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Abstract 

To investigate the impact of antioxidant potential on several seminal parameters of Magra ram semen 

during chilled storage at 4 °C, ethanolic extract of Tinospora cordifolia (Giloy) was added at 

concentrations of 100 µg/ml, 300 µg/ml, 500 µg/ml, and 700 µg/ml to ovine semen extender. Tris egg 

yolk citrate fructose extender (TEYCF), which is aided with various quantities of T. cordifolia extract, 

served as the basic extender. Findings showed that, mean values for percentage of individual sperm 

motility and live sperm percentage were significantly (p<0.05) higher in all treatment groups as 

compared to control at 24, 48, 72 and 96 hrs of storage. At 48, 72 and 96 hrs, the mean values of hypo-

osmotic swelling test positive spermatozoa percentage were noted significantly (p<0.05) higher in all 

treatment groups as compared to control. It was concluded that the quality of liquid semen stored at 4 

°C was enhanced by the addition of T. cordifolia extract at varying quantities in semen extender. This 

enhancement may have been caused by T. cordifolia's antioxidative properties. Maximum effects were 

obtained with 300 µg/ml of T. cordifolia extract concentration. 

 
Keywords: Tinospora cordifolia, ram semen, individual sperm motility, live sperm percentage, HOST, 

antioxidant 

 

1. Introduction 

Sheep (Ovis aries) is an economically important livestock species which contributes 

significantly to the Indian agricultural economy. In arid harsh environment where crop and 

dairy farming is not economical, sheep are reared for their multi productive potential of meat, 

wool, milk, manure and skin (Pampori et al., 2018) [55]. The total number of sheep in India is 

74.26 million enhanced by 14.13 percent over previous census (20th Livestock Census, 

2019). Management of reproductive efficiency is key factor for improving farmer’s income 

and also to maintain and propagate superior germplasm of this pure breed. In reproductive 

assisted techniques, Artificial insemination (AI) is one of the efficient tool to fasten the 

genetic improvement. Quality of semen is the main factor that contributes more in male 

fertility in sheep. Fresh ram semen is widely used for cervical artificial insemination in sheep 

around the world (Evans and Maxwell, 1987) [19]. For assessing the semen quality and 

fertility, physical characteristic of semen like motility, percentage of live spermatozoa etc. 

are mostly examined (Pal, 1957; Kumar, 2014; Allai et al., 2018) [54, 31, 4]. HOST is 

principally done for assessing the membrane-stabilizing action of antioxidants (Sariozkan et 

al., 2015) [67]. The success of the AI technique depends on various factors where semen 

preservation is the most critical one. Time period of insemination (with in 10 hrs of 

collection) is also important. Liquid stored semen is convenient, economic and offers 

satisfactory results compared to frozen semen (Lopez-Saez et al., 2000) [24] mostly used over 

cryopreserved semen. However, during longer storage period, the quality of semen is 

adversely affected resulting in the reduction of sperm fertilizing capacity accordingly with 

chilling preservation time (Alam et al., 2005; Kasimanickam et al., 2007; Munsi et al., 2007) 
[3, 28, 49].  
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Ovine spermatozoon is more sensitive to oxidative damage 

compared to other species (Coyan et al., 2012) [12]. As sperm 

membranes are vulnerable to free radical-induced damage 

because of a low concentration of antioxidant enzymes 

(Sawyer et al., 2001; Maneesh and Jayalekshmi, 2006) [68, 

38], an increase in reactive oxygen species (ROS) leads to 

lipid peroxidation of polyunsaturated fatty acid present 

(PUFA) in spermatozoa membrane (Fujii et al., 2003) [20]. 

Perusal of literature revealed that antioxidants inclusion in 

semen dilutor may be useful to reduce the impact of 

oxidative stress and protecting sperm during liquid storage 

(Michael et al., 2007; Dai et al., 2018) [45, 14]. 

Spermatogenesis in testicles is an amazingly replicate to 

produce sperms at a high rate. This high pace of cell 

multiplication is coupled with higher creation of free 

radicals due to increased mitochondrial oxygen utilization 

by germinal epithelium (Aitken and Roman, 2008) [2]. 

According to Bucak and Tekin (2007) [10], the storage of ram 

spermatozoa under refrigeration produces a significant 

amount of ROS that impairs sperm function and reduces 

fertility. Low-grade quality semen contributes to more 

than 80 percent of fertilization and embryogenesis failure, 

miscarriage and infertility in livestock (Gadea and Matas, 

2000; Rabbani et al., 2010; Enciso et al., 2011) [21, 59, 18] and 

this can be enhanced by adding antioxidants to 

semen diluents (Perumal et al., 2011) [56] or offering 

antioxidants to the animals (Ziegler and Filer, 1996) [83]. 

Natural plant extracts and their derivatives have recently 

been proven to be useful antioxidants that may be applied 

widely in semen extenders. The most potent components 

that give plants their antioxidative qualities include 

flavonoids, terpenes, phenolic compounds, and hydrolysable 

tannins (Gupta and Sharma, 2006; Ogunlesi et al., 2009; 

Carlsen et al., 2010) [23, 52, 11]. 

Giloy or Guduchi (T. cordifolia) is considered as the herbal 

constituent of “soma” or “heavenly nectar” (food for 

immortals, cited in Rigveda) (Mishra and Kaur, 2013; 

Leonti and Casu, 2014) [46, 32]. Because of its more than 100 

compounds, Giloy is also known as the Rasayan plant. 

These constituents provide Giloy its anti-inflammatory, 

liver-protective, antioxidant, antibacterial, and 

immunomodulatory qualities. The therapeutic benefits of 

this herb are recognized in Ayurveda, veterinary folk 

medicine and other therapeutic traditions (Krishna et al., 

2009) [29]. T. cordifolia has a wide spectrum of antioxidant 

qualities and reduces ROS (Desai et al., 2002) [15]. 

Arabinogalactan polysaccharide and polyphenolic 

compound (epicatechin) are the reason behind the 

antioxidant property of this plant (Subramanian et al., 2002; 

Pushp et al., 2013) [74, 58].  

According to Rawal et al. (2004) [62], T. cordifolia has 

antioxidative actions and minimizes the consequences of 

oxidative stress-mediated cellular damage. After analyzing 

the hydro-ethanolic extract of T. cordifolia, Kumar et al. 

(2018) [30] reported that the extract's main constituents 

include cordifolide A, tinocordioside, palmatine, quercetin, 

syringing, heptacosanol, β-sitosterol and a variety of assays 

for antioxidative potential reveals extract’s excellent 

antioxidant properties. Ram semen's levels of antioxidant 

enzymes were enhanced by T. cordifolia dietary 

supplementation (Jayaganthan et al., 2013) [26]. Many 

investigations using T. cordifolia as a dietary supplement 

have been conducted, but there is still little information 

available on the impact of T. cordifolia stem (ethanolic 

extract) on the quality of ram semen during refrigeration at 4 

°C. Considering the aforementioned information, the 

primary goal of this investigation was to assess the effects of 

different concentrations on T. cordifolia stem (ethanolic 

extract) on several seminal characteristics. 

 

2. Materials and Methods  

The current study was conducted in February and March of 

2021 at the Indian Council of Agricultural Research's 

Central Sheep & Wool Research Institute, located in the 

Arid Region Camps in Bikaner, Rajasthan, India. Bikaner is 

situated 230 meters above mean sea level at longitude 

73˚18’E and latitude 28˚1’N. The region experiences dry 

weather, with 200 to 300 mm of annual precipitation falling 

in irregular amounts throughout the year. The annual 

temperature ranges from 4 °C to 49 °C for the minimum and 

maximum.  

 

2.1 Chemicals  

All the chemicals used in this study were procured from 

Sigma Aldrich (St. Louis, MO, USA), unless otherwise 

indicated. 

 

2.2 Animals, semen collection and preliminary 

evaluation  

Healthy breeding Magra rams (n = 8), averaging 1.5-3 years 

old, weighing 38±5 kg, and with a strong libido were 

utilized as artificial vagina technique semen donors. 

According to the guidelines issued by the Indian Council of 

Agricultural Research (ICAR, 2013), rams were allowed to 

graze in free-land pasture for a minimum of seven hours 

each day and were fed dry roughage and concentrate in the 

form of pellets. For three weeks in a row, two ejaculations a 

week, or a total of 48 ejaculates, were collected from semen 

donor rams. Shortly following collection, the semen 

collection cups were marked and placed in a water bath set 

at 37°C and examined for color, consistency, volume, pH, 

mass activity, spermatozoa abnormality and viability (the 

percentage of living sperm). After meeting the established 

requirements (mass motility >3+; individual sperm motility 

>70%; concentration >2.5 × 109 spermatozoa/ml and total 

abnormalities <10%), the semen samples were subjected 

to further evaluation (Gil et al., 2004) [22]. 

 

2.3 Preparation of extract of T. cordifolia (ethanolic) and 

extender  

T. cordifolia stem was bought from a local herbal medicine 

supplier, and a botanical specialist verified its identity. After 

washing, the stem was dried for four days at 40 °C in a 

moisture extraction oven. After that, the dried stem was 

ground into a rough powder. The Soxhlet apparatus 

(continuous hot extraction) method, as outlined by Redfern 

et al. (2014) [63], was used to extract ethanol from the dried 

powder of T. cordifolia stem. In current investigation, 

TEYCF (Tris 3.63 g, egg yolk 14% (v/v), citric acid 1.99 g, 

fructose 0.5 g, 100,000 i.u. penicillin, 100 mg streptomycin 

and distilled water up to 100 ml) was prepared and used for 

all the ejaculates (Salamon and Maxwell, 2000) [65]. 

Additionally, various experimental doses of T. cordifolia 

extract (ethanolic) were added to the extender. 

 

2.4 Semen processing and cooling  

All of the fresh semen ejaculates were combined to lessen 

individual variance. The pooled semen sample was divided 
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into five identical fractions and placed into five separate test 

tubes that had been cleaned and sterilized. Pre-warmed (37 

°C) extender was added to extend these fractions (1:10). The 

first fraction was used as a control and was extended using 

TEYCF extender devoid of any antioxidants. Extended 

semen was added in the second, third, fourth, and fifth 

aliquots with T. cordifolia extract at a rate of 100, 300, 500, 

and 700 µg per ml, respectively. At a rate of 0.2–0.3°C/min, 

these extended semen samples were cooled from 37°C to 

4°C, and they were kept there for the whole 96 hours of 

liquid storage. The time was recorded as 0 hours when the 

extended semen samples' temperature reached 4°C. Using 

established protocols, the microscopic characteristics of 

semen (such as the percentage of sperm motility, 

viability and plasma membrane integrity) were evaluated. 

 

2.5 Semen evaluation 

2.5.1 Sperm motility percentage 

Sperm motility was assessed subjectively in five distinct 

microscopic fields for all extended samples using a 

Dewinter Binocular Microscope (Italy) at 40X 

magnification. The samples were placed on a glass slide that 

had been pre-warmed to 37°C and covered with a pre-

warmed cover slip. The average of these various 

microscopic fields was expressed as a percentage of 

progressive motile spermatozoa (Gil et al., 2003) [22]. The 

temperature of the preserved semen samples was adjusted to 

37°C in a water bath for five minutes prior to monitoring 

progressive motility. 

 

2.5.2 Sperm viability percentage 

The eosin–nigrosin staining method was used to assess 

sperm viability (the percentage of living sperm) (Swanson & 

Bearden, 1951) [75]. Eosin (1 gm) and nigrosin (5 gm) were 

combined with 100 ml of buffer solution (2.94% sodium 

citrate dihydrate solution in double glass distilled water) to 

make the stain. After 30 minutes of heating in a water bath 

at 37°C, the mixture was cooled and filtered using 

Whatman's filter paper No. 40 before being kept at room 

temperature for later use. To prepare the slide, a small drop 

(30 µl) of semen was placed on a grease-free, clean slide, 

and the same amount of eosin–nigrosin dye was added, 

thoroughly mixed with a blunt end fine glass rod. After a 

minute, the mixture was thinly smeared onto a glass slide, 

allowed to air dry, and 300 spermatozoa were counted at 

40X and 100X magnifications, respectively, to determine 

the viability of the sperm. The appearance of total stain 

exclusion was used to assess the vitality of spermatozoa 

(Evans & Maxwell, 1987) [19]. 

 

2.5.3 Plasma membrane integrity 

The hypo-osmotic swelling test (HOST) was used to 

evaluate the functional integrity of the sperm plasma 

membrane (Jayendran et al., 1984). In summary, 0.1 ml of 

semen was combined with 1.0 ml of a 150 mOsm/l hypo-

osmotic solution (1.351 g fructose + 0.735 g sodium citrate 

dehydrate / 100 ml of distilled water) for the experiment, 

which was then incubated for 60 minutes at 37°C in a water 

bath. Better visibility was achieved by adding 0.2 ml of 

eosin solution (0.5% w/v in sodium citrate 2.9% +10% 

formalin) to the test tube after incubation. Under a 40X 

microscope magnification, the wet preparation was 

inspected by placing a drop of a well-mixed semen sample 

on a glass slide and covering it with a cover slip. 

Spermatozoa with inflated and coiled tails were counted as 

HOS positive and a total of 200 spermatozoa were evaluated 

in five distinct fields (Mosaferi et al., 2005) [47]. 

 

2.6 Statistical Analysis 

Statistical analysis of the study's data was conducted using 

SPSS version-20 and the one-way analysis of variance test 

(ANOVA) (Snedecor and Cochran, 2004) [72]. 

 

3. Results 

3.1 Individual sperm motility percentage 

In the present experiment, the mean values of individual 

sperm motility percentages in ram semen at different hours 

of preservation in different treatment groups are presented in 

table 1. At 0 hr no significant difference was found for the 

mean values of individual sperm motility percentages 

among the all groups. After 24 hrs of preservation the 

individual sperm motility percentage was significantly 

(p<0.05) higher in all the treatment groups as compared to 

control. The mean individual sperm motility percentage was 

significantly (p<0.05) higher in all the treatment groups as 

compared to control and treatment group after 48 hrs and 72 

hrs. Statistical analysis revealed no significant difference 

between TC100 and TC300 as well as TC100 and TC500 

groups. At 96 hrs, the mean individual sperm motility 

percentage didn’t differ significantly between TC100 and 

TC300 as well as TC100 and TC500 groups.  

 
Table 1: Mean (±S.E) individual sperm motility (percentage) in different groups during different hrs of preservation at refrigeration 

temperature (4 °C) 
 

Duration of Preservation 
Groups 

Control TC100 TC300 TC500 TC700 

0 Hr 74.67±1.26 76.67±1.26 77.67±1.61 77.34±1.50 76.00±1.77 

24 Hr 60.67±1.38a 69.50±1.29b 71.34±1.52b 68.84±1.82b 67.5±1.95b 

48 Hr 47.34±1.54a 59.34±1.50cd 63.67±1.33d 57.67±2.49bc 52.84±1.78b 

72 Hr 35.17±1.01a 50.17±1.45cd 53.67±1.17d 48.67±2.50c 41.67±1.54b 

96 Hr 23.67±1.28a 40.17±1.14cd 42.17±1.08d 37.34±1.78c 31.34±1.71b 

Means having different superscript in a row differ significantly (p<0.05) 
 

3.2 Live sperm percentage 

In the present study, the mean values of live sperm 

percentage in ram semen at different hours of preservation 

are furnished in table 2. At 0 hour, the mean live sperm 

percentage didn’t differ significantly among all the groups. 

At 24 hrs, the mean live sperm percentage was significantly 

(p<0.05) higher in all the treatment groups compared to 

control but didn’t differ significantly among the treatment 

groups. Afterv48 hrs, the mean live sperm percentage was 

significantly (p<0.05) higher in all the treatment groups as 

compared to control. At 72 hrs and 96 hrs the mean live 

sperm percentage was differed significantly (p<0.05) among 
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all groups. Statistical analysis revealed no significant 

difference between TC100 and TC500 groups after 96 hrs 

preservation. Values for mean individual sperm motility was 

highest in TC300 group as compared to rest of groups after 

48 and 72 hrs of preservation at 4 °C. 

 
Table 2: Mean (±S.E) Live sperm (percentage) in different groups during different hrs of preservation at refrigeration temperature (4 °C) 

 

Duration of Preservation 
Groups 

Control TC100 TC300 TC500 TC700 

0 Hr 78.5±2.20 81±1.79 82.67±1.38 81.17±1.36 79.92±1.43 

24 Hr 65.84±2.18a 77.17±2.32b 77.00±1.63 b 74.57±2.00 b 71.93±1.73b 

48 Hr 57.84±1.49a 67.84±0.95c 72.34±0.67d 65.17±2.21bc 63.09±1.67b 

72 Hr 42.34±1.12a 54.84±1.58c 61.34±0.72d 56.25±1.93c 50.44±0.66b 

96 Hr 33.17±1.25a 46.34±1.65cd 49.84±0.95d 44.69±1.69c 40.22±1.08b 

Means having different superscript in a row differ significantly (p<0.05) 

 

3.3 Hypo-osmotic Swelling (HOS) Test 

In the present study, the mean values of percentage HOS-

test positive sperm in ram semen at different hours of 

preservation are presented in table 3. No significant 

difference was observed among all the groups at 0 and 24 

hrs of preservation at 4 °C for the values of mean HOST 

positive spermatozoa percentage. At 48 hrs, the mean HOST 

positive spermatozoa percentage was significantly (p<0.05) 

higher in all the treatment groups as compared to control. 

The highest values of the mean HOST positive spermatozoa 

percentage found in TC300 treatment group which 

significantly (p<0.05) differ from control and TC700 

treatment groups. The mean HOST positive spermatozoa 

percentage was significantly (p<0.05) higher in all the 

treatment groups as compared to control at 72 and 96 hrs of 

preservation at 4 °C. No significant difference was revealed 

among TC100, TC300 and TC500 treatment groups. 

 
Table 3: Mean (±S.E) HOST positive sperm (percentage) in different groups during different hrs of preservation at refrigeration temperature 

(4 °C) 
 

Duration of Preservation 
Groups 

Control TC100 TC300 TC500 TC700 

0 Hr 66.63±1.66 69.93±2.11 70.85±2.45 68.54±2.43 67.00±2.24 

24 Hr 57.84±1.38 62.98±2.55 64.89±2.19 62.47±2.38 60.97±3.08 

48 Hr 47.07±1.07a 57.43±2.04bc 60.95±1.74c 57.64±1.63bc 53.03±2.31b 

72 Hr 37.17±1.31a 51.41±2.08c 55.33±1.46c 50.87±1.82c 45.29±1.27b 

96 Hr 27.87±1.37a 42.52±1.94c 46.08±1.37c 42.29±1.94c 35.57±1.11b 

Means having different superscript in a row differ significantly (p<0.05) 
 

4. Discussion 
The cellular constituents of semen produced reactive oxygen 

species (ROS) that led to oxidative damage to sperm during 

liquid storage. One potential primary reason for the 

reduction in sperm motility and fertility during storage could 

be this; another possibility is the effect of low temperature 

on the instability of sperm membrane structure (Bucak and 

Tekin 2007) [10]. The modification of extenders (Marti et al., 

2003) [39] and the addition of particular components to 

sustain structural integrity of membrane, avoid oxidative 

stress, or maintain spermatozoa motility in rams (Watson 

and Anderson, 1983; Maxwell and Stojanov, 1996; Upreti et 

al., 1998; Sanchez-partida et al., 1997) [80, 41, 76, 66] have been 

the recent focus of efforts to improve the preservation of 

cooled ram semen quality over the storage period. To reduce 

the harm that cooling and freezing-thawing can cause to ram 

spermatozoa, a variety of antioxidants and additions have 

been tried (Spalekova et al., 2011; Rather et al., 2016) [73, 61]. 

Positive effects of T. cordifolia on semen production as well 

as quality profiles were documented by several authors 

(Prashant et al., 2023; Jayaganthan et al., 2013; Rawal et al., 

2004; Sharma et al., 2011) [57, 26, 62, 70]. But this was the first 

study on supplementing T. cordifolia stem extract at 

refrigeration temperature (4 °C) as a semen additive for 

Magra ram semen perseveration. With the exception of one 

study done on bovine species by Prashant et al. (2023) [57], 

almost no research has been done on the supplementation of 

T. cordifolia stem extract in semen extender on the seminal 

parameters in livestock species. Consequently, it was not 

possible to evaluate the data or compare it with the use of T. 

cordifolia stem ethanolic extract in ram semen extender. 

The results of mean individual sperm motility percentage 

were found significantly (p<0.05) higher in all treatment 

groups as compared to control during 24, 48, 72 and 96 

hours of preservation at refrigerator temperature (4°C) in 

this study. Similar results were also recorded by Mahdi 

(2010) [36] in Awassi rams after addition of licorice 

(Glycyrrhiza glabra L.) extract into semen diluters and Allai 

et al. (2016) [5] in Boujaad rams after addition of Opuntia 

ficus-indica cladodes extract (@ 1 per cent) into semen 

diluters. El-Harairy et al. (2018) [17] also observed similar 

findings after supplementation of Propolis ethanolic extract 

(@ 0.5 and 1.0 mg/ml) in Rahmani ram semen extender for 

48 hrs. In contrast to results of the present study, El-Harairy 

et al. (2016) [16] observed that supplementation of Moringa 

oleifera leaves or Arctium lappa roots aqueous extracts had 

non-significant (@ 1000 µg MOL, 100 and 1000 µg ALR) 

or poorer effect (@ 100, 500 µg MOL and 500 µg ALR) on 

progressive motility in Rahmani rams. Similarly, Habeeb et 

al. (2020) [24] observed that the higher levels (0.1 and 0.05 

gm) of Lycopene powder decrease the individual motility 

(0%) in diluted chilled ram semen.  

The results of mean live sperm percentage was significantly 

(P<0.05) higher in all treatment groups as compared to 

control during 24, 48, 72 and 96 hours of preservation at 

refrigerator temperature (4°C) in this study. The present 

findings are in agreement with the observation made by 

Zaenuri et al. (2014) [82] who supplemented Fig fruit (4-7% 
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crude extract) to the semen extender in Boer cross buck 

preserved at 5°C for 6 day. The findings are in agreement 

with previous report that live sperm percentage improved 

after addition of argan oil from Argania spinosa seed (1%) 

in Tris diluter preserved upto 48 hrs (Allai et al., 2015) [6] 

whereas similar findings were also observed by Allai et al. 

(2016) [5] after supplementation of Opuntia ficus indica 

cladodes extract (1%) into semen extender stored upto 72 

hrs in Boujaad rams. In contrast to results of the present 

study, El-Harairy et al. (2018) [17] observed no significant 

difference in live sperm percentage after incorporation of 

Propolis ethanolic extract to the ram extenders. Contrary to 

the present study, Sharawy et al. (2015) [69] didn’t find any 

effect on percentage of live spermatozoa after addition of 

ascorbic acid and trehalose as antioxidant to chilled ram 

semen. It is commonly recognized that adding antioxidant 

supplements increases the viability and motility of 

cryopreserved or liquid-stored ram spermatozoa (Maxwell 

and Stojanov, 1996; Sanchez-Partida et al., 1997) [41, 66]. 

Ethanolic extract of T. cordifolia has excellent antioxidant 

activities because it contains many antioxidant compounds 

like quercetin (Kumar et al., 2018) [30], epicatechin (Pushp et 

al., 2013) [58] and these compounds reduce ROS levels 

(Desai et al., 2002) [15]. Quercetin is a flavonoid that 

neutralizes ROS (Boots et al., 2008). This compound serves 

as a major component in ethanolic extract of T. cordifolia 

(Kumar et al., 2018) [30] and it is previously known that the 

addition of Quercetin improved post-thaw progressive 

motility, membrane integrity of buffalo bull spermatozoa 

(Ahmed et al., 2019) [1]. 

In this study the results of mean percentage of HOST 

positive spermatozoa was significantly (p<0.05) higher in 

treatment groups compared to control after 48 hrs of 

preservation stored at 4 °C. The observations in current 

study are in accordance with the studies of Zaenuri et al. 

(2014) [82] in Boer cross buck (plasma membrane integrity at 

day 6 was significantly higher in crude extract of Fig fruit 

added extender group @ 6 percent), Allai et al. (2015) [6] 

and Allai et al. (2016) [5] in Boujaad rams (addition of argan 

oil from Argania spinosa seed @ 1% in Tris for 24 and 48 

hrs storage and addition of Opuntia ficus-indica cladodes 

extract @ 1% in extenders increase the HOST positive 

spermatozoa from 8 to 72 hrs of storage, respectively). 

Effect of various plant extracts as antioxidant on integrity of 

plasma membrane also studied after cryopreservation of 

extended ram semen and results raveled that various plant 

extracts had significant positive effect at certain 

concentrations on plasma membrane integrity like Clove 

bud extract @ 75 µg/ml (Baghshahi et al., 2014) [8], 

Rosemary aqueous extract @ 4 and 6% (Motlagh et al., 

2014) [48], Green tea extract @ 5 and 10 mg/L (Mehdipour et 

al., 2016) [42], Curcumin @ 1, 2, mM (Omur and Coyan 

2016) [53], Pomegranate extract @ 5 mg/L (Mehdipour et al., 

2017) [43], Thymus vulgaris extract @ 4 and 8 ml/dl (Vahedi 

et al., 2018) [78], Echinacea extract @ 0.5 mg/ml and 1 

mg/ml (Yavas and Yavas, 2018) [81], Fennel extract @ 10 

mg/L (Najafi et al., 2019) [50] and Costmary extract @ 8 and 

12 ml/dl (Vahedi, 2012) [77]. Contradict to present study, El-

Harairy et al. (2016) [16] reported that the supplementation of 

different concentration of Moringa oleifera leaves or 

Arctium lappa roots aqueous extracts did not showed higher 

values of HOST positive percentage compared to control in 

Rahmani ram semen. Similarly, supplementation of Propolis 

ethanolic extract (El-Harairy et al., 2018) [17] and 

Echinacea/Ginger extracts (Merati and Farshad, 2020) [44] to 

the semen extender also didn’t reveal significant effect on 

plasma membrane integrity of ram spermatozoa. 

Polyunsaturated fatty acids rich plasma membrane of ram 

spermatozoa is highly vulnerable to lipid peroxidation due 

to attacks from ROS (Hinkovska et al., 1986) [25]. Because 

of their interaction with lipid bi-layers, which altered the 

characteristics of the membrane, polyphenolic molecules 

may have a protective impact on the plasma membrane of 

spermatozoa (Mandic et al., 2019) [37]. T. cordifolia contains 

polyphenols (epicatechin) and arabinogalactan 

polysaccharide which have antioxidant property (Pushp et 

al., 2013) [58] and these antioxidants minimize ROS levels 

(Desai et al., 2002) [15]. HOST is principally useful when 

assessing the membrane protecting effects of antioxidants 

(Sariozkan et al., 2015) [67]. Flavonoids increase the 

resilience of membranes by limiting damaging agents from 

entering the hydrophobic portion of the cellular membrane 

(Daghigh-Kia et al., 2016) [13]. During cold preservation, T. 

cordifolia's alkaloids like choline (V), tinosporin, 

isocolumbin, palmatine, tetrahydropalmatine (VI), and 

magnoflorine display synergistic antioxidant activity to 

lessen the stress on the spermatozoa that is induced by ROS 

(Ng et al., 2000) [51]. The stem extract of T. cordifolia 

contains significant levels of vitamin C (41.36 mg/g of 

extract) and glutathione (6.86 mg/g of extract), which 

effectively scavenge a broad range of free radicals and 

function as strong inhibitors of lipid peroxidation (Maslova 

& Boboriko, 1990) [40]. The quality of semen is impacted 

dose-dependently by T. cordifolia stem extract (Sharma et 

al., 2011) [70]. According to research by Shoae and Zamiri 

(2008) [71], an overabundance of antioxidant in the extender 

increased plasma membrane fluidity over the desired level, 

increasing the spermatozoa's vulnerability to both plasma 

membrane and acrosomal damage. Additionally, the amount 

of antioxidants given to the extender should be assessed 

because high concentrations of antioxidants may be harmful 

to the sperm due to modifications in the physiological state 

of the extender. The possible alteration in the physiological 

state of the extender are increased diluent viscosity, 

increased debris in the diluent (van Wagtendonk-de Leeuw 

et al., 2000) [79], lower diluent osmotic pressure (Salmani et 

al., 2014) [64], decreased acrosome and plasma membrane 

functional integrity (Atessahin et al., 2008) [7], higher 

antioxidant incorporation does not prevent the creation of 

ROS and consequently increases cryo-damage to the 

spermatozoa (Lv et al., 2019) [35], and excessive antioxidants 

upset the equilibrium between ROS and antioxidants in the 

cells (Rahal et al., 2014) [60]. 

 

5. Conclusion 

In conclusion addition of various concentrations of T. 

cordifolia extract (ethanolic) to tris extender improved 

percentage of individual sperm motility, percentage of live 

spermatozoa and spermsma membrane integrity at different 

hours of preservation at refrigeration temperature (4 °C). 

The 300 µg/ml concentration of T. cordifolia extract was 

found to be better additive than the 100, 500 and 700 µg/ml 

concentration of T. cordifolia extract for liquid storage of 

semen at 4 °C upto 96 hours. 
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