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Introduction

There is an increasing interest for frozen canine 
semen especially with the development of dog breeding 
on an international level and the widespread of artificial 
insemination [6, 12-13]. 

Nevertheless, semen cryopreservation process, as 
generally acknowledged, impairs fertility by inducing a 
loss of sperm viability (lethal injury) and a dysfunction of 
surviving frozen-thawed spermatozoa (spz). The sub lethal 
sperm cryo-injuries are reflected by a decline of post thawing 
motility [15, 36].

In order to improve post-thawed sperm quality, freezing 
extenders have been supplemented with different treatments 
including addition of cholesterol and α-tocopherol in 
different species [2, 5, 18-19, 22-23, 25, 27, 32, 34].

Cholesterol protects cryopreserved spz mainly by 
stabilizing the plasma membrane (PM) and reducing the 
lipid phase transition temperature. The cholesterol to 
phospholipids ratio in the composition of sperm PM is 
determinant of its overall fluidity and sensitivity to cold 
shock [1, 35]. Since cholesterol is a hydrophobic molecule 
poorly soluble in aqueous semen diluents, cyclodextrins have 
been effectively used for its insertion into cell membranes. 

Cyclodextrins are cyclic heptasaccharides (consisting of 
β (1–4) glucopyranose units) with an external hydrophilic 
face and an internal hydrophobic core. They can encapsulate 
hydrophobic compounds, such as cholesterol and enhance 
their solubility in aqueous media [8]. In this respect, it 
has been reported that addition of cholesterol-loaded 
cyclodextrin (CLC) to sperm prior to cryopreservation 
improves significantly post thawed semen quality in bull 
[29], ram [23], goat [33], and stallion [25]. However at our 
knowledge, there is no previous report concerning the effects 
of CLC on dog semen cryopreservation.
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Résumé

Intérêt des cyclodextrines chargées de cholestérol et de vitamine E  dans 
la congélation de la semence canine 

Le présent travail a pour objectif d’explorer l’éventuel bénéfice d’un 
traitement avant congélation de la semence canine au cholestérol et à l’α-
tocophérol  incorporés dans les cyclodextrines. Six chiens ont été récoltés 
deux fois par semaine pour une période d’un mois. Les éjaculats individuels 
étaient mélangés par groupes de trois. Quinze mélanges de sperme ont 
été congelés sans traitement (contrôle) ou après un traitement avec 
(5mg/108spermatozoïdes) de méthyl-β-cyclodextrines-cholestérol (CLC),  
(0.1mM/108spermatozoïdes) de méthyl-β-cyclodextrines-α-tocopherol 
(TLC) et finalement l’association (v/v) des deux complexes (CLC+TLC). 
Les paramètres de mobilité ont été évalués par un analyse d’image (Sperm 
Class Analyzer, version 5.4) sur semence fraîche et à trois moments 
différents du processus de congélation-décongélation (Après traitement, 
après équilibration et 10mn après décongélation). Le traitement au TLC 
seul a montré une amélioration significative (p<0.05) des paramètres de 
mobilité après décongélation par rapport au contrôle. Cependant, une 
meilleure conservation (p<0.05) des paramètres de mobilité a été obtenue 
par l’association des deux complexes (CLC+TLC) et les valeurs de mobilité 
après décongélation étaient similaires (p>0.05) à celles obtenues sur la 
semence fraîche, notamment  pour le pourcentage des spermatozoïdes 
progressifs (PMOT) ainsi que leurs vitesses progressive moyenne (VAP) et 
linéaire (VSL). 
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Alpha-tocopherol is also an important PM protector 
expressing an anti-oxidant activity during the freezing 
thawing process that reduces lipid peroxidation [9]. It has 
been shown to be benefic during semen cryopreservation 
in bull [2, 3], ram [29], boar [14] and dog [18-19]. The 
complexation of α-tocopherol and methyl-β-cyclodextrins 
improves the solubility and the release rate of this antioxidant 
in food additives and in pharmaceutical and cosmetic product 
formulation [16, 31, 35]. But, to date there is no information 
in the literature concerning the effect of α-tocopherol –
loaded cyclodextrins (TLC) on semen motility parameters 
during the freezing-thawing process.

The present study aims to investigate the ability of CLC 
and TLC used separately and in association (TLC+ CLC) to 
preserve post-thaw motility of dog semen. The main objective 
was to explore a possible complementary protection of spz by 
this association. 

Materials and Methods

CHEMICALS

Unless otherwise noted, all reagents used were from 
Sigma–Aldrich Company (Prochima Sigma – Tlemcen, 
Algeria).

ANIMALS

Six privately owned German shepherd dogs of known 
fertility aged between 3-6 years were used as semen donors. 
The owners of the dogs included in the study provided written 
consent. All experimental procedures were carried out in 
compliance with the requirements of ethical committee of 
SAAD DAHLAB University of Blida (U.Blida1), Algeria.

SEMEN COLLECTION AND INITIAL EVALUATION

Semen was harvested by digital manipulation in a 
prewarmed tube fixed to a silicone cone as described by 
CHRISTIANSEN [4]. The 6 dogs were collected twice a week 
continuously for a period of 4 weeks. Individual ejaculates 
were pooled by groups of 3 in order to reduce individual 
variations and to obtain sufficient volumes for experimental 
treatments. Fifteen pools were used in this study. Before 
pooling, each individual ejaculate was submitted to an 
initial evaluation of sperm concentration, mass motility and 
morphology. 

Spermatozoa concentration was measured using a 
photometer calibrated for dog semen (SpermaCu®, Minitube, 
Berlin, Germany). Mass motility was evaluated using a phase 
contrast trinocular microscope (Eclipse E400, Nikon, Tokyo, 
Japan) equipped with a heated stage (37°C) and a digital 
camera connected to a monitor. It was graded from 0 to 5 
according to MILOVANOV [20] scale (0: immobile spz and 5: 
presence of waves). Sperm morphology was microscopically 
assessed as described by OETTLE [28]. Only ejaculates with 

a minimal concentration of 3.108 spz/ml, a mass motility of 3 
or more and 70% normal spz or more were included in this 
study.

SEMEN EXTENDER PREPARATION

Preparation of cyclodextrins inclusion complexes

Cholesterol loaded methyl-β-cyclodextrin (CLC) was 
prepared according to the technique reported by PURDY 
and GRAHAM [30] and α-tocopherol loaded methyl-β-
cyclodextrin (TLC) as previously described by KOONTZ et 
al., [16].

Preparation of treatment solution

Five treatment solutions were prepared in a basic diluent 
(Tris: 3.025g; citric acid: 1.7g; glucose: 1.25g) according to 
the following concentrations: 7.1mg/ml (MβCDs), 4mg/ml 
(CHL), 10.86mg/ml (CLC) and 0.92mg/ml (TCL). The fifth 
treatment consisted of a mixture of CLC and TCL solutions 
with equal proportion (v/v). The solutions were then filtered 
by syringe filter and stored at 4°C until use.

Preparation of freezing extender:

The freezing extender was composed of Tris (3.025g), 
citric acid (1.7g), glucose (1.25g), penicillin G (0.1g), 
dihydrostreptomycin (0.1g), egg yolk, glycerol and distilled 
water (100ml) with final concentrations of 4% and 20% (v/v) 
for glycerol and egg yolk, respectively. 

SEMEN PROCESSING AND TREATMENT 

Pooled semen was centrifuged at room temperature at 
600xg for 10mn and seminal plasma discarded [17]. The pellet 
was resuspended in the basic diluent to a concentration of 
4.108 spz/mL and divided into six aliquots of 0.5 ml, including 
the control sample. The control aliquot was mixed with equal 
volume of the basic diluent (void of treatment) while the five 
experimental aliquots were mixed with equal volumes of 
the five corresponding treatments and incubated for 15mn 
at 22°C. The final treatment concentrations obtained were 
3.55mg/108 spz of MβCDs, 2mg/108 spz of Cholesterol (Chl), 
5.43mg/108 spz of CLC, 0.46mg/108 spz of TCL and finally 
2.71mg CLC +0.23mg TCL per 108 spz for the association.

SEMEN DILUTION, FREEZING AND THAWING

Treated (5 tests) and untreated (control) semen was then 
diluted with the freezing extender to final concentrations of 
4 and 20% for glycerol and egg yolk, respectively and a final 
sperm cell concentration of 108cell/ml. 

Extended semen was equilibrated for 2 hrs at +4°C then 
manually filled by aspiration in 0.5ml French straws (IMV-
Technologies, Aigles, France) which were plugged with 
polyvinyl alcohol powder and frozen in liquid nitrogen 
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vapours (4 cm above the level of the liquid nitrogen) for 
10 min. The straws were then immersed vertically in liquid 
nitrogen and stored in nitrogen vats for 48 hrs before thawing.

The straws of each aliquot were thawed in water bath 
(37°C) for 1 min and maintained at room temperature for 10 
min before evaluation.

COMPUTER AIDED SEMEN ANALYSIS (CASA)

Semen computer analysis was performed using Sperm 
Class Analyzer, version 5.4 (SCA®2014, Microptic SL, 
Barcelona, Spain), previously validated for dog semen [10]. 
The analyzer includes a trinocular negative phase-contrast 
microscope (Eclipse E200, Nikon, Tokyo, Japan), a minitherm 
stage warmer (OK 51-512, Osaka, Digifred SL, Barcelona, 
Spain), a high-speed digital camera (A312fc, BaslerTM 
AG, Ahrensburg, Germany), and a computer (Intel inside®, 
Pentium® 4).

For each analysis, 5 μl of extended semen was placed 
on a pre-warmed (37°C) Makler cell chamber (Sefi Medical 
Instruments Ltd., Haifa, Israel) and allowed to settle for 
1 min on the minitherm stage warmer (37°C) before the 
analysis. Five different randomly selected microscopic fields 
were scanned for every semen sample. 

Seven parameters were measured by the SCA including  
curvilinear velocity (VCL, μm/sec), straight line velocity 
(VSL, μm/sec), average path velocity (VAP, μm/sec), the 
mean amplitude of the lateral head displacement (ALH, μm), 
the beat cross frequency (BCF, Hz), the overall percentage 
of motile spz (MOT, %) and the percentage of spz with a 
progressive motility (PMOT, %).

Motility parameters were assessed first on fresh semen, 
then at three different stages of the freezing-thawing process; 
post treatment, post equilibration and 10 min post thawing.

STATISTICAL ANALYSIS

Motility parameters were analyzed 15 times over (n=15) 
and results were expressed as means ± SEM.

For every parameter assessed, a one-way analysis of 
variance (ANOVA) was first applied for presence of any 
difference between treatment groups. 

When a difference existed, we applied a multicomparison 
using the Tukey’s range test to identify the groups that are 
significantly different.

Tukey’s test compares the means of every treatment to 
the means of every other treatment. It applies simultaneously 
to the set of all pair wise comparison, and identifies any 
difference between two means that is greater than the 
expected standard error. Statistical significance was set to 
p-value<0.05.

Results

EFFECT OF CHOLESTEROL LOADED CYCLODEXTRINS 
(CLC)

The CLC treatment was ineffective on post-thawing 
MOT, PMOT and surprisingly seemed to be associated with 
a decrease (p<0.05) of MOT compared to control (34.9±2.8 
vs. 43.2±2.5 %) (see Figure.1). However, VCL, VSL, VAP, 
and BCF parameters were significantly (p<0.05) higher than 
control with respectively the following results: 47.3±1.2 vs. 
29.2±1.8 μm/sec, 24±0.7 vs. 16.1±1.19 μm/sec, 29.7±0.7 vs. 
20.8±1.2 μm/sec and 6.0±0.1 vs. 4.8±0.2 Hz (see Figure 2). 

Comparison between CLC and cholesterol alone showed 
a significant improvement of PMOT, VAP and VSL meaning 
probably that cholesterol was solubilized by cyclodextrins 
(see Figures 1 and 2).

EFFECT OF α-TOCOPHEROL LOADED CYCLODEXTRINS 
(TLC)

The TLC treatment showed a significant (p<0.05) 
improvement of post-thaw MOT, PMOT, VCL, VSL, VAP 
and ALH with respectively the following results: 66.9±1.3 vs. 
43.2±2.5 %; 22.6±1.0 vs. 15.6±1.0 %; 64.5±1.0 vs. 29.2±1.8 
μm/sec; 24.6±0.6 vs. 16.1±1.2 μm/sec; 35.4±0.6 vs. 20.8±1.2 
μm/sec and 2.9±0.1 vs. 1.4±0.1 μm (see Figures 1 and 2).

EFFECT OF CYCLODEXTRINS ALONE (MβCD)

Cyclodextrins alone had no significant effect on most of 
post-thawing motility parameters compared to untreated 
semen (control), except a slight improvement of both VCL 
and VAP. 

EFFECT OF BOTH CLC AND TLC ASSOCIATION 

When associated together, CLC and TLC showed a 
potent improvement (p<0.05) compared to control on post-
thaw MOT (75.6±0.9 vs. 43.2±2.4 %); PMOT (36.6±1.3 
vs. 15.6±1.0 %); VCL: 59.9±0.8 vs. 29.2±1.8 μm/sec; VSL: 
31.7±0.5 vs. 16.1±1.2 μm/sec; VAP: 39.8±0.5 vs. 20.8±1.2 
μm/sec; ALH: 2.3±0.0 vs. 1.4±0.1 μm and BCF: 7.01±0.1 vs. 
4.85±0.2 Hz (see Figures 1 and 2).

Comparison between TLC treatment alone and the 
CLC+TLC association showed that MOT and PMOT were 
significantly (p<0.05) higher in the latter treatment with 
respectively the following results: 75.6±29.9 vs. 66.7±48.7 % 
and 36.6±17.6 vs. 22.6±16.3 % (see Figure 1). 

When compared to fresh semen, the association 
CLC+TLC did not differ significantly (p>0.05) for MOT, 
PMOT, VAP, VSL and BCF (see Figure 2) indicating the 
potential interest of this association.
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Figure 1: Effect of treatments on total motility (MOT) and  progressive motility (PMOT) of dog semen in fresh sample (fresh) and after thawing including the 
control  (Cntl) and treated samples with: Cyclodextrins (MβCDs), cholesterol alone (CHL), cholesterol-loaded Cyclodextrins (CLC), Tocopherol-loaded 
Cyclodextrins (TLC) or with both CLC and TLC association (CLC+TLC). Different letters indicate significant difference at (P < 0.05), (Mean ± S.E.M.), 
(n=15).

Figure 2: Effect of treatments on velocity curvilinear (VCL), velocity straight line (VSL), velocity average pathway (VAP), amplitude of lateral head displace-
ment (ALH) and beat cross frequency (BCF) of dog semen in fresh sample (Fresh) and after thawing including the control (Cntl) and treated samples with: 
Cyclodextrins (MβCDs), cholesterol alone (CHL), cholesterol-loaded Cyclodextrins (CLC), Tocopherol-loaded Cyclodextrins (TLC) or with both CLC and 
TLC association (CLC+TLC). Different letters indicate significant difference at (P < 0.05), (Mean ± S.E.M.), (n=15).
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Discussion

CLC treatment of semen before cryopreservation has 
been a subject of active research and proved to be effective 
on post thawing motility of bull [22, 29], boar [34], ram [23] 
and stallion [25-27]. We expected it to be benefic in dog as 
well, but surprisingly, our results (post thawing MOT, PMOT 
and ALH) suggested that CLC (5mg/108 spz) was ineffective 
in preserving motility.

WHITE [37] reported that the PM lipid composition is 
determinant for resistance to cold shock injury and cryogenic 
success. Spermatozoa with low level of cholesterol (i.e. 
cholesterol to phospholipids ratio) within the PM seem to be 
sensitive to cold shock (sperm of bull, ram, boar and stallion) 
and benefit from cholesterol supplementation. Animals 
with high sperm cholesterol level are likely to be cold-shock 
resistant (sperm of dog, rabbit and rainbow trout) [24, 36] 
and may not benefit from addition of cholesterol. 

This may explain the failure of CLC treatment to protect 
dog semen even after solubilization (by cyclodextrins) 
and concurs with observations reported in rabbit [21] and 
rainbow trout [26], species similar to dog. However, further 
investigations may be needed to know if added cholesterol 
incorporate or not within dog sperm PM.

Regarding the effect of Cyclodextrins alone, our results 
were in accordance with what has been previously reported 
in rabbit [21] and rainbow trout [26], but contrasted to the 
decreased post thawing motility shown in goat [7] and ram 
[23] semen. The effect of MβCD alone may be modulated by 
the content of cholesterol within the sperm PM.

Alpha-tocopherol is a hydrophobic component, unstable 
and poorly soluble in aqueous media [11, 31]. To improve 
its stability and solubility, we included the molecule in the 
internal hydrophobic core of cyclodextrins (TLC). This 
inclusion complex has been effectively used to improve 
α-tocopherol release rate in food additives and also in 
pharmaceutical and cosmetic product formulation [35]. 
At our knowledge, it has never been investigated in semen 
diluents all species considered. 

Compared to control, TLC improved significantly 
(p<0.05) all post-thawing motility parameters except for 
BCF. This beneficial effect of α-tocopherol is in accordance 
with what has been previously reported in dog [18-19], bull 
[2-3], ram [29] and boar [14] semen.

When we treated the semen prior to freezing with both 
CLC and TLC association we observed the most potent effect 
on all post thawing motility parameters. This association was 
so effective that no significant difference could be observed 
compared to fresh semen, with particular reference to 
progressive motility percentage, VSL and VAP values. These 
parameters are considered as the best indicators of semen 

quality as gametes are expressing straight line and progressive 
motility offering more success in oocytes fertilization [15]. 

The mechanisms underlying this optimal spz protection 
are not clearly identified and further studies are warranted. 
However, we could hypothesize that a synergistic action was 
probably installed and protected PM simultaneously against 
oxidative stress and cold shock [18-19, 24, 36].

In this study, semen was treated at an early stage of the 
cryopreservation process (i.e. right after resuspending by 
incubation at 22°C for only 15 min). The treatment proved to 
be effective under these conditions offering the opportunity 
of a simple, short and precocious procedure that may be 
easily integrated to cryopreservation protocols. 

In conclusion, treating dog semen prior to freezing with 
cholesterol and α-tocopherol (loaded into cyclodextrins) 
appeared to be effective in preserving the post thawing 
motility. 
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