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Abstract The aim of this study was to evaluate the

effect of antioxidant agents and freezing methods on the

ability of ram sperm to preserve its post-thaw quality

characteristics. Six Chios rams were subjected to 52

weekly semen collections. Each ram was used as semen

donor for freezing experiments once every 2 weeks.

Equal number of good quality spermatozoa from each

ejaculate (concentration C1 9 109 spermatozoa/ml,

motilityC70%,motility scoreC3.5) were pooled. Three

equal aliquots of the pooled sample were diluted using

three different fractions of a milk-based and glycerol

extender (control, quercetin-enriched, a-tocopherol-

enriched). Three freezing methods were applied (slow

and fast freezing rate in a programmable freezer, vapors

of liquid nitrogen) in every aliquot. Sperm aliquots were

tested before freezing, immediately after thawing and

after 3 h of incubation at 37 �C. Spermmotility (%) was

evaluated microscopically. The percentage of mem-

brane and acrosome-intact spermatozoa (IL%) aswell as

the percentage of membrane-intact and acrosome-

reacted spermatozoa (ARL%) were determined by

eosin-nigrosin stain. Furthermore, the percentage of

hypo-osmotic swelling (HOS) test-positive spermatozoa

was estimated. The results revealed no beneficial effect

of the antioxidant treatment on the parameters of post-

thaw semen (P[0.05). However, the slow freezing rate

methodwasmore beneficial regardingmotility, IL, ARL

and HOS-positive spermatozoa compared to the other

methods. In conclusion, the antioxidant agents used in

this study failed to protect sperm against cryopreserva-

tion stress; however, the choice of the appropriate

freezing method could contribute to the improvement of

post-thaw ram sperm quality.
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Introduction

Numerous researchers and practitioners are involved

in ram semen cryopreservation and sheep artificial
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insemination (AI). A high variability of field fertility

results have been reported, depending on the quality of

the frozen-thawed ram semen and the method of AI

(Windsor 1997). Differences have also been attributed

to the breed or to the quality of the ram ejaculate (Fair

et al. 2005). Spermatozoa’s membranes are suscepti-

ble to lipid peroxidation since they are rich in

polyunsaturated fatty acids (Peris et al. 2004). It is

well known that sperm freezing negatively affects the

frozen-thawed sperm quality. Specifically, the freez-

ing process induces osmotic stress, high production of

reactive oxygen species (ROS), sperm DNA damage,

destabilization of sperm membrane and dysfunction of

sperm mitochondria (Pena et al. 2011).

In order to avoid the detrimental effects of oxida-

tive stress during semen freezing, previous studies

have used antioxidants or modified freezing protocols

(Curry et al. 1994; Kumar et al. 2003; Sicherle et al.

2011; Silva et al. 2013). The supplementation of

semen extenders with antioxidants has been shown to

be beneficial for the maintenance of semen quality

after freezing (Uysal and Bucak 2007). Among them,

vitamin E provides greater structural integrity and

kinematics for ram spermatozoa after cryopreserva-

tion (Silva et al. 2013), while crocin protects sperm

DNA (Mata-Campuzano et al. 2015). However, con-

troversial results have been reported concerning the

effect of antioxidant agents specifically on ram frozen-

thawed semen quality. The addition of resveratrol or

quercetin to the Tris-egg yolk-glycerol extender

reduced the potential of sperm mitochondrial mem-

brane (Silva et al. 2012), while combined cysteine and

glutathione in soy lecithin-based semen extender had a

detrimental effect on the quality of post-thawed ram

semen (Zhandi and Sharafi 2015).

During the freezing procedure, the temperature area

between -10 and -25 �C is crucial for ram sperma-

tozoa (Salamon and Maxwell 1995). In addition, rapid

freezing rates induce sperm death, while ram sperma-

tozoa are particularly susceptible to cold shock

because they have low cholesterol levels and a high

ratio ([2.5) of unsaturated to saturated fatty acids

(Bailey et al. 2000). For the above mentioned reasons,

previous studies have tested various protocols to

measure the effect of the freezing rate on ram sperm

post-thaw quality, reporting various results (Byrne

et al. 2000; Kumar et al. 2003).

The aim of the present study was to investigate the

effect of the antioxidant agents a-tocopherol and

quercetin and the effect of different freezing methods

on the post thawed quality of Chios ram semen.

Materials and methods

Chemicals, semen extenders

All reagents used in this study were purchased from

Sigma Aldrich, Seelze, Germany, unless otherwise

indicated.

Two basic extenders were used. Extender A, a milk-

based extender, was prepared by the addition of

skimmed milk powder in distilled water (11% w/v),

heated to 95 �C for 10 min, and cooled to room

temperature before the addition of 5.5% egg yolk (v/

v). Finally, 120.000 IU penicillin and 0.04 gr strepto-

mycin were added per 100 ml of the solution (Kulak-

siz et al. 2012).

Extender Bwas prepared by the addition of glycerol

(17.5% v/v) and fructose (5% w/v) to extender A.

Two additional types of extenders were prepared

for the study’s purposes.

Extender Q, was prepared by the addition of the

antioxidant agent quercetin to extender B to a final

concentration of 0.5 mM.

Extender T, was prepared by the addition of

antioxidant agent a-tocopherol to extender B to a

final concentration of 0.5 mM.

The concentration of both antioxidants was selected

based on preliminary trials, where concentrations of

0.5 mM, 1 mM, 2 mM and 4 mM were compared

regarding motility and viability of thawed semen. The

concentration of 0.5 mM demonstrated better results

after 3 h of incubation at 37 �C (data not shown).

Animals, semen collection

Six trained adult rams (3–6 years old) of Chios breed

were used in this study. The animals were housed in

the Institute of Reproduction and Artificial Insemina-

tion of Thessaloniki, Greece (40�40052.600N
22�51057.400E). The rams were selected out of 19

available rams based on the freezability of their

semen. During a 3 months preliminary period, the

weekly ejaculates of the 19 rams were evaluated

concerning total and progressive motility and percent-

age of morphological abnormalities after freezing-

thawing. Thawed semen having total motility C45%,
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vigor progressive motility C3.5 (scale 0–5) and

morphological abnormalities B5% was considered

good freezable. During the experimental period, the

animals were under invariable controlled feeding and

housing conditions. A clinical examination of the rams

was performed weekly to confirm their health status.

The main experimental period lasted over 1 year. A

total of 156 ejaculates, 26 from each ram were used.

All the selected rams were weekly semen collected by

an artificial vagina. The ejaculates of three rams were

used for the experimental purposes once a week, while

the remaining ejaculates were used for the routine

duties of the Institute. As a result each ram was used as

semen donor for freezing experiments once every

2 weeks.

Semen processing

The collected semen samples were immediately

extended 1:1 v/v by the extender A (37 �C) and

transferred to the laboratory. After that, they were

evaluated for motility parameters and concentration

by a phase contrast microscope (2009) equipped with

a heated plate (37 �C) and by means of a Neubauer

haemocytometer, respectively. If the samples fulfilled

the quality criteria of total motility C70%, vigor

progressive motility C3.5 and a minimum concentra-

tion of 1 9 109 spermatozoa/ml they were further

processed. From each sample, a volume with the same

number of spermatozoa was removed and was used to

prepare the final pooled semen sample. Thus, the

pooled sample contained the same number of sperma-

tozoa per used ram, to avoid any individual effect.

Finally, the sample was diluted by extender A (25 �C)
to a final concentration of 1.6 9 109 spermatozoa/ml

and was transferred to the freezer at 5 �C. The pooled
sample was cooled to 5 �C within 1 h and was

separated in three equal aliquots. A second dilution

was performed for each aliquot at 5 �C. The first

aliquot was diluted by extender B, the second by

extender Q and the third by extender T, creating the

groups of control frozen semen (group C), frozen

semen plus quercetin (group Q) and frozen semen plus

a-tocopherol (group T), respectively. The addition of

the glycerol-extenders was performed slowly

(20–30 min), to a final concentration of 7% glycerol

in semen. After the second dilution, the samples were

equilibrated at 5 �C for 120 min. Straws of 0.25 ml

volume (Minitub, Germany) were filled and were

further processed for freezing using three different

methods.

Semen freezing methods

All semen groups were frozen using three major

methods; slow freezing rate, fast freezing rate and

liquid nitrogen vapor straws’ plunging. The first two

methods were performed in a programmable freezer

(Digicool 5300; IMV, France). In the latter case, the

straws were placed 4.5 cm above the level of the liquid

nitrogen for 15 min and then they were plunged into a

liquid nitrogen tank for storage (Bucak et al. 2007). In

the programmable freezer, a slow (-3 �C/min from

?5 to-8 �C;-25 �C/min from-8 to-130 �C) and a
fast (-6 �C/min from?5 to-8 �C;-50 �C/min from

-8 to -130 �C) freezing rate were applied. There-

after, the straws were also plunged directly into liquid

nitrogen (-196 �C).

Frozen semen thawing: incubation processing

Two straws from each group were thawed at 50 �C for

9 s in a water bath. Semen quality evaluation was

performed immediately after thawing using the first

straw, as well as, 3 h later, after incubation of the

second straw in a water bath at 37 �C.

Semen evaluation

All semen samples were evaluated for the same

parameters at three time points: (a) time 1, before the

cooling and freezing process, as pooled semen diluted

with extender A (25 �C) to a final concentration of

1.6 9 109 spermatozoa/ml, (b) time 2, immediately

after thawing and (c) time 3, incubated semen in a

water bath at 37 �C, 3 h after thawing.

Evaluation of motility

Sperm motility was subjectively evaluated by a phase

contrast microscope (2009) equipped with a heated

plate (37 �C). A 20 ll drop of semen was placed on a

pre-warmed slide tempered, was covered with a

coverslip and spermatozoa with fast straight move-

ment were evaluated on a scale from 0 to 100%. Ten

different microscopic fields in each sample were

observed. The mean of the ten estimations was used as

the final motility score.
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Evaluation of viability and acrosomal status

Viability and acrosome integrity were assessed by

eosin-nigrosin double staining method (Ramón et al.

2013). Briefly, a 5 ll drop of semen and a 10 ll drop
of eosin-nigrosin solution were mixed in a tube of 1 ml

volume. The tube was placed in a water bath at 37 �C
for 3 min and a smear was prepared and allowed to air

dry. Viability was assessed by counting 400 cells

under phase-contrast at (10009). Spermatozoa that

displayed purple staining were considered dead.

Depending on acrosome status, spermatozoa were

classified as live with intact acrosome (IL) and live

with reacted acrosome (ARL). All the aforementioned

parameters were expressed as percentages.

Hypo-osmotic swelling test (HOST)

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

evaluate the functional integrity of spermatozoa

membranes. According to Paulenz et al. (2002), a

hypo-osmotic solution of 100 m Osm (9 g fruc-

tose ? 4.9 g sodium citrate per liter of distilled water)

was prepared and used. A volume of 10 ll of each
semen sample was incubated with 100 ll of the hypo-
osmotic solution at 37 �C for 45 min. After incuba-

tion, 20 ll of semen was spread on a slide. Two

hundred spermatozoa per slide were microscopically

evaluated (10009) and were classified as HOST

positive (spermatozoa with swollen or coiled tails) or

HOST negative (spermatozoa with non-swollen coiled

tails). The results were expressed as percentages.

Statistical analysis

The Statistical Analysis Systems version 9.3 (SAS

Institute Inc., 1996, Cary, N.C., U.S.A.) was used to

conduct the analysis. For the purposes of this study,

the relative changes (%) of motility, IL, ARL and

HOST positive spermatozoa between time 1 and 2 and

between time 2 and 3 were analyzed. Normality of the

data was tested using the Shapiro–Wilk Test (PROC

UNIVARIATE) and the parameters that did not follow

a normal distribution were normalized by square root

transformation. The least square means were analyzed

with a General Linear Mixed Model (PROCMIXED).

The model included the antioxidant treatment, the

freezing method and their interaction as fixed effects.

Pairwise comparisons were performed with the PDIFF

command incorporating the Tukey–Kramer adjust-

ment. Statistically significant difference was defined

as P\ 0.05.

Results

The changes of the evaluated parameters between time

1 (before cooling/freezing) and 2 (immediately after

thawing) are shown in Fig. 1. A significantly higher

reduction of motility was noticed in the fast freezing

rate compared to the slow rate (P = 0.0008) and the

LN vapors method (P = 0.03). Moreover, the relative

reduction of HOST positive spermatozoa was signif-

icantly lower in the fast freezing rate compared to the

slow rate (P = 0.04) and the LN vapors method

(P = 0.003). There was a lower reduction of intact

live spermatozoa in the slow freezing rate compared to

the remaining methods (both P\ 0.001). Addition-

ally, a higher increase of acrosome reacted live

spermatozoa was found for the slow freezing rate

method compared to the LN vapors (P\ 0.05).

The changes of the evaluated parameters between

time 2 (immediately after thawing) and 3 (3 h after

thawing at 37 �C) are shown in Fig. 2. The reduction

in sperm motility was as a tendency lower in the liquid

nitrogen vapors compared to the other methods (both

0.10\P\ 0.05). The relative reduction of HOST

positive spermatozoa was significantly higher in the

fast freezing rate compared to the other methods (both

P = 0.04). No statistical differences were noticed

between the freezing methods regarding the relative

reduction of intact live spermatozoa and the relative

increase of acrosome reacted live spermatozoa

(P = 0.32 and P = 0.19, respectively).

The addition of the antioxidants had no significant

effect on any of the evaluated parameters. Moreover,

no significant interactions between the freezing meth-

ods and the antioxidants addition were apparent.

Discussion

Two antioxidant agents and three freezing processes

for ram semen cryopreservation were tested. The

results demonstrate that the freezing method affects

ram semen quality immediately after thawing, as well

as, after incubation of thawed semen at 37 �C for 3 h.

Fiser et al. (1991) reported that spermatozoa that
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Fig. 1 Changes of the

a motility, b intact

membrane live spermatozoa

(IL), c acrosome reacted live

spermatozoa (ARL) and

d positive spermatozoa in

Hypo-osmotic swelling test

(HOST) between time 1

(before cooling/freezing)

and 2 (immediately after

thawing), after the

performance of different

freezing methods (FM) and

the addition of antioxidant

agents (AT). Slow rate:

-3 �C/min from ?5 to

-8 �C; -25 �C/min from

-8 to -130 �C; Fast rate:
-6 �C/min from ?5 to

-8 �C; -50 �C/min from

-8 to -130 �C; LN liquid

nitrogen; Data are presented

as the mean ± SEM

(*P\ 0.05, **P\ 0.01,

***P\ 0.0001)
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Fig. 2 Changes of the

a motility, b intact

membrane live spermatozoa

(IL), c acrosome reacted live

spermatozoa (ARL) and

d positive spermatozoa in

Hypo-osmotic swelling test

(HOST) between time 2

(immediately after thawing)

and 3 (3 h after thawing at

37 �C), after the
performance of different

freezing methods (FM) and

the addition of antioxidant

agents (AT). Slow rate:

-3 �C/min from ?5 to

-8 �C; -25 �C/min from

-8 to -130 �C; Fast rate:
-6 �C/min from ?5 to

-8 �C; -50 �C/min from

-8 to -130 �C; LN liquid

nitrogen; Data are presented

as the mean ± SEM

(*P\ 0.05)
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maintain their motility during incubation have higher

potential to keep their functionality into the female

genital tract, thus support fertilization. In our study,

ram semen freezing in liquid nitrogen vapors and in an

automated freezer with the application of a slow rate

protocol, displayed lower reduction of motility after

thawing compared to a fast freezing rate protocol.

However, after incubation at 37 �C for 3 h, a benefi-

cial effect was apparent only for the semen produced

using the nitrogen vapors procedure, although it was

weak. These results indicate a clear disadvantage of

the fast freezing rate method in the automated freezer.

The motility of post thaw sperm reflects the influence

of the cryopreservation process on spermatozoa’s

membranes structure, metabolism and mitochondrial

functionality. Semen motility is an essential and

frequently used parameter for the evaluation of ram

sperm’s fertilizing potential (Yániz et al. 2015). Our

results agree with a previous study that reported a

beneficial effect of a freezing rate of 5 �C/min from

?5 to -25 �C compared to a slower one (0.5 �C/min)

(Byrne et al. 2000). This beneficial effect was reflected

also in vivo, since the aforementioned freezing rate

resulted in a significantly higher pregnancy rate

(Byrne et al. 2000). Moreover, Kumar et al. (2003)

performed ram semen freezing from -5 to -50 �C in

rates of -1, -30 or -50 �C/min. They found an

improvement of post thawmotility after a freezing rate

of -50 �C/min. However, the highest acrosome

integrity was observed at -30 �C/min rate. These

results demonstrate that a careful control of the

cooling/freezing rate is essential for the recovery of

ram spermatozoa.

The assessment of sperm viability and plasma

membrane can be useful for the prediction of sperm

fertilizing ability (Rodrı́guez-Martı́nez 2003). The

freezing process induces damage of membranes and

acrosomes affecting the fertilization capacity of

spermatozoa. Resistance of spermatozoa at freezing

is related with membrane properties, such as the

phospholipid and cholesterol composition, the perme-

ability and the osmotic behavior of the membrane

(Sieme et al. 2015). Ram spermatozoa acrosomes are

susceptible to cryopreservation process and their

integrity is affected by the freezing-thawing practices

(Alcay et al. 2016). In the present study, the relative

reduction of intact live spermatozoa after thawing was

significantly lower in the slow freezing rate compared

to the other two methods. This indicates a protective

effect of this protocol in the fertilizing ability of ram

spermatozoa. However, live spermatozoa with altered

acrosomes were also higher in the slow freezing rate

method (although significantly only compared to LN

vapors method), probably because of the overall

higher population of live spermatozoa in this group.

Similar results have been reported by Gadea et al.

(2013) in goat frozen-thawed semen, who found that

the semen group with the higher percentage of viable

spermatozoa with intact acrosome showed the higher

percentage of viable spermatozoa with altered acro-

some. It is noteworthy that after 3 h of thermal

incubation no further differences were noticed

between the freezing methods regarding intact and

reacted spermatozoa. This is indicative that in the slow

rate method the live spermatozoa with altered acro-

somes did not further increase, in contrary to what

happened to the remaining groups. Thus, the sperma-

tozoa in the fast freezing and in the liquid nitrogen

method showed greater acrosomal instability during

incubation.

Concerning HOST positive spermatozoa our results

were not homogeneous across the two study time

points. After thawing, the fast freezing rate method

revealed a lower reduction of HOST positive sperma-

tozoa. However, after incubation, the slow freezing

rate and the liquid nitrogen methods performed better.

Cryopreservation exposes spermatozoa to severe

osmotic stress (Sieme et al. 2015). An optimal cooling

rate is related to the membrane permeability, which in

term is influenced by the properties of the used

cryoprotective agent and the contents and status of the

membrane (Akhoondi et al. 2011). According to Pena

et al. (2004), the responsiveness of spermatozoa to

osmotic challenge is strongly related to cryo-preserv-

ability. Moreover, the damaged ram spermatozoa are

not functional under HOST performance, so that this

test can be utilized to evaluate the quality of post thaw

ram sperm (Fukui et al. 2004). Considering that the

freezing process degrades semen characteristics and

that fertilization is a complicated and time-consuming

process which requires high quality semen, the slow

freezing rate protocol applied in this study could

enhance the fertilization potential.

It is well known that cryopreservation negatively

affects sperm by lipid peroxidation induction (Peris

et al. 2007). For this reason numerous studies have tried

to preserve semen characteristics by the addition of

antioxidants to the freezing extenders with divergent
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results. In our study, the addition of a-tocopherol and
quercetin failed to supply greater protection to sper-

matozoa, as no significant differences between groups

were observed regarding the evaluated parameters.

This is in agreement with the results of Silva et al.

(2012), who did not find any beneficial effect on ram

frozen semen after the addition of either resveratrol or

quercetin to a Tris egg yolk-glycerol extender. This

study reported no effect on progressive motility and on

plasma membrane integrity and found a reduced

mitochondrial membrane potential after the antioxi-

dant treatment. In contrast, Silva et al. (2013) reported

that the addition of vitamin E had a positive effect on

sperm plasma membrane integrity and on ram semen

progressive motility, although no effect was found on

acrosome integrity. However, in this studymuch lower

concentrations of the antioxidant substance and a

different freezing rate (-15 �C/min decrease from 5�
to -120 �C, then storage in liquid nitrogen -196 �C)
were applied. A similar to our study approachwas used

by Câmara et al. (2011), where the supplementation of

the Tris-egg yolk extender with three different antiox-

idants (glutathione, superoxide dismutase or catalase)

did not increase the total antioxidant capacity of

semen, nor enhanced the quality of the post-thaw ram

semen. Controversial results from the use of antioxi-

dants are not uncommon, although a beneficial effect is

generally expected based on their physiological prop-

erties. These results have been attributed to the studied

animal species, the concentration of the antioxidants or

even to the fact that the effect of antioxidants on sperm

function may be reversible (Desroches et al. 2005;

Gadea et al. 2013; Sikka 2004).

In conclusion, based on our results a slow freezing

rate (-3 �C/min from?5 to-8 �C;-25 �C/min from

-8 to-130 �C) provides higher motility and integrity

of the plasma membrane of Chios ram sperm post-

cryopreservation as well as after incubation. The used

antioxidant agents failed to sufficiently protect sperm

against cryopreservation stress; however, the choice of

the appropriate freezing method could contribute to

the improvement of post-thaw ram sperm quality.
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