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1. BACKGROUND AND AIMS OF THE STUDY 

 

Good sperm quality is essential for the success of artificial insemination. During routine 

analysis of sperm quality, concentration, percentage of motile spermatozoa and sperm 

morphology are the commonly investigated attributes. However, high correlations are 

rarely found between the results of these laboratory tests and field fertility. The 

complexity of fertilization requires simultaneous evaluation of several spermatozoan 

attributes. 

A possible candidate for multiparameter sperm analysis is the staining method of 

Kovács and Foote (Biot Histoc 67: 119-124., 1992).  

The aims of this study were to: 

• investigate the applicability of the live/dead and acrosome staining of Kovács and 

Foote for studying the plasma membrane integrity of the sperm tail, 

• determine the relationship between the sperm tail staining and motility, 

• validate the live/dead and acrosome staining with flow cytometric measurements, 

• develop a new, flow cytometric live/dead and acrosome staining combination for 

routine analysis of semen processed in egg yolk-based extenders. 
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2. MATERIALS AND METHODS 

 

2.1. Sperm tail membrane staining under hypoosmotic conditions  

 

For combining the vital staining and HOS we followed the modified method of Kovács 

and Foote (1992): we used a hypoosmotic trypan blue solution. We checked the smears 

at 400x magnification under light microscope. 

 

2.2. Comparison of sperm tail staining and Computer-Assisted Semen Analysis 

(CASA) 

 

2.2.1. Membrane integrity 

From frozen/thawed semen samples we made stained smears following the method of 

Kovács and Foote (1992). We checked the smears at 400x magnification under light 

microscope and classified the cells according to the membrane status of the sperm head, 

tail and acrosome.  

 

2.2.2. CASA 

We measured the percentage of motile cells (MOT%) using a HTM 2000 motility 

analyzer (Hamilton Thorne Research, Beverly, MA, USA).  

 

2.3. Comparison of light microscopic and flow cytometric membrane integrity 

studies 

 

2.3.1. Light microscopy 

We made stained semen smears according to the method of Kovács and Foote (1992). 

 

2.3.2. Flow cytometry 

In this study we used a FACSCalibur flow cytometer (Becton Dickinson, San José, CA, 

USA). We collected the fluorescent data of 10 000 FITC-PNA/PI-stained cells per 

sample and analyzed as cytograms. 
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2.4. Flow cytometric investigations on sperm membrane integrity by a new 

fluorescent staining method 

 

In the case of FITC-PNA/PI-stained samples we collected data on 10 000 "sperm" 

events, while in the case of SYBR-14/PE-PNA/PI (SPP) stained samples we collected 

data on 10 000 "sperm AND NOT egg yolk" events. 

To study the repeatability of the SPP method we used two ejaculates of each of ten 

bulls. We measured three straws per sample in two repetitions. 

To determine the measurement bias due to egg yolk particles, we made paired 

measurements on 14 frozen/thawed semen samples using FITC-PNA/PI and SPP 

staining. We took measurements immediately after thawing ("0 hr") and after incubating 

the samples at 37°C for three hours ("3 hrs"). 

 

3. RESULTS 

 

3.1. Sperm tail membrane staining under hypoosmotic conditions 

 

The correlation coefficient found between the % of sperm with stained tails and the % 

with straight tails was 0.81, 0.94 (p<0,05) and 0.85 (p>0,10) for bull, ram and boar 

spermatozoa, respectively. 

 

3.2. Comparison of sperm tail staining and Computer-Assisted Semen Analysis 

(CASA) 

 

3.2.1. Method agreement analysis 

The mean of the differences (d) was 1.6%, SD was 9.4%, 95% limits of agreement were 

d ± 2SD = (-17.2; 20.4%) (Figure 1.).  
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Fig. 1. Method agreement analysis of the Kovács-Foote staining and CASA. 

 

3.3. Comparison of light microscopic and flow cytometric membrane integrity 

studies 

 

3.3.1. Repeatabilities 

The average difference between the repeated counts on stained smears (d) was 1.35%, 

SD was 5.09%, the British Standard Institution repeatability coefficient (2SD) was 

10.18%. ( Figure 2.). 
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Fig. 2.  Repeatability of the Kovács-Foote staining. 
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Fig. 3.  Repeatability of the FITC-PNA/PI staining. 

 

The average difference between repeated flow cytometric measurements (d) was –

0.49%, SD was 1.82%, the British Standard Institution repeatability coefficient (2SD) 

was 3.64%. ( Figure 3.). 

 

3.3.2. Method agreement analysis 

The mean of the differences (d) was 2.95%, SD was 5.7%, 95% limits of agreement 

were d ± 2SD = (-7.19; 13.09%) (Figure 4.) 
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Fig. 4. Method agreement analysis of the Kovács-Foote and FITC-PNA/PI staining. 

 

3.4. Flow cytometric investigations on sperm membrane integrity by a new 

fluorescent staining method 

 

Four quadrants were set on the FITC-PNA/PI and SPP cytograms (Figure 5.) 

          
 

Fig. 5.  FITC-PNA/PI and SPP cytograms. Quadrants showed the following sperm cell 

subpopulations: 

1. " live cells with intact acrosome" 

2. "live cells with damaged/reacted acrosome" 

3. "dead cells with intact acrosome" 

4. "dead cells with damaged/reacted acrosome" 

 

The average difference between repeated flow cytometric SPP-measurements (d) was -

0.7%, SD was 1.3%, the British Standard Institution repeatability coefficient (2SD) was 

2.6%, indicating a high repeatability. ( Figure 6.). 
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Fig. 6. Repeatability of the SPP staining 

 

Measurements by FITC-PNA/PI were on average 6.3 % larger than measurements by 

SPP (SD was 4.65%). The difference between the paired measurements became larger 

after a 3-hour long incubation at 37°C. (d 0 hr = 4.21%, d 3 hrs = 8.44%). 

 

4. NEW SCIENTIFIC RESULTS 

 

1. Spermatozoa with an intact head membrane, but a stained tail membrane should be 

included in the dead category in live/dead studies with vital stains. 

2. The staining method of Kovács and Foote showed an acceptable repeatability and 

good agreement with the flow cytometric measurements. 

3. I have developed a new, flow cytometric live/dead + acrosome staining 

combination for routine analysis of semen processed in egg yolk-based extenders. 

 

5. SUGGESTIONS 

 

Visual motility estimations are still acceptable for the quality assessment of fresh bull 

sperm. However, for the quality control of processed, frozen/thawed semen more 

detailed analyses are needed. Using multi-parametric methods, semen processing steps 

can be controlled as well. 
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A good starting point would be the establishment of a flow cytometer laboratory for 

animal reproductive biology studies.  
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