal 

spermatozoa and suggest that the increase in 

DNA content would be anisotropic, with a 

preferential direction of growth along the 

perpendicular axis to the flattening plane of the 

sperm nucleus (Figure 2). Similar observations 

have been made in equine spermatozoa (Spirito 

et al., 2011) and in llama spermatozoa (Giuliano 

et al, 2018).  

Morphological descriptions of diploid sperm 

nuclei differ between authors. This can be due to 

the fact that the spermatozoa were originated by 

different kinds of failures.  

For example, if the meiotic arrest is produced at 

metaphase (I or II) or at telophase (I or II), the 

distribution and chromatid composition of the 

chromosomes could differ.  

Revay et al. (2010) found that the chromosomes 

of bull diploid spermatozoa presented two 

chromatids in a so close association that they 

were hardly separable by FISH using whole 

chromosome painting probes. Based on the 

observations of Revay et al. (2010) and on the 

characteristics of the chromatin distribution 

described in the present study we propose that the 

diploid bovine sperm nuclei, analyzed in the 

present work, would have the chromosomes 

distributed in the principal area, conserving the 

shape and size similar to that of haploid 

spermatozoa. Furthermore, chromosomes would 

be constituted by two closely associated 

chromatids. This association of chromatids in the 

chromosomes would generate a large increase in 

the perpendicular direction to the nuclear 

flattening plane explaining the almost two-fold 

increase in the MeanAbs and the MaxAbs and the 

low increase in the Area. 

The frequencies of diploid and large nuclei 

present in ejaculates are in accordance with data 

presented by other authors in bovine species 

(Gledhill 1965; Salisbury & Baker 1966; Barth & 

Oko; 1989. Ferrari et al., 1998; Vieytes et al., 

2008; Pauciullo et al. 2009, González, 2013a). To 

the best of our knowledge comparisons between 

fertilization rates and frequency of diploid 

spermatozoa in bovine ejaculates are not present 

in the literature. In this paper no statistically 

significant differences in the frequency of both 

diploid and large sperm nuclei present in the 

ejaculates of males with high, mean and low 

fertility were obtained. But, it should be noted 

that the only bull that exhibited an important 

increase in the frequency of diploid sperm nuclei 

(8.25 times greater than the mean) had low 

fertility. Vieytes et al. (2008) and Guttenbach et 

al. (1997) observed similar cases in bovine and 

human spermatozoa respectively. Although those 

frequencies were very low, we can presume an 

"iceberg effect". The meiotic problems that 

generate diploid spermatozoa could produce 

other chromosome alterations such as 

aneuploidies, reducing semen fertility (Egozcue 

et al., 2000, Godo et al., 2013). It would be 

interesting that in the future similar cases would 

be analysed in order to confirm the range of 

variation of diploid sperm in semen with different 

fertility levels 

The Feulgen reaction showed to be a simple, non-

invasive and low-cost method and our results 

indicate a 98% of coincidence between 

cytophotometric determinations and visual light 

microscope observations. The results obtained in 

the present work as well as results previously 

obtained in horses (Spirito et al. 2011), boars 

(González et al. 2013b) and llamas (Giuliano et 

al. 2018) allow us to conclude that the Feulgen 

reaction would be a reliable assay to recognize 

diploid and large nuclei using light microscopy 

javascript:;
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and should be incorporated in the routine 

evaluation of species with commercial interest. 
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