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Abstract

Sperm cryopreservation is an effective method for the management and preservation of male fertility in
domestic animals. Cryopreservation has been started since a long time and plays a crucial role in semen
preservation. Sperm membrane has high amount of polyunsaturated fatty acids, the changes occuring
during the freezing process causes lipid peroxidation and oxidative stress. Additives are being used to
reduce the stress and improve the semen quality. Our ultimate goal is to increase milk production and the
number of calves in an animal's reproductive life. All the breedable females can be covered for
insemination by increasing the production of semen and improving the quality. This article deals with
different types of additives and studies on some important additives.

Keywords: Antioxidants, cryopreservation, semen additives, spermatozoa

Introduction

Artificial insemination is the 1% generation and easiest method of increasing productivity.
Artificial insemination is an emerging technology in the field of reproduction. It played a
critical role in improving the genetic progress of bovines (Bishist et al., 2020) [, Because of
artificial insemination, the superior quality male germplasm from good bulls is exploited to a
very great extent, and a large number of buffaloes are inseminated with a single ejaculate
(Hussain et al., 2018) 161, It helps to prevent the spreading of venereal diseases. Semen
cryopreservation is an essential technique for the long-term storage of semen. Artificial
insemination is only possible because of semen cryopreservation. However, the role of semen
cryopreservation is minimal in the case of buffalo because of the low keeping quality and poor
freezability of semen (Bishist et al., 2020) Bl In buffalo, artificial insemination has been
practiced for a long time, but the conception rate in buffalo is lower (30%) than in cattle
(Barile, 2012) [, Because of the lipid content variation, a buffalo spermatozoa is very prone to
cryopreservation's deleterious effects. The sperm plasma membrane is very rich in
polyunsaturated fatty acids. So it is very vulnerable to lipid peroxidation. The sperm plasma
membrane is affected due to the freezing-thawing process. Cholesterol to phospholipid ratio is
less in buffalo in comparison to other species which poses a great risk of damage to the plasma
membrane of spermatozoa.

Deleterious effects of cryopreservation

The first time semen cryopreservation was attempted by Lazaro Spallanzani (1776) as he tried
to cryopreserve the spermatozoa by cooling with help of snow (Royere et al., 1996) %, Later,
a turning point came when the cryoprotective properties of glycerol were discovered (Polge et
al., 1949) B4, Since the time of discovery of glycerol, cryopreservation started at commercial
levels. Cryopreservation poses risk of damage to various structures of spermatozoa which can
hamper the functioning of sperm cell. Cryopreservation also causes a reduction in temperature,
osmotic stress, pH fluctuations, ice crystal formation, oxidative stress, cold shock, lipid
scrambling and peroxidation (Hezavehei et al., 2018) 4. During the time of cryopreservation
large ice crystal formation takes place. In the absence of cryoprotective agents, cold shock and
the induction of ice crystal formation can lead to the destruction of organelles in the sperm
cells (Abdel Hafez et al., 2009) [, Cryotolerance is a function of amount of lipid present in the
plasma membrane of spermatozoa. Different species sperm has different level of cryotolerance
due to presence of fatty acid profile and omega-3/ omega-6 ratio in spermatozoa in the plamsa
membrane (Esmaeili et al., 2015) 2. Plasma membrane is the most critical part of sperm cell
to be affected by cryopreservation process. During the freezing process, cholesterol efflux
takes place from the sperm plasma membrane which leads to reduction in cholesterol to
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phospholipid ratio. Lipid peroxidation takes place and
reactive oxygen species like hydrogen peroxide, hydroxyl
radical, superoxide radicals, peroxyl, nitroxyl, peroxynitroxyl,
nitrous oxide etc. produce. Out of all the ROS, hydrogen
peroxide and hydroxyl radicals are most harmful to
spermatozoa (Agarwal et al., 2014) . In addition to this,
osmotic and toxic stresses derived from exposure to molar
concentrations  of  cryoprotectants, intracellular  and
extracellular ice crystals affect the sperm to a great extent
(Medeiros et al., 2002) ] Reactive oxygen species are
necessary for various processes like capacitaion, acrosomal
reaction and hyperactivation. But when the amount of ROS
overboards the amount of natural antioxidants present in
seminal plasma, it leads to oxidative stress posing damages to
various organelles of spermatozoa like reorganization of
phospholipids, disruption of disulphide bonds between
proteins, DNA damage, protein damage, mitochondrial
damage. All these factors reduce the sperm vaibility and
fertility. Oxidative stress also affects the embryo quality and
blastocyst formation rate (De Castro et al., 2016) [l
Interestingly, it has been observed that the ultrastructural
integrity can be reduced by rapid freezing and preserved the
integrity of sperm heads and plasma membrane compared
with slow freezing (Serafini et al., 1986) ¢l Now days,
semen additives are also being studied to see the effect on
cryopreservation process.

Semen additives

Semen additives are the substances which are added at the
processing time and help in improvement of semen quality by
reducing the oxidative stress either by quenching the ROS or
maintaining the plasma membrane stability. There are various
kinds of additives: antioxidants, antioxidant preservatives,
amino acids, methylxanthines, sugar/plysaccharides, trace
elements and plant extracts.

Table 1: Classification of antioxidants

Classes Examples
Vitamin-E, Ascorbic acid, Superoxide
desmutase (SOD) and Glutathione
peroxidase (GPX), Resveratrol, Mitoquinone
Butylated hydroxy toluene (BHT), Butylated
hydroxy anisole
Pentoxifylline (PTX) and Caffeine
Copper, Zinc, Selenium
Cysteine, Taurine, Hypotaurine
Trehalose, Hyaluronic acid, cholesterol
loaded cyclodextrins

Antioxidants

Antioxidant
Preservatives
Methylxanthine
Trace Elements
Amino acids/Proteins

Sugar/Polysaccharides

Antioxidants and antioxidants preservatives

Antioxidants are the agents, which break the oxidative chain
reaction -eliminating, taking up, or reducing the formation of
ROS (Bansal and Bilaspuri, 2011) BI and thereby reduce the
oxidative stress (Miller et al., 1993; Kumar and Mahmood,
2001) 2% 18 Antioxidants are of two types; enzymatic
antioxidants and non-enzymatic antioxidants. Another
classification is preventive antioxidants (Mitoquinone,
lactoferrin) and scavenging antioxidants (Vitamin E, vitamin
C, superoxide dismutase, catalase, glutathione peroxidase).
Preventing antioxidants are those which prevent the formation
of reactive oxygen species and scavenging atioxidants are
those which quench the already formed ROS.
GSH/glutathione peroxidase mainly acts as scavenging
antioxidants in the epididymis and testes (Mora-Esteves and
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Shin, 2013) 28 and helps in preserving sperm viability and
motility by confering protection on the lipid constituents of
the sperm membrane (Lanzafame et al., 2009) [*°l, Butylated
hydroxytoluene is a perfect example of antioxidant
preservatives. BHT is an organic soluble molecule used to
prevent damage to the sperm plasma membrane and the
phospholipid bilayer (Hammerstedt et al., 1978) [ |t
protects the spermatozoa from cold shock by reduction in
lipid peroxidation and oxidative stress. BHT acts as an
antioxidant as it scavenges the reactive oxygen species,
targeting spermatozoa (Killian et al., 1989) 171, It also acts as
an antiviral and antimicrobial agent.

Methylxanthine

Methylxanthines are phosphodiesterase inhibitors. The cAMP
phosphodiesterase enzyme causes the breakdown of cAMP,
and lower down its concentration. As it inhibits cAMP
phosphodiesterase enzyme, causes a raise in the level of
cAMP and increases the rate of glycolysis. Hence,
spermatozoal motility increased due to production of more
number of ATPs (Hicks et al., 1972) [, Examples of
methylxanthines are caffeine and pentoxiphyllines.

Amino acids

Amino acids have an important role in protection of
spermatozoa against oxidative stress caused by various
changes during cryopreservation process. Various examples
of amino acids which protect the sperm from damages are
cysteine, taurine, hypotaurine. Cysteine is a sulphur
containing amino acid with thiol group. As it is an important
component of nucleic acid present in head of sperm helps in
formation of DNA and also maintains the integrity of the
DNA. This is also a precursor of natural glutathione and
protects the spermatozoa through its indirect effect on ROS
through production of glutathione (Memon et al., 2011) [261,
Taurine is a sulfonic amino acid as it is a derivative of
methane sulphonic acid. Being a non-enzymatic antioxidant,
it decreases the cellular damage caused by the process of
cryopreservation. It acts as a non- permeating cryoprotectant.
Other amino acids like hypotaurine also scavenge reactive
oxygen species and improve semen quality.

Sugars/Polysaccharides

Trehalose is a nonreducing disaccharide sugar. It reduces
intracellular ice crystal formation during cryopreservation
when used in higher concentration (Buyikleblebici et al,
2014) 6, However, when it is used in low concentration it
displays the antioxidative properties and improves by
reducing LPO (Tuncer et al., 2013) B9, It forms specific
interactions with the membrane phospholipids to protect the
membrane from damage and help stabilize the sperm plasma
membrane. It is a membrane stabilizer and also acts as a non-
permeating cryoprotectant. Cyclodextrins are the products of
the degradation of starch with the help of enzymes. They
possess a unique quality to remove cholesterol from the cell
membrane when used alone. However, when cyclodextrins
are loaded with cholesterol, they can introduce cholesterols in
the sperm cell membrane (Lone et al., 2016) [4.
Cyclodextrins has an internal hydrophobic core and outer
hydrophilic core and high affinity to sterols (Navratil et al.,
2003) B4, due to which it can incorporate cholesterol in the
cell membrane (Christian et al., 1997) . A decrease in C: P
ratio can cause cryocapacitation and programmed cell death
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(Martin et al., 2004; Martin et al.,, 2007) @+ Z1 CLC

maintains the C:P ratio

of sperm plasma membrane and
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protects it from cryocapacitation like changes.

Table 2: List of some important semen additives and their effects

Semen Additives MOA Effect References

MDA concentration (18.78+4.5 uM/ml vs 43.68+3.5

uM/ml in control)
_ Best antioxidant Superoxide dismutase 89.514.6_IU/mI plasma vs Zeitoun et al
Vit E (5 IU/ml)- Ram semen s . 32.845.6 IU/ml plasma in control [0
cavenger of ROS . - . (2014)
Glutathione peroxidase content was also higher
137.9+7.4 nM/ml plasma than control 22.1+3.2 nM/ml
plasma

Eidan, 2016

Ascorbic acid (2.5 mM) +
GSH (2 mM) - Holstein bulls

Antioxidants, scavenger of ROS

Increase in sperm motility and viability than control.
MDA concentration decreased.

[11]

Superoxide dismutase and
Reduced glutathione (50

Antioxidant function, scavenger of ROS

Motility 49%
Live sperm 69%
HOST 51%

Murtaza et al.

Acrosomal integrity 70%- in combination SOD+GSH| (2018) [2°]
IU/m+0.5 mM, Bull semen (50 1U/ml+ 0.5mM higher than other treatments and
control.
Motility% (56 vs 47%)
Viability% (61 vs 50%)
. . . . Sperm abnormality% (7 vs 10%) Perumal et al.
Melatonll:u?lZSr:rl'\:le)r-] Hariana [Hydroxyl raglnc(;ilnsi;:rzi)\gjeenng:;,e gieeustrallzes ROS Acrosomal integrity% (75 vs 55%) (2013) 139
HOST% (66 vs 56%)
Melatonin vs control
. . Mitochondria targeted antioxidant, Progressive motility% (45 vs 35%), Live sperm % (54| . .
MltMoqmr;]otr)leng?Otl;ﬂ\l/:) i Lipophillic, enter into mitochondria and | vs 45%) and plasma membrane intact sperm % (51 vs Tl%e;ré 6}38'3]"
urrah buttalo bu prevent the generation of ROS 43%) were higher in comparison to control. ( )
Antioxidant, anticancer, anti-aging, anti- {10 or 50 uM concentration leads to an increase in total
Resveratrol (50 uM) - Goat inflammatory, cardioprotective and motility, progressive motility, membrane and Lvetal.
semen neuroprotective actions, scavenger of acrosome integrity, mitochondrial activity, percentage| (2019) 124
superoxide and peroxynitrite radicals of viable spermatozoa in comparison with control.
Post thaw semen parameters
Butylated hydroxytoluene BHT is a lipid-soluble antioxidant and Livezm(;/iiﬁz \(/7586\?;:/07)4%) Nain et al
(BHT)-0.5-1 mM syntheti(f analogue of vit_amin_ E increases HOST % (71 vs 64%) (2023) [30]
Murrah Buffalo intra-cytoplasmic fluidity Acrosomal integrity%(84 vs 8296)
Higher in BHT in comparison to control.
Pentoxiphylline (PTX) -3.6 ) o Significantly higher sperm motility was ob_served in o
mM "~ | Phosphodiestrase |_n_h|b|tor, Increase CAMP PTX than theophylline an(_i th_egbromlng. Bishist et al.
Buffalo Bull level and motility of spermatozoa All the sperm parameters Were_5|gn|f|cantly higher at | (2020) B
post-thaw stage in PTX.
Cysteine Hydrochloride (1 . High post-thaw motility, MMP, decreased lipid
mM)- Crossbreed Jersey Precursor of natu:al_ glut_zthlone, part of peroxidation, all the sperm kinetic parameters like Perzuonielll %tz?l'
bulls nucleic act VAP, VSL, and ALH got increased ( )
. Capacitated spermatozoa % (18 vs 20, 24 %), Lipid
Taurine (50 mM) and S .
trehalose (100mM)- Karan |non- permeating cryoprotectant, anti-oxidant zperox_ldatlo_n (nmql M.DA/ 10° C?"S) -149vs 151, | Chillar et[;'i\l.
Fries bull semen .61) higher in taurine in c?mlparlson to trehalose and | (2012)
contro
. . Mean AST and ALT activities were 63.24+1.06 U/L
Trehalosz 100 mM- Kankrej Non-permeating cryoprotectant, and 22.97+0.71 UJL, respectively at the post-thaw Thuma3r7
ull semen membrane stabilizer stage (2017) 371
Anandamide (1 uM in Live spermatozoa % (56,55,52,48 vs 48,46,41,35)
20,15,10 and 5 Lipogenic effect, Inhibit O2 consumption and|LAI % (50.49.46,43 vs 44, 43, 38, 31) in 20,15,10 and Lone et al
million/straw) - Murrah | ATP production which preserve energy and 5 million doses respectively. (2020) 20
buffalo acquisition of fertilising potential Capacitated spermatozoa and sperm motility
significantly reduced in 5 million sperm doses.
Progressive motility (82 vs 77%)
Liveability (85 vs 81%)
Cholesterol loaded - ;
cyclodextrin Inserts cholesterol in plasma membrane, ACL%%T:Sggﬁgggs(i \%%%) Izggfﬁ(;t[?ll]'

(1 mg/120 million sperm)-
Buffalo

reduces cryocapacitation

LPO (282 vs 298%)
ROS (105 vs 119%) -CLC vs control
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Conclusion

Sperm cryopreservation is a crucial technique for artificial
insemination of animals. Various additives are being studied
to increase the quality of semen. Combination of additives is
also being tried now a day with good results. Hence, the
stresses caused by cryopreservation can be minimised by
using additives and functional properties of semen can be
improved. Also understanding the molecular modification
caused by additives can also be helpful in optimization of
semen quality.

References

1.

10.

11.

12.

AbdelHafez F, Bedaiwy M, El-Nashar SA, Sabanegh E,
Desai N. Techniques for cryopreservation of individual or
small numbers of human spermatozoa: a systematic
review. Human Reproduction Update. 2009 Mar
1;15(2):153-64.

Agarwal A, Durairajanayagam D, Halabi J, Peng J,
Vazquez-Levin M. Proteomics, oxidative stress and male
infertility. Reproductive biomedicine online. 2014 Jul
1;29(1):32-58.

Bansal AK, Bilaspuri GS. Impacts of oxidative stress and
antioxidants on semen functions. Veterinary medicine
international. 2011 Oct;2011.

Barile VL. Technologies related with the artificial
insemination in buffalo. Journal of Buffalo Science. 2012
Jul 1;1(2).

Bishist R, Raina VS, Bhakat M, Mohanty TK, Lone SA,
Sinha R. Effect of antioxidant additives on freezability of
buffalo spermatozoa. Buffalo Bulletin. 2020 Sep
30;39(3):337-44.

Biyukleblebici S, Tuncer PB, Bucak MN, Eken A,
Sariozkan S, Tasdemir U, et al. Cryopreservation of bull
sperm: Effects of extender supplemented with different
cryoprotectants and antioxidants on sperm motility,
antioxidant capacity and fertility results. Animal
reproduction science. 2014 Nov 30;150(3-4):77-83.
Chhillar S, Singh VK, Kumar R, Atreja SK. Effects of
Taurine or Trehalose supplementation on functional
competence of cryopreserved Karan Fries semen. Animal
reproduction science. 2012 Nov 1;135(1-4):1-7.

Christian AE, Haynes MP, Phillips MC, Rothblat GH.
Use of cyclodextrins for manipulating cellular cholesterol
content. Journal of lipid research. 1997 Nov
1;38(11):2264-72.

De Castro LS, De Assis PM, Siqueira AF, Hamilton TR,
Mendes CM, Losano JD, et al. Sperm oxidative stress is
detrimental to embryo development: a dose-dependent
study model and a new and more sensitive oxidative
status evaluation. Oxidative Medicine and Cellular
Longevity. 2016 Oct;2016.

Effect of cholesterol loaded cyclodextrin (CLC) on lipid
peroxidation and reactive oxygen species levels during
cryopreservation  of  buffalo  (Bubalus  bubalis)
spermatozoa. Asian Pacific Journal of Reproduction.
2016 Nov 1;5(6):476-80.

Eidan SM. Effect on post-cryopreserved semen
characteristics of Holstein bulls of adding combinations
of vitamin C and either catalase or reduced glutathione to
Tris extender. Animal reproduction science. 2016 Apr
1;167:1-7.

Esmaeili V, Shahverdi AH, Moghadasian MH, Alizadeh
AR. Dietary fatty acids affect semen quality: a review.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

~3140 ™

https://www.thepharmajournal.com

Andrology. 2015 May;3(3):450-461.

Hammerstedt RH, Keith AD, Snipes W, Amann RP,
Arruda D, Griel Jr LC. Use of spin labels to evaluate
effects of cold shock and osmolality on sperm. Biology
of reproduction. 1978 May 1;18(4):686-696.

Hezavehei M, Sharafi M, Kouchesfahani HM, Henkel R,
Agarwal A, Esmaeili V, Shahverdi A. Sperm
cryopreservation: A review on current molecular
cryobiology and advanced approaches. Reproductive
biomedicine online. 2018 Sep 1;37(3):327-339.

Hicks JJ, Pedron N, Rosado A. Modifications of human
spermatozoa  glycolysis by  cyclic  adenosine
monophosphate (CAMP), estrogens, and follicular fluid.
Fertility and sterility. 1972 Dec 1;23(12):886-893.
Hussain M, Begum SS, Kalita MK, Ahmed KU, Nath R.
Additives used in semen preservation in animals: A short
review. International Journal of Chemical Studies.
2018;6(5):354-361.

Killian G, Honadel T, McNutt T, Henault M, Wegner C,
Dunlap D. Evaluation of butylated hydroxytoluene as a
cryopreservative added to whole or skim milk diluent for
bull semen. Journal of Dairy Science. 1989 May
1;72(5):1291-1295.

KUMAR H, Mahmood S. The use of fast acting
antioxidants for the reduction of cow placental retention
and subsequent endometritis.

Lanzafame FM, La Vignera S, Vicari E, Calogero AE.
Oxidative stress and medical antioxidant treatment in
male infertility. Reproductive biomedicine online. 2009
Nov 1;19(5):638-659.

Lone SA, Mohanty TK, Bhakat M, Paray AR, Baithalu
RK, Yadav HP, Sinha R. Supplementing extender with
anandamide enhances quality of low sperm doses during
cryopreservation  in  bulls.  Andrologia. 2020
Dec;52(11):e13782.

Lone SA, Prasad JK, Ghosh SK, Das GK, Kumar N,
Balamurugan B, et al. Effect of cholesterol loaded
cyclodextrin (CLC) on lipid peroxidation and reactive
oxygen species levels during cryopreservation of buffalo
(Bubalus bubalis) spermatozoa. Asian Pacific Journal of
Reproduction. 2016 Nov 1;5(6):476-480.

Lv C, Larbi A, Wu G, Hong Q, Quan G. Improving the
quality of cryopreserved goat semen with a commercial
bull extender supplemented with resveratrol. Animal
reproduction science. 2019 Sep 1;208:106127.

Martin G, Cagnon N, Sabido O, Sion B, Grizard G,
Durand P, et al. Kinetics of occurrence of some features
of apoptosis during the cryopreservation process of
bovine spermatozoa. Human reproduction. 2007 Feb
1;22(2):380-388.

Martin G, Sabido O, Durand P, Levy R. Cryopreservation
induces an apoptosis-like mechanism in bull sperm.
Biology of reproduction. 2004 Jul 1;71(1):28-37.
Medeiros CM, Forell F, Oliveira AT, Rodrigues JL.
Current status of sperm cryopreservation: why isn't it
better?. Theriogenology. 2002 Jan 1;57(1):327-344.
Memon AA, Wahid H, Rosnina Y, Gohb YM, Ebrahimi
M, Nadiac FM, et al. Effect of hypotaurine and cysteine
on sperm cytological parameters of cooled and post-thaw
Boer goat semen. Elixir Int. J. 2011 Aug 21;38:4100-
4104,

Miller JK, Brzezinska-Slebodzinska E, Madsen FC.
Oxidative stress, antioxidants, and animal function.


https://www.thepharmajournal.com/

The Pharma Innovation Journal

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Journal of dairy science. 1993 Sep 1;76(9):2812-2823.
Mora-Esteves C, Shin D. Nutrient supplementation:
improving male fertility fourfold. InSeminars in
Reproductive Medicine 2013 Jul (Vol. 31, No. 04, pp.
293-300). Thieme Medical Publishers.

Murtaza A, Ahmad M, Zubair M, Umar S, Mushtaq A,
Gul AH, Khan AU. Comparative effects of addition of
superoxide dismutase and reduced glutathione on
cryopreservation of Sahiwal bull semen. Journal of the
Hellenic Veterinary Medical Society. 2018;69(4):1291-
1296.

Nain D, Mohanty TK, Dewry RK, Bhakat M, Nath S,
Gupta VK, Parray MA. Butylated Hydroxytoluene (BHT)
Improves the Post-Thaw Semen Quality in Low-Dose
Sperm Cryopreservation in Murrah Buffalo Bull.
CryoLetters. 2023 Jan 1;44(1):57-65.

Navratil AM, Bliss SP, Berghorn KA, Haughian JM,
Farmerie TA, Graham JK, et al. Constitutive localization
of the gonadotropin-releasing hormone (GnRH) receptor
to low density membrane microdomains is necessary for
GnRH signaling to ERK. Journal of Biological
Chemistry. 2003 Aug 22;278(34):31593-31602.

Perumal P, Selvaraju S, Selvakumar S, Barik AK,
Mohanty DN, Das S, et al. Effect of pre-freeze addition
of cysteine hydrochloride and reduced glutathione in
semen of crossbred Jersey bulls on sperm parameters and
conception rates. Reproduction in Domestic Animals.
2011 Aug;46(4):636-641.

Perumal P, Vupru K, Rajkhowa C. Effect of addition of
taurine on the liquid storage (5 C) of mithun (Bos
frontalis) semen. Veterinary Medicine International. 2013
Jun 15;2013.

Polge C, Smith AU, Parkes AS. Revival of spermatozoa
after vitrification and dehydration at low temperatures.
Nature. 1949 Oct 15;164(4172):666-.

Royere D, Barthelemy C, Hamamah S, Lansac J.
Cryopreservation of spermatozoa: A 1996 review.
Human Reproduction Update. 1996 Nov 1;2(6):553-539.
Serafini PC, Hauser D, Moyer D, Marrs RP.
Cryopreservation of human spermatozoa: correlations of
ultrastructural sperm head configuration with sperm
motility and ability to penetrate zona-free hamster ova.
Fertility and sterility. 1986 Oct 1,46(4):691-695.

Thumar HK. Comparative Efficacy of Melatonin and
Trehalose Additives on Enzyme Leakage during
Cryopreservation of Kankrej Bull Semen. International
Journal of Agriculture Sciences, ISSN. 2017:0975-3710.
Tiwari S, Dewry RK, Srivastava R, Nath S, Mohanty TK.
Targeted antioxidant delivery modulates mitochondrial
functions, ameliorates oxidative stress and preserve
sperm quality during cryopreservation. Theriogenology.
2022 Feb 1;179:22-31.

Tuncer PB, Tasdemir U, Biiyiikleblebici S, Ozgﬁrtas T,
Coskun E, Erol H, et al. Effects of different doses of
trehalose supplementation in egg yolk extender in
frozen-thawed Angora buck semen. Small Ruminant
Research. 2013 Jul 1;113(2-3):383-389.

Zeitoun MM, Al-Damegh MA. Effect of nonenzymatic
antioxidants on sperm motility and survival relative to
free radicals and antioxidant enzymes of chilled-stored
ram semen. Open Journal of Animal Sciences. 2014 Dec
12;5(01):50.

~3141 7

https://www.thepharmajournal.com



https://www.thepharmajournal.com/

