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ABSTRACT 

The freeze-thaw process results in structural and functional damages caused by over 
accumulation of reactive oxygen species (ROS). Addition of exogenous antioxidants to semen 
extender is of a great importance to overcome the oxidative damage during the freezing protocol. 
Objective: To evaluate the effect of tris-extender supplemented with a different concentrations of 
Lactoferrin on buffalo bull semen preservability. Methods: Different concentrations of lactoferrin 
(2mg/ml, 4mg/ml and 6mg/ml) were added to tubes containing Tris–citrate egg yolk extender with 
20% (v/v) egg yolk and 7% (v/v) glycerol. The control tubes were Tris containing (0 lactoferrin). The 
extended semen was subjected to semen freezing protocol. Semen assessment including motility, 
viability%, abnormality%, intact of sperm membrane (hypo-osmotic swelling test) and acrosome 
status were carried out for both cooled and frozen semen. Results: The post cooling results revealed 
non-significant improvement in sperm membrane integrity (HOST) of all used lactoferrin 
concentrations, especially for TL1 (72.46±0.46) compared to control (56.61±8.93). Other sperm 
parameters were kept as the control. After thawing, sperm motility exhibited improvement (P<0.009) 
for all concentrations of the used lactoferrin addition (58.33±1.66, 51.66±1.66 and 53.33±3.33 
respectively) as compared to the control (43.33±1.66). Sperm viability percent was improved 
(P<0.002) in TL1 (86.66±1.66) when compared to the control (80.66±0.66). Moreover, a significant 
reduction (P<0.004) in sperm abnormalities were observed in TL1 (8.66±0.33) and TL3 (8.33±0.33) 
when compared to the control (10.33±0.33). Sperm membrane integrity (HOST, 57.48±11.68, 
58.37±3.72 and 69.51±3.91) was kept as the control (57.90±0.27) and acrosome intact percent 
(89.33±1.15, 88.66±3.21 and 89.66±4.50) was maintained as control (87.50±5.00). Conclusions: The 
concentration of lactoferrin (TL1, 2mg/ml extender) exhibited the best sperm quality in post-thawed 
semen process. 
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Introduction 

The low rate of success of semen cryopreservation and poor rate of in vitro fertilization (IVF) 
may be referred to temperature reduction, cellular dehydration, freezing and thawing which associated 
with increased premature capacitation of spermatozoa. These alterations may not affect motility but 
reduces lifespan, ability to interact with the female reproductive tract and sperm fertility (Gadea et al., 
2004). In bovine semen, reactive oxygen species (ROS) are generated primarily by dead spermatozoa 
via an aromatic amino acid oxidase catalyzed reaction (Medeiros et al., 2002). The low concentrations 
of ROS are physiologically involved in the maintenance of the fertilizing ability and capacitation 
(acrosome reaction) of spermatozoa, but excessive ROS impairs sperm function and enzymatic 
activity (O’Flaherty and Matsushita-Fournier, 2017). Freezing and thawing processes also lead to the 
generation of ROS. Cryopreservation of bovine semen often exert a hazardous source for the 
oxidative attack on sperm due to decreased activities of antioxidant enzymes and the sperm membrane 
become more susceptible to oxidative damage (El-Sisy et al., 2007) which affect the membrane 
integrity (Awda et al., 2009). Sperm cells contain high concentrations of polyunsaturated fatty acids, 
which are highly susceptible to lipid peroxidation (LPO) with subsequent impairment of motility, 
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membrane integrity, fertilizing capacity and metabolic alterations of spermatozoa biology (Cassani et 
al., 2005).  

Buffalo spermatozoa must be extended using a suitable cryoprotective medium to be used later 
in artificial insemination programs. Tris-based extenders are frequently used for semen 
cryopreservation in domestic animals (Purdy, 2006 and El-Seadawy et al., 2017). ROS is represented 
by the hydrogen peroxide (H2O2) and the superoxide anion (O2-) are produced as a result of 
spermatozoal oxidative stress (Ball, 2008). Seminal plasma contain detrimental amount of 
antioxidants which eliminate ROS that decrease cellular damage (Meyers, 2012). The over 
accumulation of ROS cause lipid peroxidation with subsequent membrane and DNA damage leads to 
decrease both motility and viability (Baumber et al., 2003). The  antioxidant  system  in  the  cell  
including, catalase (CAT), reduced glutathione (GSH), glutathione peroxidase (GSH-PX), superoxide 
dismutase (SOD), and metal chelators (Lactoferrin, transferrin, and ceruloplasmin) has been identified 
as a defense functioning mechanisms against  LPO  in  semen (O'Flaherty, 2014).  It is also an 
important system in maintaining viability and sperm motility (Bilodeau et al., 2001 and Agarwal et 
al., 2007).  This  antioxidant  capacity  in  the  sperm  cell may  however  be  insufficient  to  prevent  
LPO  during  the freeze–thawing  process. Addition of antioxidants proteins found in seminal plasma, 
such as lactoferrin (Lf) and catalase (Cat), to the freezing semen extenders could protect the sperm 
during cryopreservation (Martins et al., 2014).  Lactoferrin is an iron-binding protein found in many 
exocrine fluids, blood plasma and neutrophils (Mahdi and Houbi, 2016); which was previously tested 
as an antioxidant added to extender of equine semen (Martins et al., 2016). So, the objective of the 
current study was to evaluate the effect of tris-extender supplemented with different concentrations of 
Lactoferrin on buffalo bull semen parameters.  

 
Materials and Methods 

 
Preparation of lactoferrin tris extender:  

Three different concentrations of bovine milk lactoferrin (Sigma-Aldrich, L9507), 2mg/ml 
(TL1), 4mg/ml (TL2) and 6mg/ml (TL3) were added into tubes containing Tris–citrate egg yolk 
extender with 20% (v/v) egg yolk and 7% (v/v) glycerol. The control tubes were Tris containing zero 
mg/ml lactoferrin. 

 
Semen collection and initial evaluation: 

Five mature Egyptian buffalo-bulls with superior quality semen characteristics maintained at 
the International Livestock Management Training Center (ILMTC), belonging to Animal Production 
Research Institute; Agricultural Research Centre; Dokki, Giza; Egypt, during spring were used for this 
study as semen source. Semen ejaculates were collected from bulls using an artificial vagina at 
weekly intervals for 5 concessive weeks. The semen samples were initially evaluated for volume (in 
graduated tube), concentration using Thoma ruling of the neubauer haemocytometer and 
morphological appearance were evaluated according to Boe-Hansen et al. (2018). 

The collected semen samples with more than 70% motility and 80% morphologically normal 
spermatozoa were admitted to freezing procedure. The ejaculates were pooled in order to have 
sufficient semen for a replicate and to eliminate the bull effect. The semen was given a holding time 
for 10 minutes at 37 ºC in a water bath before dilution to be evaluated. 

 
Semen processing: 

Semen samples were extended in the Tris-extender containing lactoferrin with dilution rate 1:5 
to ensure 60 million motile spermatozoa mL-1., then cooled up to 5 ºC, equilibrated for 4 h including 
the cooling time in and evaluated for post cooling sperm motility, viability, total abnormalities and 
acrosome and membrane integrities before processing.  

 Semen was packed into 0.25mL polyvinyl French straws (IMV, France). After equilibration 
period, the straws were placed horizontally and frozen in 4cm above liquid nitrogen (LN2) vapor for 
10 minutes and were then dipped stored in liquid nitrogen at -196 ºC. 
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Assessment of semen quality parameters: 
Frozen straws were thawed individually at 37 ºC for 60 s in a water bath for microscopic 

evaluation (Roof et al., 2012). The parameters studied were sperm motility, sperm viability, sperm 
abnormality, sperm membrane integrity (HOST; Hypo-osmotic swelling test) and percent of normal 
intact acrosome in cooled and frozen- thawed semen. 

 
Sperm motility: 

Subjective motility was observed using phase contrast microscope (Olympus Optical Co. Ltd., 
Japan). Visual motility was assessed microscopically with closed circuit television (de Paz et al., 
2010). 

 
Live and abnormal spermatozoa (%): 

Viability and morphological abnormalities, of at least 200 spermatozoa, were done using Eosin 
(0.5%)-Nigrosin (0.1%) staining mixture; dead cells were stained by the Eosin as described by Barbas 
and Mascarenhas (2009). 

 
Sperm membrane integrity: 

Hypoosmotic Swelling Test (HOST) in 100 mOsm/L was held to evaluate the functional intact 
sperm plasma membrane (membrane permeability), based on swollen tails; 200 hundred spermatozoa 
were counted and the percentage of spermatozoa with curled tails (swollen/intact plasma membrane) 
was calculated according to Hufana-Duran et al. (2015).  

 
Intact normal acrosome percent: 

The acrosomal membrane intact was evaluated by immerging of 30 μl air dried of thawed 
semen into previously prepared Giemsa’s stain solution and kept at 37°C for 2 hrs as described by 
Chowdhury et al. (2014). The present of intact acrosome was recorded for 200 spermatozoa that were 
randomly examined using phase contract microscope. 

 
Statistical analysis: 

Output data were analyzed by one-way analysis of variance (ANOVA), followed by Duncan 
(Duncan, 1955) test to determine significant differences in all the parameters among all groups, with 
SPSS Version 14.0 for Windows (SPSS, 2005). Data were tabulated as Mean ± SD. Differences with 
values of P<0.05 were considered to be statistically significant. 

 
Results 
 
Sperm assessment after cooling: 

The post cooling results (Table 1) revealed improvement in sperm membrane integrity (HOST) 
in all the concentrations of the used lactoferrin which was non-significant (P<0.149) in TL1 
(72.46±0.81) when compared to the control (56.61±15.49). All the other sperm parameters were 
nearly similar as the control. 
 
Table 1: Effect of Tris extender enriched with Lactoferrin on the cooled extended buffalo bull semen 

(Mean ± SD). 

Diluent Motility Viability Abnormalities HOST Acrosome 

Control 90.00±0.00 88.33±2.88 6.66±0.57 56.61±15.49 83.33±5.77 

TL1 91.66±2.88 92.00±3.46 7.66±0.57 72.46±0.81 90.66±1.15 

TL2 91.66±2.88 92.33±4.04 6.66±0.57 69.26±0.46 86.33±2.31 

TL3 91.66±2.88 91.66±2.88 6.66±0.57 65.13±0.23 84.33±4.04 

P-value NS NS NS NS NS 

* Means within each column followed by different letters differ at P<0.01. Control=Tris–citrate egg yolk 
extender, TL1= Tris+2mg/ml Lactoferrin, TL2=Tris+4mg/ml Lactoferrin and TL3=Tris+6mg/ml Lactoferrin, 
HOST=Hypoosmotic Swelling Test, NS=non-significant.  
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Post-thawing sperm assessment: 
The post-thawing results (Table 2) exhibited significant improvement (P<0.009) of sperm 

motility in all concentrations of lactoferrin (58.33±2.88, 51.66±2.88 and 53.33±5.77, respectively) as 
compared to the control (43.33±2.88). Similarly, sperm viability percent was increased (P<0.002) in 
TL1 (86.66±2.88) compared to the control (80.66±1.15). However a significant reduction (P<0.004) 
in sperm abnormalities in TL1 (8.66±0.57) and TL3 (8.33±0.57) compared to the control (10.33±0.57) 
while; sperm membrane integrity (HOST) and acrosome percent were maintained as control tubes. 
 
Table 2. Effect of Tris extender enriched with Lactoferrin on the post- thawed extended buffalo bull Semen 

(Mean ± SD).  

Diluent Motility Viability Abnormalities HOST Acrosome 

Control 43.33±2.88a 80.66±1.15b 10.33±0.57b 57.90±0.27 87.50±5.00 

TL1 58.33±2.88b 86.66±2.88c 8.66±0.57a 57.48±11.68 89.33±1.15 

TL2 51.66±2.88b 76.33±2.31a 10.33±0.57b 58.37±3.72 88.66±3.21 

TL3 53.33±5.77b 80.66±1.15b 8.33±0.57a 69.51±3.91 89.66±4.50 

P-value 0.009 0.002 0.004 NS NS 

*Means within each column followed by different letters differ at P<0.01. Control=Tris–citrate egg yolk 
extender, TL1= Tris+2mg/ml Lactoferrin, TL2=Tris+4mg/ml Lactoferrin and TL3=Tris+6mg/ml Lactoferrin, 
HOST=Hypoosmotic Swelling Test, NS=non-significant. 
  

Discussion 
 

Several factors have been reported to influence the cryosurvival of spermatozoa including 
osmotic stress, ice crystal formation, cryoprotectants toxicity and the variability of individuals (Neild 
et al., 2003 and Ferrusola et al., 2009). Among various causes, oxidative stress has been reported to 
affect the fertility and physiology of frozen/thawed spermatozoa (Agarwal et al., 2008). Oxidative 
stress occurs as a consequence of imbalance between the levels of reactive oxygen species (ROS) 
production and the antioxidant capacity of the cell (Smith et al., 2006 and Halliwell, 2006). Excessive 
amounts of ROS are harmful to the sperm cells, low level of these molecules are required to induce 
sperm capacitation in human, a process that is required for the spermatozoa to acquire their fertilizing 
ability. Under oxidative stress, spermatozoa suffer extensive damage such as peroxidation of 
membrane lipids, DNA fragmentation, low mitochondrial membrane activity (Halliwell and 
Gutteridge 2007 and Koppers et al., 2008) and inactivation of enzymes associated with motility 
(Cassani et al., 2005). Lipid peroxidation causes loss of integrity and fluidity of the sperm membrane 
necessary for membrane fusion during fertilization, there over to DNA and chromatin damage of 
spermatozoa (Gallon et al., 2006).  

Our results revealed improvement of sperm parameters after cooling. Post-thawing findings 
revealed improvement in sperm motility, livability and reduction in sperm abnormalities with the low 
used concentrations of lactoferrin addition. The current results are in agreement with those reported 
by Martins et al. (2016) in equine sperm membrane and acrosome integrity which were improved by 
lactoferrin addition to the freezing extender. The improved semen quality post cooling and post 
freezing may be due to the high affinity of lactoferrin to iron sequestration from the external 
environment and prevent it from performing its catalytic Haber-Weiss reaction (O’Flaherty, 2014), 
thus diminishing O2 and H2O2 production and consequently decreased Lipid peroxidation (Baker, 
2005).  

Lactoferrin acts as a sperm-coating antigen which may play an important role on the oxidative 
metabolism motility (Martins et al., 2014); working as a protecting agent to the spermatozoa, 
increases the percentage of sperm with functional membrane and decreased the lipid oxidant 
mediators (Martins et al., 2018). A dose-dependent increase in both induced acrosome reaction and 
tyrosine phosphorylation of sperm proteins were observed in the presence of Lactoferrin (Zumoffen et 
al., 2015). That was confirmed when low concentrations of Lactoferrin were added to in vitro 
fertilization medium of buffalo oocytes which significantly enhanced the rates of fertilization in vitro 
(Hussein and Badr 2017).  
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In conclusion, based on current results, the addition of lactoferrin to enhances the post-thawing 
motility and viability, with low abnormality rate of cryopreserved buffalo bull spermatozoa in a dose-
dependent manner.  The concentration of 2mg lactoferrin per one ml. Tris-extender exhibited the best 
sperm quality in post-thawed semen process. 
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