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oxidizing factors and Antioxidant molecules results in oxidative 
stress conditions, which by increasing the production of free radicals 
and vitiating the antioxidant defense system, causes an increase in the 
rate of lipid peroxidation, DNA fragmentation, damaging apoptosis 
and sperm motility, and ultimately its infertility [11,12]. The aim 
of the new methods is to protect semen freezing, maintain sperm 
fertility and minimize possible damage to the sperm cell to improve 
its ability to fertilize oocytes [13]. There are different mechanisms 
to inhibit oxidative stress and reduce ROS damage during freezing-
thawing process, one of which is the use of antioxidants. Antioxidants 
are compounds that are prone to react with ROS, and by eliminating 
free radicals, help to maintain the homeostatic levels of radicals and 
prevent their harmful effects [14]. Nowadays, natural antioxidants 
have been studied by many researchers and plant antioxidants have 
been successfully used to protect sperm during cryopreservation 
process in domestic animals such as boar [15], sheep [16], goat 
[17] and bull [18]. Aloe vera (Aloe barbadensis Miller) is a plant 
which belongs to Liliaceae family. This plant has stiff gray-green 
lance-shaped leaves containing clear gel in a central mucilaginous 
pulp [19], and is cultivated widely in hot and dry climates in many 
countries [20]. Aloe vera plant, due to some properties including 
anti-inflammatory, antimicrobial, anticancer, wound healing, 
neuroprotective, anti-diabetic and antioxidant properties, is widely 
used as a therapeutic and medical agent [21-27]. Aloe vera is a rich 

Background
Freezing is a method that allows long-term storage of the cell at 

very low temperatures [1]. Long-term preservation, establishment 
of genome bank, lack of need to keeping male animals, and 
reduction of disease transmission are the main objectives of sperm 
cryopreservation process [2]. Cryopreservation process includes 
temperature reduction, cellular dehydration, freezing and thawing. 
Lowering the temperature to below normal temperature will nearly 
stop cellular activity and reduce cellular metabolism, and after 
thawing, their activity will start again [3]. However, the damage to 
the sperm structure during the freezing-thawing process is the biggest 
obstacle to sperm cryopreservation leading to poor sperm quality 
[4]. Radical peroxyl, hydroxyl, superoxide and hydrogen peroxide 
are reactive oxygen samples that are highly reactive, and because 
of their electron deficiency, they are able to react with biological 
macromolecules including sugars, lipids, proteins and nucleic acids 
and cause sperm damage by oxidizing them [5,6]. Sperm plasma 
membrane contains large amounts of unsaturated fatty acids, and 
oxidation of unsaturated fatty acids in the sperm cell membrane 
results in high levels of ROS during the freezing-thawing process, 
which reduces membrane health and damages cellular function 
[7,8]. In physiological conditions, the presence of ROS is essential 
for normal sperm function since cell function relies on ROS [9,10]. 
However, during the freezing-thawing process, an imbalance between 
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Abstract

Background: Cryopreservation process causes oxidative stress on sperm 
membranes, which in turn damages sperm organs and enzymatic activities 
which thereby decrease motility, functional membrane integrity and sperm 
fertility. Therefore, current study carried out to evaluate the effect of Aloe vera 
Ethanolic Extract (AEE), alone and with trehalose in diluents on cryopreserved 
epididymal goat sperm.

Methodology: Epididymal sperm isolated from testes with motility >70% 
and total morphological abnormalities <10%. The experimental treatments 
consist of control (no additives) and basic diluents plus 5, 10, 20 or 50 µg/ml 
of AEE (AEE1, AEE2, AEE3 and AEE4, respectively), tr (150 mM trehalose), 
tr+AEE1, tr+AEE2, tr+AEE3 and tr+AEE4.

Results: Obtained data show that the extender containing AEE3, AEE1+tr, 
AEE2+tr and AEE3+tr improved significantly the cryopreserved sperm. The 
combined treatments indicate also a decrease in MDA than control. In addition, 
AEE2+tr and AEE3+tr showed the lowest (P<0.05) DNA fragmentation 
compared to the other treatments. Extender containing AEE3+tr resulted in 
higher total motility and viability than the extender containing tr alone, as well as 
AEE1, AEE2 and AEE4 treatments.

Conclusion: The present study indicates that ethanolic extract of Aloe vera 
could be used for goat sperm cryopreservation. Also, it can be concluded that 
trehalose in combination with 20 µg/ml of Aloe vera extract can be promised 
cryoprotectant in goat epididymal sperm freezing.
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source of compounds like sugars, saponins, carotenoids, flavonoids, 
tannins, Anthraquinone, steroids, vitamins, minerals, enzymes, 
polysaccharides, alkaloids, phenolic compounds, phenols and 
organic acids [20, 28-31]. In vivo and in vitro studies demonstrate 
the potential of Aloe vera as an antioxidant [32-34]. A study Hu et al. 
[35] shows that Aloe vera extracts had a stronger antioxidant activity 
than BHT and α-tocopherol. Also, Singh et al. [36] reported that Aloe 
vera enhances the body’s natural defense against oxidative stress 
by elevating the level and activity of antioxidant enzymes. Another 
study by Debnath et al. [37] show that Aloe vera extracts prevents 
lipid peroxidation, as well as DNA fragmentation by free radicals. 
The researchers stated that the antioxidant activity of this plant 
depends on its total phenolic content and that the plant can be used 
as a good natural antioxidant source. Rajasekaran et al. [19] stated 
that the consumption of Aloe vera extracts significantly increased 
glutathione, superoxide dismutase, catalase, glutathione peroxidase 
and glutathione-S-transferase in liver and kidney of STZ-induced 
diabetic rats. This effect indicated the antioxidant property of Aloe 
vera plant. Bala et al. [38] reported that the administration of Aloe 
vera extracts in X- ray- induced testicular damage rats, by scavenging 
free radicals and enhancing the antioxidant defense system prevented 
lipid peroxidation and apoptotic cell formation, thereby increasing 
testicular parameters. Also based on the study of Souza et al. [39] on 
using Aloe vera as a cryoprotectant in peccaries sperm extender, it 
was observed that sperm motility, viability and membrane integrity 
values were similar to egg yolk-based extender. The formation of 
ice crystals is one of the most important reasons for the decrease of 
sperm viability. Therefore, protective compounds are used in freezing 
extender to reduce the damage caused by ice crystals Compound 
sugars such as trehalose and sucrose are among these protectors [40]. 
Trehalose has a better protective effect on sperm during freezing-
thawing process compared to other sugars, and it has been used 
as a protector in goat [41], ram [42], buffalo [43], cattle [44], and 
rabbit [45] sperm cryopreservation. Trehalose is a non-penetrating 
disaccharide that, due to its inability to cross the plasma membrane, 
causes osmotic pressure, resulting in pre-freezing cell dehydration 
and a decrease in the formation of ice crystals within the cell. It is 
also of potential importance because of its influence on the stability of 
membrane structures during freezing [46]. To our knowledge, so far, 
no study has been conducted on the use of ethanolic extract of Aloe 
vera as an antioxidant in goat sperm freezing extender.

Therefore, the purpose of this study is to determine the antioxidant 
effects of ethanolic extract of Aloe vera at different levels, and to 
investigate the effect of a combination of ethanolic extract of Aloe vera 
and trehalose, to determine their possible synergistic effects through 
evaluation of acrosome integrity, plasma membrane functions, lipid 
peroxidation, DNA fragmentation and motion characteristics, after 
freezing-thawing process of the goat epididymal spermatozoa.

Materials and Methods
All experimental procedures used in this study have been carried 

out according to the international guidelines and acceptance by the 
Animal Care and Use Committee of the University of Kurdistan in 
Sanandaj, Kurdistan - Iran.

Chemicals
All chemicals used in the experiment were obtained from Sigma- 

Aldrich (St. Louis, MO, USA) and Merck (Darmstadt, Germany).

Preparation of aloe vera extract
The mature, healthy and fresh Aloe vera leaves were washed with 

fresh water and then their gel was extracted. To prepare the ethanolic 
extract, 100 g of the desired gel was weighed and poured into the 
container containing 96% ethanol. The container was placed on the 
shaker for 24 hours. After that, the mixture was first filtered through 
a clean screen cloth, and the resulting solution was then filtered 
through a filter paper and then concentrated by a rotary evaporator 
vaccum system at 40ºC. The resulting substance was completely dried 
and turned into powder in an oven at 35ºC and was finally stored at 
4ºC [37].

Preparation of spermatozoa
In order to do the experiment, the goat testes were obtained from 

a local slaughterhouse in Sanandaj and transferred to the laboratory. 
In order to get the spermatozoa, after several incisions in the cauda 
epididymis, the spermatozoa were introduced to the Tyrode lactate 
solution at 37ºC for 15 minutes. This medium contains 100 mM NaCL, 
3.1 mM KCL, 25 mM NaHCO3, 0.29 mM NaH2PO4H2O, 21.6 mM Na 
Lactate, 2/1 mM CaCL2 2H2O, 0.4 mM MgCL2 6H2O, 10 mM HEPES 
buffer, Bovine serum albumin 0.0006 g/ml, 1 mM Sodium pyruvate, 
25 µg/ml Gentamycin, and Phenol red 10 mg/l [47]. Sperm suspension 
was centrifuged at 700 g for 10 min and then the spermatozoa were 
used to continue the experiment. Only sperms with total motility 
>70% and morphological abnormalities < 10% were chosen and used 
in the experiment after being pooled. The sperms were prepared 
with a concentration 250×106/ml. The basic extender is composed of 
3.07 g Tris, 1.26 g fructose, 1.64 g citric acid in 100 ml distilled water 
containing 10% (v/v) egg yolk and 5% (v/v) glycerol (Maxwell and 
Evans 1989). The osmolality of the extenders was set on mOsm 320 
and pH=7.2. The experimental treatments included basic extender 
with no additives (control), basic extender +150 mM of trehalose (the 
best trehalose concentration was obtained from previous experiments 
(unpublished data), basic extender +5 µg/ml concentration of Aloe 
vera extract, basic extender +10 µg/ml concentration of Aloe vera 
extract, basic extender + 20 µg/ml concentration of Aloe vera extract, 
basic extender +50 µg/ml concentration of Aloe vera extract, basic 
extender + 5 µg/ml concentration of Aloe vera extract +150 mM of 
tarthalose, basic extender +10 µg/ml concentration of Aloe vera extract 
+150 mM of tarthalose, basic extender +20 µg/ml concentration 
of Aloe vera extract +150 mM of trehalose, basic extender +50 µg/
ml concentration of Aloe vera extract +150 mM of trehalose. Each 
treatment consisted of 8 replicates. The diluted specimens were 
loaded into straws (0.25 mL), and after blocking the end of straws 
with polyvinyl chloride powder, they were put at 4ºC for 3 hours. The 
straws were then put in nitrogen vapor at a distance of 4 cm from 
the liquid nitrogen level. After 15 minutes, the straws were immersed 
in the liquid nitrogen. The frozen straws were thawed at 37ºC for 30 
seconds, and were then used to evaluate the spermatozoa.

Sperm motion characteristics
Motility parameters were measured using computer-assisted 

sperm motility analysis system (CASA: IVOS version 12; Hamilton-
Thorne Biosciences, MA, USA). Thawed semen was diluted (5 µl 
semen + 95 µl extender) in a Tris-based extender (without egg yolk 
and glycerol) and evaluated immediately after dilution. A 5-µL 
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sample of diluted semen was put onto a pre-warmed chamber slide 
(Leja 4, Leja Products, Luzernestraat B.V., Holland) and sperm 
motility characteristics were determined with a 10× objective at 37ºc. 
The following motility values were recorded: motility (%), progressive 
motility (%), VAP (average path velocity, µm/s), VSL (straight-line 
velocity, µm/s), VCL (curvilinear velocity, µm/s), ALH (amplitude of 
lateral head displacement, µm), LIN (linearity (LIN=VSL/VCL×100)), 
and STR (straightness (STR=VSL/VAP×100)). For each evaluation, 
10 microscopic fields were analyzed to include at least 300 cells.

Sperm membrane integrity and acrosomal status
The Hypo Osmotic Swelling (HOS) test method which was 

described by Revell and Mrode, [48] was used to evaluate the sperm 
membranes integrity. This experiment was conducted by adding 10 
µl of diluted sperm to 100 µl of hyposmotic solution (9g fructose 
+4.9g sodium citrate/1L distilled water) for 60 min at 37ºC. A drop 
of the solution was placed on a warmed slide and was then covered 
with a cover slip. Two hundred spermatozoa were counted for their 
swelling characterized by coiled tail, and were considered as sperms 
with intact membranes.

Sperm acrosomal integrity was determined by the method 
described by Weitze [49] using formalin-citrate buffer solution (96 
ml 2.9% sodium citrate, with 4 ml 37% formaldehyde). The diluted 
sperms were first fixed in the formalin-citrate buffer solution, and 
after placing a drop of this mixture on a slide, it was covered by a 
coverslip, and finally a total of 200 sperms were counted using a light 
microscope (1000×magnification) and the percentage of spermatozoa 
with intact acrosomes was determined.

Sperm viability, lipid peroxidation and DNA integrity
The viability of the samples was evaluated by eosin-nigrosin 

staining technique. Sperm suspension smears were prepared by 
mixing 5 µl of diluted sperms with 10 µl of eosin-nigrosin dye on 
a slide and spreading the dye with a second slide. After the slides 
were air dried, two hundred sperms were counted under a bright-
field microscope (400×magnification) and the sperms that were not 
stained were identified as live sperms and the stained ones as dead 
sperms [2].

Thiobarbituric Acid (TBA) testing is routinely used to measure 

MDA concentrations, a tool used to estimate lipid peroxidation. For 
this aim, Semen samples immediately after thawing were centrifuged 
at 1500 g for 5 min and supernatant was separated. After mixing 1 ml 
of supernatants with 1 ml of EDTA (0.037 g EDTA in 10 ml distilled 
water), 1 ml BHT (0.2 g BHT in 10 ml ethanol) and 2 ml TCA (3 g 
TCA in 30 ml distilled water), we centrifuged this mixture at 1200 g 
for 15 minutes. This mixture was centrifuged at 1200 g for 15 min. 1 
ml of supernatant of this mixture was incubated with 1 ml of TBA 
(0.134 g TBA in 20 ml distilled water) in a water bath at 900c for 
20 min and cooled at room temperature. The absorbance was read 
on a spectrophotometer at 535 nm. The MDA concentrations were 
expressed as nmol/ml [50].

DNA fragmentation was assessed by Sperm chromatin 
dispersion test according to the method described by [51] with slight 
modification. First, 150 µl of 65% agarose was placed on a slide and 
covered with the coverslip. After placing the slide at 4ºC for 5 min, 
the coverslip was removed and a mixture of 30 µl of thawed sperm 
sample and 70 µl of 0.7% low melting point agarose was placed on 
the solid agarose layer of the slide. It was then covered again by the 
coverslip and was air dried. The coverslip was removed and the slide 
was placed horizontally in acid denaturing solution (0.08 N HCl) 
at 37ºC in darkness. After 7 minutes, the slide was placed in lysing 
solution (0.4 M Tris base, 0.8 M DTT, 1% SDS, 50 mM EDTA, and 
2 M NaCl, pH=7.5) for 25 minutes. After that, the slide was washed 
with distilled water for 5 minutes and was then dehydrated in 70%, 
90% and 100% ethanol respectively, each for 2 minutes, and air 
dried. Finally, sperm cells were stained by ethidium bromide staining 
solution to be assessed by fluorescence microscopy. The halo size of 
each cell was evaluated by the surface of the halo ÷ surface of the 
whole nucleoid (Figure 1).

Statistical analysis
Data were analyzed using Proc GLM of SAS (version 9.1; SAS 

Institute, 2002, Cary, NC, USA), in a Completely Randomized 
Design. Orthogonal contrasts were used to compare the means and 
the significance level was P < 0.05. Results are shown as mean ± SE.

Results
The results in Table 1 show that the total motility in AEE3, AEE1+tr, 

Figure 1: Demonstration of the relative halo size using digital image analyzed by fluorescence microscopy. The ethidium bromide (EtBr) stained sperm nucleoid 
presents a peripheral halo of dispersed DNA loops (left) with a central core (right). The relative halo size can be calculated by the division of halo surface to whole 
nucleoid surface as described by Fernandez et al. [51].
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AEE2+tr and AEE3+tr treatments significantly increased (P<0.05), 
compared to control treatment. AEE3+tr showed a significant 
increase (p<0.05) in total motility compared to AEE1, AEE2, AEE3, 
AEE4, tr, AEE1+tr and AEE4+tr. In addition, AEE2+tr resulted in 
total motility improvement compared to tr, AEE1, AEE2, AEE3, 
AEE4 and AEE4+tr. Progressive motility means in AEE3, AEE1+tr, 
AEE2+tr and AEE3+tr was significantly (p<0.05) higher than control. 
Also, AEE3+tr showed higher (p<0.05) percentage of Progressive 
motility compared to tr, AEE1, AEE2, AEE4, AEE4+tr. The results 
showed that the percentage of VAP were higher (p<0.05) in tr, AEE1, 
AEE2, AEE3, AEE1+tr, AEE2+tr and AEE3+tr compared to control. 
In relation to the VSL and VCL parameters, AEE3, AEE1+tr, AEE2+tr 
and AEE3+tr showed significant increase compared to control 
(P<0.05). Also, the results showed that the VCL values were higher 
in AEE3+tr compared to AEE4, and AEE4+tr (P<0.05). AEE3+tr 
resulted in an increase (P<0.05) in the ALH parameter compared to 
AEE4, AEE4+tr and control. Concerning the BCF parameter, AEE3, 
AEE1+tr, AEE2+tr and AEE3+tr treatments increased this parameter 
compared to control (P<0.05). The percentage of BCF also increased 
in AEE3+tr compared to tr, AEE1, AEE4, AEE4+tr.

The results of sperm viability showed that AEE3, AEE1+tr, 
AEE2+tr and AEE3+tr resulted in an increase (P<0.05) in sperm 

viability compared to control. AEE3+tr had the highest (P<0.05) 
viability rate than other treatment except than AEE2+tr. Also, viability 
in AEE1+tr and AEE2+tr treatments increased significantly (P<0.05) 
compared to tr, AEE1, AEE2, AEE3, AEE4 and AEE4+tr (Table 2).

 The HOST test results showed increase (P<0.05) in membrane 
integrity in all treatments compared to control. Also, results showed 
an increase (P<0.05) in membrane integrity in AEE3+tr compared to 
other treatments except than AEE3 treatment (Table 2). The results 
of formalin citrate test showed no significant difference (p<0.05) 
between treatments (Table 2).

 The level of MDA, as a lipid peroxidation index, was significantly 
(P<0.05) lower (P<0.05) in extenders supplemented with AEE1+tr 
AEE2+tr, and AEE3+tr compared to the control. Moreover, the data 
indicated that lower (P<0.05) concentrations of MDA were detected 
in the extender supplemented with AEE3+tr compared to extenders 
supplemented with AEE1, AEE2 AEE4 and AEE4+tr.

As the results shown in Table 2 and Figure 2 Show, the Halo 
Surface/Whole Nucleoid Surface (HS/WNS) ratio in all treatments 
increased compared to the control (P<0.05). The highest (P<0.05) HS/ 
WNS ratio was observed in AEE2+tr and AEE3+tr treatments. This 
ratio was also significantly higher in AEE3 and AEE1+tr treatments 
compared to tr AEE1, and AEE4+tr treatments (P<0.05). 

Discussion
During the semen cryopreservation process, lowering the 

temperature causes oxidative stress on the sperm membranes, 
which in turn damages sperm organs and enzymatic activities, and 
decreases motility, functional membrane integrity, and sperm fertility 

Parameters Aloe vera

Total phenolics content (mg GAE/g extract) 132.24±4.45

Total flavonoids content (mg QE/g extract) 103.81±7.69

Table 1: Analyses of the total phenolic and total flavonoid contents of Aloe vera 
ethanolic extract (mean ± SE; n=8).

GAE: Gallic Acid Equivalents; QE: Quercetin Equivalents.

Parameters Control AEE1 AEE2 AEE3 AEE4 tr AEE1+tr AEE2+tr AEE3+tr AEE4+tr

Total motility (%) 40.00±1.08e 41.50±1.76de 42.00±0.91cde 43.25±1.11cd 40.25±0.95de 43.00±0.82cde 44.75±1.11bc 47.00±0.82ab 48.25±0.85a 42.00±1.08cde

Progressive motility 
(%)

45.75±0.25d 46.75±0.63bcd 47.00±1.47bcd 48.75±0.48ab 46.00±0.41cd 47.00±0.71bcd 48.50±0.29abc 49.25±0.63ab 50.00±1.08a 46.75±1.65bcd

VAP (µm/s) 50.84±1.60c 55.76±1.62ab 55.95±1.22ab 55.99±1.56ab 51.76±0.31bc 55.75±1.25ab 57.90±1.93a 57.94±1.98a 58.48±2.99a 53.97±1.74abc

VSL (µm/s) 33.29±0.95b 36.60±0.79ab 37.01±3.12ab 37.65±0.90a 35.60±0.48ab 37.28±0.89ab 38.23±1.40a 38.63±1.95a 39.76±1.49a 36.55±0.88ab

VCL (µm/s) 121.00±3.09c 127.65±1.07abc 128.60±1.29abc 130.69±4.43ab 122.66±1.30c 128.35±1.51abc 130.49±1.90ab 133.31±5.04ab 134.38±1.80a 126.06±1.97bc

ALH (µm) 6.12±0.14b 6.37±0.24ab 6.82±0.28ab 6.97±0.05ab 6.21±0.27b 6.76±0.49ab 6.88±0.68ab 7.04±0.31ab 7.30±0.17a 6.29±0.27b

STR (%) 65.51±0.91 65.91±3.15 66.07±5.08 67.43±2.74 68.80±1.30 66.90±1.13 66.00±0.39 66.55±1.09 68.18±1.53 67.71±0.60

LIN (%) 27.51±0.16 28.69±0.82 28.81±2.50 28.93±1.32 29.04±0.65 29.05±0.55 29.32±1.20 28.94±0.41 29.65±1.33 29.04±1.08

BCF (Hz) 9.94±0.25e 10.36±0.60cde 11.04±0.75abcde 11.98±0.79abc 10.12±0.64de 10.49±0.20bcde 11.73±0.41abcd 12.21±0.67ab 12.29±0.94a 10.19±0.30de

Table 2:  Effects of Aloe vera Ethanolic Extract (AEE) and trehalose and combinations of them on evaluated parameters in frozen-thawed goat sperm (mean ± SE; 
n=8).

Tr (150mM trehalose); AEE1, AEE2, AEE3 or AEE4 (5, 10, 20 or 50 µg/ml of Aloe vera ethanolic extract, respectively); average path velocity (VAP, µm/s); straight-line 
velocity (VSL, µm/s); curvilinear velocity (VCL, µm/s); Amplitude Of Lateral Head displacement (ALH, µm); linearity (LIN=VSL/VCL×100); straightness (STR=VSL/
VAP×100); beat/cross frequency (BCF, Hz). Different superscripts (a,b,…) within the same row demonstrates significant differences (P>0.05).

Parameters Control AEE1 AEE2 AEE3 AEE4 tr AEE1+tr AEE2+tr AEE3+tr AEE4+tr

Viability (%) 44.00±1.41e 44.75±0.75de 46.75±0.48cde 47.50±1.85cd 44.50±1.76de 47.00±0.91cde 48.50±0.65bc 51.25±0.85ab 52.50±0.87a 46.50±0.87cde

Membrane integrity (%) 38.00±1.47d 40.50±0.96c 41.50±1.65c 45.25±1.89ab 38.75±1.31c 39.00±0.41c 41.25±0.85c 40.25±0.63c 47.00±1.22a 41.75±1.31bc

Acrosome statue (%) 58.50±1.19 56.50±1.55 58.25±2.84 57.75±0.25 56.75±1.65 56.50±1.32 56.50±2.53 57.75±1.60 60.50±0.65 57.75±1.31

Malondialdehyde concentration 
(nmol/ml)

2.74±0.22d 2.54±0.19bcd 2.47±0.14bcd 2.37±0.14abcd 2.59±0.19cd 2.38±0.10abcd 2.26±0.10abc 2.14±0.09ab 1.97±0.11a 2.52±0.14bcd

SCD stained HS/WNS (%) 1.46±0.02h 1.59±0.01fg 1.69±0.02cd 1.73±0.01bc 1.56±0.01g 1.65±0.02de 1.74±0.02b 1.79±0.02a 1.80±0.02a 1.64±0.01ef

Table 3: Effects of Aloe vera ethanolic extract (AEE) and trehalose and combinations of them on evaluated parameters in frozen-thawed goat sperm (mean ± SE; n=8).

Tr (150 mM trehalose); AEE1, AEE2, AEE3 or AEE4 (5, 10, 20 or 50 µg/ml of Aloe vera ethanolic extract, respectively). Different superscripts (a,b,…) within the same 
row demonstrate significant differences (P>0.05).
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[52,53]. Some plants have effective antioxidant properties due to their 
bioactive compounds, including phenols and flavonoids, which can 
reduce the damage caused by free radicals [54]. To our knowledge, so 
far, no study has been conducted on the use of ethanolic extract of Aloe 
vera as an antioxidant in goat sperm freezing extender. Therefore, the 
aim of this study is to determine the antioxidant effects of different 
levels of ethanolic extract of Aloe vera, and to investigate the effect 
of a combination of ethanolic extract of Aloe vera and trehalose after 
freezing-thawing process of the goat epididymal spermatozoa. Our 
findings showed that Aloe vera extract alone or in combination with 
trehalose improved sperm quality. Based on our results, the use of 
20 µg/ml of Aloe vera extract in the extender resulted in significant 
improvement in total motility, progressive motility, VSL, VCL, BCf, 
viability and membrane integrity compared to control treatment. The 
results showed that adding a 20 µg/ml of ethanolic extracts of Aloe 
vera to extender decreased MDA compared to control treatment. 
These are in agreement with the report of Najafi et al. [55] who 
mentioned that the addition of fennel extracts to the ram sperm 
freezing extender significantly increased total motility, progressive 
motility, membrane integrity and sperm viability parameters. Also, 
Azimi et al. [56] reported that the use of purslane extract in extender 
improved total motility, progressive motility, viability, membrane 
integrity and reduced lipid peroxidation of sperm after thawing. 
Merati and Farshad [57] indicated that the addition of ginger and 
echinacea extract to epididymal ram sperm freezing extender resulted 
in increased total motility, progressive motility, viability, membrane 
integrity and decreased MDA of sperm after freezing-thawing 
process. In another report by Zanganeh et al. [17], using rosemary 
extracts in goat semen extender resulted in increased total motility, 
progressive motility, and membrane integrity and decreased MDA 
of human sperm. Yong et al. [58] stated that the use of Aloe vera as 
a cryoprotectant for fish semen cooling increased sperm viability 
and motility. Also, Jasem and Nasim [59] reported that Aloe vera 

can increase male fertility by enhancing sperm quality. These results 
indicate that natural antioxidants play an important role in preventing 
sperm oxidation and can maintain membrane motility and integrity 
during cryopreservation. The precise mechanism by which Aloe vera 
extract enhances sperm quality is not known yet. According to the 
reports, this plant contains folic acid and zinc which act as antioxidants 
and can enhance sperm quality by reducing semen apoptosis [60,61]. 
Research has also shown that Aloe vera extract contains phenols [30]. 
Phenolic compounds are widely distributed in plants and can directly 
excavate free radicals. They have greater antioxidant power than 
synthetic antioxidants and vitamins C and E [62,63] reported that the 
antioxidant activity of ethanolic extract of Aloe vera well-correlated 
to total phenolic content. Therefore, sperm quality improvement 
may be due to the antioxidant role of phenolic compounds of Aloe 
vera. Phenolic antioxidants act as free radical terminators or metal 
chelators [64]. The antioxidant properties of phenolic compounds 
can be attributed to their ability to donate hydrogen ions [65]. The 
results of this experiment showed that the extender containing Aloe 
vera extract resulted in reduced DNA fragmentation after thawing. 
Similar to our results, Azimi et al. [56] reported that the addition 
of purslane extract to goat sperm freezing extender reduced DNA 
fragmentation after thawing. In addition, Ariyan et al. [66] showed 
that the use of Tribulus terrestris in goat extender resulted in decrease 
of sperm DNA fragmentation. Also, Luno et al. [67] showed that the 
addition of mate tea extract to pig sperm freezing extender reduced 
DNA fragmentation. In another study Shah et al. [18] observed 
that the addition of curcumin to the buffalo freezing extender 
increased DNA integrity after cryopreservation. But Asadmobini et 
al. [15] did not observe a significant effect on the integrity of post-
thaw sperm DNA after adding different levels of Tribulus terrestris 
extract to human semen freezing diluent. The exact mechanism by 
which Aloe vera extract reduces sperm DNA fragmentation is not 
known. However, research indicates that flavonoids can prevent 

Figure 2: Effects of Aloe vera Ethanolic Extract (AEE) and trehalose and combinations of them on DNA fragmentation in frozen-thawed goat sperm. Tr (150mM 
trehalose); AEE1, AEE2, AEE3 or AEE4 (5, 10, 20 or 50 µg/ml of Aloe vera ethanolic extract, respectively).
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DNA breakage and damage by electron transfer [68]. The results 
show that the extender containing combined treatment of AEE1+tr, 
AEE2+tr and AEE3+tr resulted in an improvement in total motility, 
progressive motility, VSL, VCL, BCF, viability, membrane and 
DNA integrity compared to control. Also, all combined treatments, 
resulted in a decrease (P<0.05) in MDA than control. In addition, our 
results showed that the extender containing the combined treatment 
of AEE3+tr showed significantly higher motility and viability than 
the extender containing the tr treatment alone as well as the AEE1, 
AEE2 and AEE4 treatments. Also, the combined treatments of 
AEE1+tr, AEE2+tr and AEE3+tr, compared to trehalose or the 
extracts alone, resulted in reduced DNA fragmentation. Wang and 
Dong [46] observed that the addition of trehalose in combination 
with glutathione to the freezing extender, compared to the addition of 
glutathione and trehalose alone to the extender, significantly increased 
the progressive motility and membrane integrity percentages. They 
mentioned that trehalose in combination with glutathione could 
better protect deer sperm during the freezing-thawing process. The 
experiment conducted by Daghigh-Kia et al. [69] showed that the use 
of rosemary in combination with glutathione led to improved post-
thaw quality of bull semen. These results are in agreement with our 
results which show that trehalose in combination with the extracts 
resulted in improved sperm quality compared to the addition of 
trehalose or the extracts alone to the extender. The mechanisms 
underlying the protective effect of trehalose in combination with Aloe 
vera extract on sperm cryopreservation have not been reported so far. 
However, it can be concluded from the results of this experiment that 
the existing compounds in the Aloe vera extracts might have worked 
with trehalose in a synergy.

Conclusions
Based on the results of this experiment, it can be stated that the 

use of ethanolic extract of Aloe vera as an antioxidant in the freezing 
extender of goat epididymal spermatozoa has beneficial effects on 
cell protection during freezing-thawing process. According to the 
present results, the increase in post-thaw sperm quality due to the 
addition of a combination of trehalose and the ethanolic extract 
of Aloe vera to the extender may indicate the synergistic effects of 
trehalose and the existing compounds in the ethanolic extract of this 
plant. Therefore, it can be concluded that trehalose in combination 
with Aloe vera ethanolic extract can be a useful cryoprotectant in goat 
sperm freezing. However, further research is needed to determine 
the precise effect of biomolecules present in Aloe vera extract as well 
as their antioxidant protective mechanisms in combination with 
trehalose during cryopreservation. However, further researches 
directed at the discovery of a better effectivity of cryopreservation 
techniques using this antioxidant such artificial insemination.

Limitations of the Study
Due to financial constraints, the availability of livestock and the 

lake of laboratory facilities, we were not able to use the frozen-thawed 
sperm in artificial insemination program. Given the existence of this 
condition, we could have a better analysis of the obtained results. 
Moreover, it is important to note that we do not know how the used 
antioxidants would affect the sperm from other species.
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