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ABSTRACT 

Semen preservation is an important tool in livestock reproduction, allowing for the widespread use of 

high-quality genetics in artificial insemination programs. However, the process of semen preservation often 

leads to oxidative stress, a major cause of sperm damage, including lipid peroxidation, DNA fragmentation, 

and reduced motility. In response to this challenge, the use of antioxidants has been explored to mitigate oxi-

dative damage in semen. Recently, there has been growing interest in the application of herbal extracts as 

natural antioxidant agents in ram semen preservation. This review explores the potential benefits and mecha-

nisms of action of herbal extracts as antioxidants in ram semen, highlighting their role in improving semen 

quality and fertility. 
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Introduction 

Artificial insemination (AI) can undoubtedly be considered the oldest and most widely used 

assisted reproductive technique (ART) in animal husbandry. The three factors determining the 

widespread application are: a relatively easy to perform technique, economically advantageous and 

with a high success rate at the end of the insemination campaign (Faigl et al., 2012). Fresh or frozen 

semen can be used for AI in small ruminants (Tsakmakidis, 2010). Immediately after receiving the 

ejaculate, it is diluted with a medium that has similar characteristics to sperm – a sperm extender. 

The purpose of dilution with a sperm extender is to protect and preserve the spermatozoa from 

temperature shock after leaving the breeder's body and to keep them alive for as long as possible 

under different temperature regimes (Gundogan et al., 2011). New combinations of saline solutions, 

different carbohydrates and antibiotics are constantly being tried. In the last decade, the use of 

natural ingredients such as non-antibiotic growth stimulants, phytobiotics, which negatively affect 

the growth of pathogenic bacteria, entered medicine and reproduction. The secondary metabolites 

of plants, the micro- and macroelements contained in them, vitamins and provitamins have a high 

antioxidant capacity and can potentiate the action of the body's enzyme systems for the 

neutralization of free radicals, be catalysts in the reaction of pairing free electrons or directly capture 

unpaired electrons. The addition of plant antioxidants reduces the levels of oxidative stress by 

neutralizing free radicals, stabilizes the cell membrane and helps to prolong the survival of 

spermatozoa in an in vitro environment. 

What is oxidative stress? 

Oxidative stress (OS) is defined as an imbalance in the redox state of the cell, caused either 

by too high levels of oxidants, or conversely, by too little amount of antioxidants. When excessive 
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amounts of reactive oxygen species (ROS) are produced or antioxidant activity is reduced, the bal-

ance between oxidation and reduction is disturbed, causing oxidative stress (Kowalczyk, 2022). 

Reactive forms of oxygen are free radicals, particles with one or more unpaired electrons and are 

capable of independent existence (Halliwell and Gutteridge, 2007). Of greatest importance to the 

cell are superoxide anion radical (O2
-), hydrogen peroxide (H2O2) and hydroxyl radical (-OH). Al-

ready at the moment of obtaining the ejaculate through the method of the artificial vagina, the sper-

matozoa are subjected to oxidative stress. Ejaculate storage outside the reproductive system, dilu-

tion, different storage temperature regimes are causes of physical and chemical cell damage (Yo-

shida et al., 2003; Gallardo, 2007). Mammalian spermatozoa contain a high percentage of unsatu-

rated fatty acids in their plasma membrane and are susceptible to the adverse effects of ROS (Anger 

et al., 2003). In comparison to other domestic mammals, ram spermatozoa have a higher proportion 

of unsaturated fatty acids in their cell membranes and a lower content of cholesterol and phospho-

lipids. This composition makes them particularly susceptible to the harmful effects of reactive ox-

ygen species (ROS) (Holt, 200). Because of its composition, the ram sperm membrane is prone to 

lipid peroxidation, which disrupts gamete and acrosome structure and function (Alvarez and Storey, 

1993). Besides structural defects of the cell membrane, oxidative stress reduces sperm motility 

(Aitken, 1984, Maxwell and Watson, 1996). At the same time, spermatozoa contain very low levels 

of enzymatic antioxidants, which are insufficient to protect sperm from high levels of ROS, and the 

cytoplasm contains small concentrations of the enzyme capable of neutralizing them. Imbalance 

between oxidants and antioxidants in sperm leads to metabolic, functional and morphological dis-

orders of gametes and can be the main cause of infertility (Fraczek et Kurpisz, 2007). OS is caused 

by the disruption of the pro-oxidant defense of the cell and the generation of a large amount of 

reactive oxygen species. ROS in turn alters energy metabolism, motility, viability and DNA integ-

rity in sperm (Armstrong et al., 1999, Krzyzosiak et al., 2000, Baumber et al., 2002). Sperm DNA 

integrity can be irreversibly compromised, due to increased susceptibility to OS (Simoes et al., 

2013). In addition, ROS are involved in gamete chromatin condensation, regulating the number of 

reproductive cells by inducing apoptosis or proliferation of spermatogonia (Aitken, 1999). The 

large intracellular amount of ROS can directly induce sperm apoptosis (Kothari et al., 2010). Oxi-

dative stress results from a constant imbalance between the generation of ROS and the ability of 

the intracellular antioxidant system to deactivate them. Mitochondria are the organelles in which 

oxidative processes are controlled, therefore mitochondrial dysfunction or damage induces OS. In-

tramitochondrial or extramitochondrial accumulation of ROS under oxidative stress leads to lipid 

peroxidation and glycoxidation reactions, which ultimately increases the endogenous production of 

reactive aldehydes and their derivatives and is detrimental to the cell (Boutros et Ray, 2023). Sperm 

with abnormal morphology (mainly with cytoplasmic debris indicating their immaturity and re-

duced fertility potential) produce higher amounts of ROS than sperm with normal structure (Gomez 

et al., 1996; Aziz et al., 2004). There is also a difference in the amount of ROS produced by sperm 

at different stages of maturation. ROS themselves and their end products such as superoxide anion 

radical (O2
-), hydrogen peroxide (H2O2) and hydroxyl radical (-OH) are toxic to spermatozoa 

(Agarwal et al., 2003), they provoke the lipid peroxidation reaction, which is considered for one of 

the most important causes of reduced sperm reproductive capacity in mammals (Aitken, 1995). 

Lipid peroxidation is an inevitable process during the manipulations of the seminal fluid – dilution, 
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exposure to light and different temperature regimes. The LP reaction can also be catalyzed by tran-

sition metal ions, most commonly iron(II) cation; Fe2+, iron(III) cation; Fe3+ (Stohs et Bagchi, 

1995). 

 

Figure 1: Factors contributing to oxidative stress-induced male infertility, (Fang et Zhong, 2020) 

Antioxidant protection of sperm 

The main system of antioxidant enzymes in sperm is called the enzyme triad and includes 

superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPX). 

Glutathione peroxidases (GPx1-5) are cytoplasmic enzymes that catalyze the reduction of 

hydrogen peroxide (H2O2) to water (H2O) and oxygen (O2), as well as catalyze the reduction of 

peroxide radicals to alcohols and oxygen using glutathione (GSH) as electron donor (Fanucchi, 

2014). The active molecule contains selenium in the form of selenocysteine. In sperm, GPx1-5 is 

mainly found in the mitochondrial matrix (Peeker et al., 1997), but a nuclear form has also been 

found, which has a protective effect on sperm DNA against OS damage and is actively involved in 

the process of chromatin condensation (Pfeifer et al., 2001). Furthermore, GPX has also been iden-

tified in seminal plasma, indicating that it likely originates from the prostate gland, where it adds 

an additional layer of antioxidant defense during sperm ejaculation and transport. (Yeung et al., 

1998; Walczak-Jedrzejowska et al., 2013; Kowalczyk, 2022). 
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Figure 2: The mechanism of the GPx, (Huang et al., 2017) 

Catalase (CAT) is an iron-containing porphyrin enzyme classified as an oxyreductase. It 

plays a crucial role in converting hydrogen peroxide (H₂O₂) into oxygen (O₂) and water (H₂O), a 

process that avoids the production of harmful free radicals (Shengshui et al., 2008). By facilitating 

this reaction, catalase enhances the cell's resistance to oxidative stress (Harris, 1992). Notably, a 

single molecule of catalase can decompose millions of hydrogen peroxide molecules into water and 

oxygen every second (Goodsell, 2004). This enzyme is frequently employed by cells to efficiently 

and swiftly neutralize hydrogen peroxide into less reactive substances, namely oxygen gas and wa-

ter (Gaetani et al., 1996). 

Superoxide dismutase (SOD) enzymes play a crucial role in redox reactions, where they 

simultaneously oxidize and reduce superoxide radicals (O2−), producing either oxygen (O2) or hy-

drogen peroxide (H2O2) (Badal, 2017). In this dismutation process, a single particle acts as both 

the oxidizing and reducing agent. There are both intra- and extracellular forms of SOD. Intracellu-

larly, two primary forms have been identified: copper-zinc SOD (Cu, ZnSOD or SOD-1), predom-

inantly found in the cytoplasm and utilizing copper and zinc in its active site, and manganese SOD 

(MnSOD or SOD-2), which is located in the mitochondrial matrix and uses manganese. Given that 

mitochondria consume over 90% of cellular oxygen, they are particularly susceptible to oxidative 

stress, and MnSOD is critical for neutralizing reactive oxygen species (ROS) at their source. The 

extracellular form, SOD-3, is found in the extracellular matrix and, like SOD-1, has zinc and copper 

in its active site rather than manganese (Fraczek et Kurpisz, 2005; Galecka et al., 2008). In sperm 

plasma, SOD is highly active, with approximately 75% of the activity attributed to SOD-1 and the 

remaining 25% to SOD-3. Both isoforms are synthesized in the prostate and become activated when 

mixed with sperm during ejaculation (Peeker et al., 1997). All SOD isoforms require a metal co-

factor (Cu, Zn, or Mn) to facilitate their redox activity. 

Non-enzymatic antioxidants 

Non-enzymatic antioxidants are also called synthetic antioxidants (Agarwal et al., 2005). It is 

about some trace elements (Se, Zn, Cu) and vitamins (Vit A; Vit E; Vit C). 
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Selenium (Se) 

Selenium plays a crucial role in normal mammalian spermatogenesis, primarily through two 

key selenoproteins: phospholipid hydroperoxide glutathione peroxidase (PHGPx/GPx4) and sele-

noprotein P. PHGPx/GPx4, the predominant selenoprotein, influences germ cells within the convo-

luted seminiferous tubules of the testes. It has various functions and serves as the main connection 

between selenium levels and sperm quality (Boitani et Puglisi, 2008). A deficiency in selenium 

results in the degeneration of the seminiferous epithelium, decreased testicular size, altered testic-

ular consistency, and disrupted spermatogenesis (Camejo et al., 2011). 

Zinc (Zn) 

Zinc is present in high concentrations in seminal fluid and plays a crucial role in various as-

pects of sperm metabolism. It acts as a key anti-inflammatory agent and is involved in redox reac-

tions to neutralize free radicals (Fallah et al., 2018). Zinc is essential for sperm function, influencing 

lipid interactions and stabilizing the sperm membrane (Chia et al., 2000). Additionally, it plays a 

regulatory role in the acrosome reaction, facilitating the release of acrosin and hyaluronidase, both 

of which are critical for fertilization and implantation (Eggert-Kruse et al., 2002) 

Copper (Cu) 

Copper (Cu) is an essential trace element necessary for the proper development of living or-

ganisms. Due to its redox potential, copper acts as a cofactor for numerous enzymes that facilitate 

key cellular processes (Herman et al., 2020). However, copper is highly reactive, and in its free 

form, it can generate large amounts of free radicals, leading to protein and DNA damage. To prevent 

this, organisms have developed precise mechanisms to regulate copper levels in cells. Copper-de-

pendent enzymes, including ceruloplasmin, superoxide dismutase SOD1 and SOD3, metallothi-

oneins, and cytochrome c oxidase, are involved in all stages of gametogenesis (Ogórek et al., 2017). 

Manganese (Mn) 

Manganese plays a role in the metabolism of carbohydrates, amino acids, and cholesterol, 

with various manganese-dependent enzymes facilitating these processes. Manganese superoxide 

dismutase (MnSOD) is a key antioxidant enzyme located in the mitochondria. It addresses super-

oxide radicals – reactive oxygen species generated during ATP production – by converting them 

into hydrogen peroxide. This hydrogen peroxide can then be further reduced to water by other an-

tioxidant enzymes (Candas and Li, 2014) 

Vitamin A 

Vitamin A is a natural antioxidant that promotes the regeneration of epithelial cells and plays 

a crucial role in regulating spermatogenesis by acting on receptors in the epithelium of the seminif-

erous tubules. It controls the differentiation of germ layer epithelial cells and can even initiate a 

spermatogenic wave on its own (Kim et Akmal, 1996). While it is commonly used as a dietary 

supplement, it also has significant local effects. A deficiency in vitamin A can lead to impaired 

spermatogenesis and decreased sperm motility (Hogarth et Griswold, 2010). 
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Vitamin E 

Vitamin E, when used as a dietary supplement, is crucial for male reproductive performance 

(Zubair, 2017; Tufarelli et Laudadio, 2016). It has been found to enhance sperm quality in both 

birds and mammals, increasing ejaculate volume and sperm motility (Umesiobi, 2012). As a key 

component of antioxidant therapy, vitamin E markedly improves sperm volume, concentration, pro-

duction, and motility, while reducing the number of abnormal and dead sperm (Yousef et al., 2003). 

Vitamin C 

Vitamin C (ascorbic acid) is a water-soluble vitamin that is found in concentrations about ten 

times higher in seminal plasma compared to blood serum (Fraga et al., 1991). As a strong antioxi-

dant, vitamin C enhances spermatogenesis and prevents sperm agglutination by boosting motility 

and guiding sperm movement along the correct path (Geva et al., 1996; Glenville, 2008). It serves 

as a key scavenger of various reactive oxygen species (ROS) and its elevated levels in seminal 

plasma, relative to blood plasma, highlight its significant local effectiveness (Lewis et al., 1997). 

Phytogenic extracts with potential in reproduction 

Plants and fungi exhibit significantly greater metabolic diversity compared to other organ-

isms, with up to 1 million types of metabolites reported in plant species (Dixon et al., 2003; Rai et 

al., 2017; Fang et al., 2019). Each plant species contains more than 5,000 metabolites (Fernie et al., 

2004). While their basic primary metabolism is similar to that of non-plant species, plants and fungi 

have the unique ability to produce a wide array of specialized (or secondary) compounds, which 

make up most of their biologically active metabolites (Alseekh et Fernie, 2018). Various in vitro 

methods are available for both qualitative and quantitative assessment of the antioxidant activity of 

these metabolites (Chaves et al., 2020). The initial step in evaluating the antioxidant activity of a 

plant extract involves selecting the appropriate method (Abramovič et al., 2017). A current trend in 

medicine is to replace synthetic antioxidants with natural ones derived from plant extracts or iso-

lated plant-based products (Rajurkar et Hande, 2011). A major similarity between plant extracts is 

that they all contain polyphenols, unsaturated and saturated fatty acids, saponins, tannins, alkaloids. 

The similarity in their antioxidant composition justifies their similar action. 

Polyphenols (phenols) are secondary plant metabolites and can be divided into three sub-

groups: flavonoids, phenolic acids and lignans. In their chemical composition, they contain one or 

more aromatic rings with one or more hydroxyl groups. Flavonoids are the first subclass of poly-

phenols and mainly include flavones, flavonols, flavanols and other derivatives (Manach et al., 

2004). Phenolic acids are the second subgroup of polyphenols, as the main representative and the 

most active is caffeic acid (Haslam et Cai, 1994), the main active agent in chicory. Lignans are 

phenylalanine-derived polyphenols found in flaxseed and other grains (Saleem et al., 2005). Poly-

phenols act as antioxidants in vitro by scavenging reactive oxygen species and chelating redox-

active transition metal ions. They may also function indirectly as antioxidants by 1) inhibiting re-

dox-sensitive transcription factors; 2) inhibition of "pro-oxidant" enzymes that can easily be oxi-

dized; 3) potentiation of antioxidant enzymes, such as glutathione S-transferases and superoxide 

dismutases (Frei et Higdon, 2003). Tannin compounds are a class of polyphenolic biomolecules 

widely distributed in many plant species. They have a protective role and regulate plant growth 

(Ferrell et Thorington, 2006). 
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Fatty acids are carboxylic acids with an unbranched chain of an even number of carbon at-

oms. They can be saturated and unsaturated fatty acids (Moss et al., 1997). Both groups are major 

components of lipids (up to 70% of their composition) in some species of microalgae (Chen, 2012), 

but in most organisms they do not occur in their own form, but exist as three main classes of esters: 

triglycerides, phospholipids and cholesterol esters. Fatty acids are both important nutritional 

sources of energy for the body and important structural components for the cells within it (Smith, 

1994). Linolenic, palmitic, stearic and oleic fatty acids are the most abundant fatty acids in plants 

(Tvrzicka, 2011). 

Coumarin is an aromatic organic compound. It belongs to the chemical class of benzopyrones 

and is considered a lactone. Lactones are cyclic carboxylic esters of fatty acids. They contribute to 

the aroma of fruits and vegetables (Fahlbusch, 2007). 

Saponins are a subclass of terpenoids, the largest class of plant extracts. They are classified 

as triterpene glycosides, spirostanol glycosides and steroid alkaloid glycosides (Furuya, 1988). The 

amphipathic nature of saponins gives them activity as surfactants with the potential ability to inter-

act with cell membrane components such as cholesterol and phospholipids, making saponins useful 

for the development of cosmetics and drugs (Lorent et al., 2014). Saponins have also been used as 

adjuvants in vaccine development (Sun et al., 2009). In plants, saponins can serve as antioxidant 

agents, scavenging free radicals formed during the life cycle of pathogenic bacteria and fungi (Foer-

ster, 2006). 

Alkaloids are a class of basic, naturally occurring organic compounds that contain at least 

one nitrogen atom. They are produced by a wide variety of organisms: bacteria, fungi, plants and 

animals. Alkaloids have a wide range of pharmacological actions, the most significant of which is 

their antioxidant action, expressed in different directions of bioactivity. Examples are alkaloids with 

antimalarial (eg quinine) properties, antiasthmatic (ephedrine), anticancer (eg homoharringtonine) 

(Kittakoop et al, 2014), analgesic (eg morphine), antibacterial (eg chelerythrine) (Cushnie et al., 

2014). 

Conclusion 

The application of herbal extracts as antioxidant agents in ram semen is a promising area of 

research aimed at enhancing semen quality, viability, and fertility during storage or artificial insem-

ination. Antioxidants are crucial in protecting sperm cells from oxidative stress, which can lead to 

lipid peroxidation, DNA damage, and reduced motility. Various herbal extracts, rich in bioactive 

compounds such as flavonoids, phenolics, and vitamins, have demonstrated antioxidant properties 

and have been explored for their potential to improve semen preservation outcomes. 
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