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Abstract: The current study aimed to examine the percentage changes of 
viability sperm and the activity of the enzymes LDH, ALP, GOT / AST, GPT / 
ALT in the sperm plasma of Lacaune rams, before and after cryopreservation. For 
this purpose, five rams were examined, and two ejaculates were obtained from each 
ram. Ejaculates are collected by the method of artificial vagina, during the 
insemination campaign. All ejaculates were diluted with a 6AG extender and 
frozen by the Cassou’s sequin method. Sperm viability was determined by eosin 
and nigrosine smears, and enzyme activity was examined spectrophotometrically. 
As a result, the percentage of vital sperm after cryopreservation decreased by 15% 
(P ≤ 0.001). The freezing and thawing process also reduced the activity of the 
enzymes LDH, ALP, GOT / AST and GPT / ALP. In conclusion, the observed 
enzymes, in relation to sperm vitality, could be used as indicators to optimize the 
protocols for cryopreservation of ram’s sperm.   
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Introduction 
 

Mammalian sperm plasma is a composite mixture of epididymal 
secretions and accessory gonads (La Falci et al., 2002). It creates the mandatory 
environment for the normal functioning of sperm, and the present amount and type 
of enzymes and metabolites strongly affects sperm quality and freezing stability 
(Asadpour, 2012; Juyena and Stelletta, 2012; Mráčková et al., 2015; Atroschenko 
et al., 2019). Some of the enzymes are found in sperm, and they play an important 
role in fertilization, metabolic processes and the conversion of chemical energy 
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into mechanical, which ensures the movement of sperm (Baychev et al., 2007).  
Some authors have also established the role of various enzymes in semen. For 
example, lactate dehydrogenase (LDH), alkaline phosphatase (ALP), aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT)  are crucial for 
processes of metabolism that provide energy for sperm survival, motility and 
fertility (Sirat et al., 1996; Duan and Goldberg, 2003). According to some studies 
in horses, γ-glutamyl transferase (GGT) correlates with sperm motility (Pesch et 
al., 2006; Dogan et al., 2009). Also, plasma aminopeptidases of sperm,  such as 
alanyl aminopeptidase (APN), are involved in many physiological processes. 
Alkaline phosphatase (ALP) can be used to differentiate azoospermia (El-Bishbishy 
et al., 2013).  

Some studies show that if a certain enzyme is present in total semen (that 
is, in both sperm and plasma), there is often a large difference in its activity 
(Andreeva, 2020). Most often, intracellular enzymes (found in sperm) enter the 
sperm plasma after an effusion resulting from disruption of the cell membrane 
during sudden cooling, after deep freezing or ultrasonic disintegration by a sonifier 
(Murdoch and White, 1967; Andreeva et al., 2022). Therefore, evaluations of these 
enzymes are endorsed as indicators of quality of the sperm (Sirat et al., 1996; 
Tvrda et al., 2013; Tejaswi et al., 2016). Vitality assessment is also one of the 
major part of analysis of sperm.  This is an extremely important method of 
distinguishing the dead from the living sperm (Björndahl et al., 2004). Currently, 
there are numerous available techniques for staining and evaluating quality of 
sperm in different animal species (Suttiyotin and Thwaites, 1992; Łącka et al., 
2016; Gerzilov and Andreeva, 2021).  

The aim of our research is to study the percentage changes of viable sperm 
and the enzymatic activity of LDH, ALP, GOT / AST, GPT / ALT in the sperm 
plasma of Lacaune rams, before freezing and after thawing. 

 

Material and Methods 
 
Animals and sperm production 

 
The experiment included five clinically healthy rams, aged 3-4 years of the 

Lacaune breed, during the insemination campaign. Two sperm samples were 
obtained from each ram, given that the interval between ejaculations was 1-5 
minutes. All ejaculates were diluted 1:12 with a 6AG sperm extender, prepared by 
us and containing sodium citrate, lactose, sucrose, egg yolk and glycerin. Semen 
from rams were collected using the method of artificial vagina, by an experienced 
operator. All of the obtained ejaculates underwent a preliminary macroscopic 
evaluation and those that did not meet the criteria were discarded. After that, 
vitality and enzyme activity were examined. 
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Analysis 
 
Sperm viability was determined with a solution containing the dyes eosin 

and nigrosine. To 1 mL of the staining solution 30 μl of diluted semen was added 
using a micropipette. The mixture was incubated for 10-15 minutes at 37 ° C. The 
total of 10 µl of the prepared mix was smeared on glass while allowing to dry at 
room temperature. Microscopic analysis was performed on a Boeco BM-180 
binocular microscope, 100X magnification, oil immersion. 100 spermatozoa were 
counted from each smear. The smears were made before freezing and after thawing 
the ejaculate. 

Sperm freezing was carried out in semen straws according to the method of 
Cassou (1964). All samples were thawed after one week. Thawing process was 
carried out in water bath at 37°C for 30 seconds. 

 
Biochemical analysis 

 
In an Eppendorf tube with a capacity of 1 ml, the ejaculates (diluted 1:12) 

were centrifuged at 3500 rpm for 15 minutes. The sperm plasma obtained from 
each  Eppendorf  was gently aspirated into sterile tubes with a micropipette and the 
enzymatic activity was determined. The activity of enzymes  was determined 
spectrophotometrically with a set of reagents from Via Campania - Italy, according 
to the manufacturer's protocol. The enzymes LDH, GOT / AST and GPT / ALT  
were determined at a wavelength of 340 nm, and ALP of 405 nm. The activity was 
determined before freezing and after thawing the ejaculate. The data obtained are 
presented in U / L. 

 
Statistical analysis 

 
Data sets were analyzed using SPSS 23 to compare characteristics of the 

sperm using a Paired T-test. Differences between groups were assessed for 
significance by Student's t-criteria, and results were considered statistically 
significant at P < 0.05.  

 

Results and Discussion 
 
Freezing-thawing processes can cause irreversible damage to ram semen. 

Some authors reported that about 40-60% of sperm retain their motility after 
cryopreservation, but only about 20-30% retain biological function (Medeiros et 
al., 2002). In our study, the viability of sperm decreased by nearly 15% after 
cryopreservation (Fig. 1). Our results are in line with the 12% obtained for the 
same breed by Andreeva and Stefanov (2020a). Salmon and Maxwell (1995) also 
reported reduction in sperm viability after freezing-thawing. 
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Figure 1. Sperm viability before freezing and after thawing  (Mean ± SD, Significant differences 
*** P ≤0.001) 
 

An important role in capacitance and fertilization has enzyme LDH (Duan 
and Goldberg, 2003). The activity we observed before freezing was lower than 
reported by some authors (Zakrzewska et al.,2002; Tejaswi et al., 2016), but 
significantly higher than that found by others (Asadpour, 2012; Andreeva and 
Stefanov, 2020b). After thawing of the ejaculates, the activity of the LDH enzyme 
in the sperm plasma decreased (P≤0.001) (Table 1). Tejaswi et al. (2016) obtained 
results different from ours. They reported an increase in enzyme activity after 24-
hour refrigeration, explaining the result with damage to the membrane of the sperm 
and subsequent leaking of enzymes into the extracellular fluid due to cold shock. 
Our results are in line with those of Fatihah et al. (2015) who also observed 
decreased enzymatic activity after cryopreservation. According to Brooks (2001), 
one of the main reasons for low fertility when using frozen-thawed ram sperm is 
the loss of LDH activity in most sperm after cryopreservation. An intracellular 
enzyme that regulates protein phosphorylation through the cAMP-dependent 
protein kinase pathway, which is required for sperm motility, is ALP. Ciereszko et 
al. (1992) reported a high correlation between ALP enzyme activity and sperm 
quality when sperm were under the stress. In our studies, its activity after 
cryopreservation decreased (Table 1). The leakage of ALP in the sperm plasma 
from the sperm can be used as a indicator to optimize the cooling and freezing 
steps during thawing for cryopreservation of ram semen (Upreti et al. 1996). 
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Table 1. Enzyme activity before freezing and after thawing 
Parameters Before freezing After thawing 

LDH, U/L 253.00 ± 73.97 178.88 ± 20.25*** 

ALP, U/L 731.13 ± 128.24 703.13 ± 164.16 

GOT/AST, U/L 5.16 ± 2.03 2.25 ± 1.04** 

GPT/ALT, U/L 46.13 ± 17.9 3.13 ± 1.55*** 

Note: Results are presented as Mean ± SD, Significant differences ** P ≤ 0.01; *** P ≤ 0.001 
 

Transaminases (ALT-AST) are also intracellular enzymes used as a marker 
in sperm membrane damage. Leakage of these enzymes into sperm plasma is a sign 
of damage to sperm membranes (Tuli and Singh, 1982; Katila, 2001; Alamaary et 
al., 2020 ). In our studies, the activity of both enzymes after thawing decreased, 
and cryopreservation showed a significant depletion in ALT (P ≤ 0.001) (Table 1). 
Most likely the process of cryopreservation led to inhibition of the enzyme and 
from there to the reporting of lower results. The values obtained for the 
extracellular activity of the enzyme are close to those reported by Tejaswi et al 
(2016), who studied the activity of the enzyme in fresh samples and samples 
refrigerated at 4° C. Rastegarnia et al. (2010) obtained a different correlation than 
ours in studies conducted with buffalos. They report an increase in the enzyme 
activity of AST and ALT after cryopreservation. In our studies, the activity of 
enzymes in sperm plasma decreased, which is an indicator of good 
cryopreservation of samples and preservation of sperm fertility. 

 
Conclusion 
 
Cryopreservation reduces sperm viability, along with the activity of the enzymes 
LDH, ALP, GOT / AST and GPT / ALT. The studied enzymes can be used as 
indicators to optimize the protocols for cryopreservation of ram’s sperm. 
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Analiza vitalnosti i biohemijski parametri seminalne plazme 
ovnova prilikom zamrzavanja i odmrzavanja 

 
Bogdan Cekić, Hristiyana Kanzova, Georgi Petrov, Nevena Maksimović, Ivan 
Ćosić, Aleksandar Milovanović 

 

Rezime  
 
Istraživanje je imalo za cilj ispitivanje promena u procentu vijabilnih 
spermatozoida i promena u aktivnosti enzima LDH, ALP, GOT / AST, GPT / ALT 
u seminalnoj plazmi ovnova rase Lakon, pre i nakon krioprezervacije. Za tu svrhu, 
ispitivana je sperma pet ovnova, sa dva ejakulata po ovnu. Ejakulati su dobijeni 
metodom veštačke vagine, u toku sezone parenja. Svi ejakulati su razređeni 
razređivačem 6AG i zamrznuti po metodi Cassou sequin. Vijabilnost 
spermatozoida je određena na osnovu razmaza sa eozinom i nigrozinom, a 
aktivnost enzima je određena spektrofotometrijski. Rezultati istraživanja pokazuju 
da je udeo vitalnih spermatozoida nakon krioprezervacije smanjen za 15%  (P ≤ 
0.001). Procesi zamrzavanja i odmrzavanja takođe smanjuju i aktivnost enzima 
LDH, ALP, GOT/ AST i GPT / ALP. Ispitivani enzimi, združeno sa vitalnošću 
spermatozoida, mogu da se koriste kao markeri za optimizaciju stope hlađenja i 
koraka u procesima zamrzavanja i odmrzavanja sperme ovnova.  
  
Ključne reči: ovan, sperma, krioprezervacija, biohemijski parametri, vitalnost 
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