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ABSTRACT 

The presented research is focused on the kinetic parameters of ram spermatozoa related to hyperactiva-

tion after incubation in Bovine serum albumine (BSA) -containing medium for 4 h. Seminal samples were 

collected from five sexually mature rams using artificial vagina. The ejaculates (n=15) were diluted with ex-

tender 6A, then incubated (37°C, 5% CO2  in air) for 4 hours in the absence (control group) or presence (ex-

perimental group) of 4 mg/ml BSA. The hyperactivation of the spermatozoa was detected using the Sperm 

computer analyser (SCA Microptic). Computer assisted sperm analysis (CASA) was performed for progres-

sive and non-progressive motility and kinematic parameters of the sperm cells. The results demonstrated that 

incubation with BSA, resulted in a significant increase (P < 0,05) in the values of the kinetic parameters of 

spermatozoa at 4 h of incubation. The parameters that most accurately describe the hyperactivated motility are 

curvilinear velocity (VCL), percentage of fluctuation (WOB), amplitude of lateral displacement of the head 

(ALH), beat-cross frequency (BCF), velocity in a straight line (VSL), linearity (LIN) and straightness (STR). 

Our experiments display a significant decrease of the parameters VSL, LIN and STR (P < 0,05), which can 

also be related to the movement pattern of the cells characterized with hyperactivation. The incubation with 

BSA, under set conditions, resulted in the hyperactivation of ram spermatozoa with drastic changes in the 

following CASA parameters: VCL values > 100 µm/s, ALH > 7 µm, LIN < 50%, recorded at 4 h. The changes 

in sperm kinetics under the examined specific conditions can be used as a marker of hyperactivation of sper-

matozoa during the preparation process of media and diluents before artificial insemination. 
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Introduction 

The process of hyperactivation is a part of continuous physiological changes that spermatozoa 

undergo to become suitable for fertilization. The hyperactivation is presented as changes in the 

initial motility of ejaculated spermatozoa as vigorous and asymmetrical movement, deviating from 

the normal straight path and species-specific pattern. This change in the movement profile of the 

male gametes provides them with the ability to pass through the viscous environment in the oviduct 

and penetrate the zona pellucida surrounding the egg (Suarez & Ho, 2003). The most indicative 

signal for the onset of hyperactivation is the increase in Ca2+ concentrations, from both intracellular 

and extracellular sources. This suggests that hyperactivation could be induced in vitro by treating 

spermatozoa with pharmacological agents that are thought to increase gamete membrane permea-

bility for extracellular Ca2+, as well as induce release of intracellular Ca2+ (Suarez & Ho, 2003; 

Marquez et al., 2007). Bovine serum albumin (BSA) has emerged as a stimulant for the secretion 

of ions, especially calcium which subsequently activates the adenylyl cyclase, leading to increased 
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levels of cAMP. Interestingly, BSA also induces rapid phosphorylation of glycogen synthase ki-

nase, suggesting that opposing regulatory mechanisms may fine-tune calcium signaling leading to 

increased sperm motility (Mohanty et al., 2024). Some authors report that a medium containing 

heparin-hypotaurin-BSA induced capacitation-related changes in sperm motility and membrane flu-

idity compared to other treatments, highlighting the crucial contribution of BSA to sperm function-

ality (García-Álvarez et al., 2015). Furthermore, Masrizal et al. (2024) suggest the techniques in-

volving sperm treatment with a BSA could affected sperm quality. These conflicting results high-

light the need to understand the precise role of BSA in sperm functionality and to further charac-

terize the conditions that support hyperactivation of ram spermatozoa in in vitro conditions.  

The present study aimed to follow the dynamics of hyperactivation in ram spermatozoa after 

incubation in a BSA- containing medium for 4 h, based on their kinematic parameters. 

Materials and Methods 

Experimental design 

The experiment was carried out in the animal facility of the Institute of Animal Science – 

Kostinbrod with five sexually mature, clinically healthy rams from Synthetic Population Bulgarian 

Milk Sheep breed. Each of the rams included in the present study was fed under uniform nutritional 

conditions. The ejaculates (n = 15) were collected by using artificial vagina. The experiment has 

been performed in two replications. Each seminal sample was diluted with ram semen extender 6A 

to a final concentration of 50×106 sperm cells/ml in the laboratory of the Institute of biology and 

immunology of reproduction “Akad. K. Bratanov “, Bulgarian Academy of Sciences. 500 μL semen 

samples were incubated (37°C, 5% CO2 in air) for 4 hours in the absence (control group) or presence 

(experimental group) of 4 mg/ml Bovine serum albumin (BSA, Sigma Aldrich).  

Computer assisted sperm analysis 

The prepared semen samples were loaded into Leja 20 chambers (Leja, The Netherlands) and 

examined using a microscope with a thermal plate at 36oC (Nikon, Japan), part of Sperm Class 

Analyzer (SCA, Microptic, Spain). 10 μL aliquots of ram spermatozoa were examined at the begin-

ning (0 h), at the middle (2 h), and at the end (4 h) of the incubation to evaluate the following 

motility and kinetic parameters of the spermatozoa: progressive and non-progressive motility; kin-

ematic parameters as the curvilinear velocity (VCL, mm/s); the average path velocity (VAP, mm/s); 

the straight-line velocity (VSL, mm/s); straightness of trajectory (STR, %); the percentage of line-

arity (LIN, %); the width of the sperm head's trajectory was recorded as the mean amplitude of 

lateral head displacement (ALH, mm); the wobble (WOB, %), which demonstrates the measure of 

oscillation of the actual path about the average path; the beat-cross frequency of the change in di-

rection of the sperm head (BCF, Hz), and hyperactivity (%). A sperm cell is considered hyperac-

tivated if it meets all of the following CASA-based kinematic criteria: curvilinear velocity (VCL) 

> 100 µm/s, lateral head displacement (ALH) > 7 µm, low linearity (LIN < 50%). At each time 

point (0 min, 2h, 4h) the semen samples were evaluated and recorded on the basis of total sperm 

cells counted (N-_total) and a number of hyperactivated sperm cells (N-_hyper). The percentage of 

hyperactivated spermatozoa was calculated using the following formula:  

Hyperactivation percentage = (N hyper/ N total) ×100 
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Statistical Analysis 

The statistical program SPSS 13.0 for Windows was used, and the results were presented as 

mean ± standard error. The students' t-test evaluated the significance of the differences between the 

groups. Pearson's test evaluated the correlation. Results are considered statistically significant if 

P<0,05.  

Results 

Motility parameters of ram semen samples were measured at the beginning of the experiment 

(0 h) and after incubation (4 h) with 4 mg/ml BSA. The percentage of motile spermatozoa decreased 

insignificantly compared to the initial values at 0 h. However, compared to the control group after 

4 h of incubation, the values of the experimental group were twice as high for the percentage of 

total motility, progressive, rapidly progressive, medium progressive, slow and immotile ram sper-

matozoa (P<0,05; Fig.1). 

 
Figure 1: Radar plot of the mean sperm motility (%) measurements for comparison of experimental  (red zone) 

and control (blue zone) groups. 

The mean values of the kinematic parameters changed as follows: the viability parameters 

VCL, WOB, ALH and BCF increased significantly (P < 0,05), while the progression parameters 

(VSL, STR and LIN) significantly decreased (P < 0,05) in the experimental group compared to the 

control after 4 h (Table 1). 

Table 1: Mean SCA values of ram spermatozoa incubated for 4 hours in the absence (control group) or presence 

(experimental group) of 4 mg/ml BSA 

Group 

In-

cub. 

pe-

riod 

VCL 

(µm/s) 

VAP 

(µm/s) 

VSL 

(µm/s) 

STR 

(%) 

LIN 

(%) 

WOB 

(%) 

ALH 

(µm) 

BCF 

(Hz) 

Hyper-

activ. 

sp (%) 

Contr. gr. (n=15) 4 h 
41,81 

± 1,10 

13,43 

± 2,11 

39,28 

± 1,90 

49,52 

± 2,73 

33,46 

± 0,65 

49,69 

± 1,71 

2,54 

±0,15 

1,94 

±0,23 

0,304 

±0,08 

Exper. gr. (n=15) 4 h 
141,34 

± 7,31 

8,97 

± 0,70 

31,88 

± 0,40 

29,63 

± 0,54 

20,62 

± 0,39 

62,23 

± 2,14 

8,06 

±0,30 

4,92 

±0,21 

4,59 

±0.23 

Control / Exper.gr P 
0,001 

*** 

0,217 

n.s. 

0,177 

* 

0,006 

*** 

0,0001 

*** 

0,032 

* 

0,001 

*** 

0,001 

*** 

 0,001 

*** 

Significant differences: * Р < 0,05; ** Р < 0,01; *** Р < 0,001;  
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In order to investigate the relationship between quantitative data, Pearson correlation analysis 

was applied between the percentage of hyperactivated spermatozoa with progressive motility, VCL, 

VSL, STR, LIN, WOB, ALH, and BCF. A positive correlation (P < 0,05) was determined of the 

already hyperactivated spermatozoa from the experimental group after the incubation period with 

all SCA parameters (Table 2). 

Table 2: Pearson coefficient between % of hyperactivated spermatozoa and SCA parameters 

(n=45)  Progressive VCL VSL STR LIN WOB ALH BCF 

Hyperactive sp. 

Coefficient 0.771** 0.765** 0.729** 0.596** 0.555** 0.716** 0.777** 0.846** 

p Value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

n 45 45 45 45 45 45 45 45 

Significant differences: * Р < 0,05; ** Р < 0,01 

Discussion 

The hyperactivation of spermatozoa is a crucial point of their capacitation and involves a 

cascade of changes regarding the movement pattern and the functionality of the gametes. Hyperac-

tivation can be described as a specific and drastic changes in sperms motility and kinetics, exhibit-

ing higher amplitude and asymmetric beating of the sperm's flagellum, which provides them the 

ability to move through the female reproductive tract and to reach the oocyte. According to Câmara 

et al. (2016), for the identification of spermatozoa’s hyperactivation through CASA a minimal value 

of the following parameters should be set: curvilinear velocity (VCL) > 100 µm/s, lateral head 

displacement (ALH) > 7 µm, maximum path linearity threshold (LIN < 50%).  

In the presented study, a decrease in the values for VSL, STR and LIN, as well as higher 

values for VCL, WOB, ALH and BCF were determined. Therefore, ram sperm cells, which gener-

ally move quickly and follow a linear trajectory compared to other ruminants (Robayo et al., 2008), 

in the presented study are provoked to deviate from their initial straight movement pattern in con-

ditions with added BSA in the media during incubation for 4h. The kinetic profile becomes circular 

with high amplitude asymmetrical beating of the flagellum. Similar experiments were conducted to 

describe the hyperactivation process of spermatozoa in other animal species (Hinrichs & Loux, 

2012; Sharif et al., 2022). 

The basic mechanisms characterizing the process of hyperactivation involve complex signal 

pathways initiated by the rise of the cellular Ca2+ as a result of the inflow from the plasma membrane 

and probably also from Ca2+ release from the nuclear membrane. This process requires higher pH 

levels and elevated ATP production. The significant changes in the movement pattern of the gam-

etes in the presented experiments can be related to the 6A extender and the influx HCO₃ from BSA, 

which stimulates the soluble adenylyl cyclase (sAC). This in turn leads to the production of cyclic 

adenosine monophosphate (cAMP), which in turn activates protein kinase A (PKA). These physi-

ological signals regulate the protein phosphorylation involved directly in sperm motility, leading to 

the hyperactivation of the male gametes (Suarez, 2008; Tourmente et al., 2022). 

Some studies highlight the role of some extracellular factors in the modulation of these path-

ways. BSA plays a key role in the hyperactivation of sperm cells by acting as a lipid and cholesterol 

acceptor, facilitating essential biochemical changes, leading to drastic changes in the motility pro-

file. Some other factors, including steroid hormones have been shown to influence hyperactivation 



 Temporal dynamics of hyperactivation of ram spermatozoa as a … 55 

 

through their receptors, affecting protein phosphorylation and intracellular calcium levels, critical 

for initiating hyperactivation in spermatozoa (Gimeno-Martos et al., 2021). 

In addition, the use of BSA has been found to promote antioxidant properties, improving 

sperm motility parameters and signaling mechanisms that mediate hyperactivation, creating an en-

vironment that supports optimal sperm vitality and progressiveness (Baumber et al., 2013). 

The presented experiments demonstrated that ram semen incubated in a BSA medium for a 

period of 4 hours alters sperm functionality, highlighting the importance of occurring hyperactiva-

tion for the preparation of the samples before artificial insemination of the sheep (Diansyah еt al., 

2025).  

The presented experiment provides valuable information for the importance of BSA, its ef-

fective applications in reproductive biotechnology and the potential improvements in ram semen 

processing protocols. 

Conclusion 

Capacitation and hyperactivation of the sperm cells are crucial processes which enable male 

gametes to successfully fertilize the egg. BSA can be successfully used to initiate and regulate these 

processes in ram sperm cultivation media in vitro. This in turn would lead to an increase in fertili-

zation success after artificial insemination. The demonstrated results provide a solid basis to con-

sider that the incorporation of BSA into ram ejaculates would lead to an increase in fertilization 

success during the artificial insemination process. 
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