Bull Vet Inst Pulawy 59, 85-90, 2015
DOI:10.1515/bvip-2015-0013

DE DE GRUYTER
—_ OPEN

G

Effect of selenium and vitamin E supplementation
on semen quality in dogs
with lowered fertility

Anna Domostawska', Stawomir Zdunczyk®, Wojciech Nizanski?,
Andrzej Jurczak?®, Tomasz Janowskit

!Department of Animal Reproduction with Clinic, Faculty of Veterinary Medicine,
University of Warmia and Mazury, 10-719 Olsztyn, Poland
2Department of Reproduction and Clinic for Farm Animals, Faculty of Veterinary Medicine,
Wroclaw University of Environmental and Life Sciences, 50-366 Wroclaw, Poland
anna.domoslawska@gmail.com

Received: May 30, 2014 Accepted: January 14, 2015

Abstract

Thirty clinically healthy dogs with poor semen quality were used in the study. Fifteen dogs were supplemented daily with
selenium (0.6 mg/kg organic selenium from yeast) and vitamin E (5 mg/kg) per os for 60 d. The control group (15 dogs) was not
supplemented. Semen was collected from all dogs by manual manipulation on days 0, 30, 60, and 90. The sperm concentration
and motility parameters were evaluated with a Hamilton Thorne sperm analyser, version IVOS 12.3. For the assessment of sperm
morphology, Diff-Quik stain was used. The percentage of live and dead spermatozoa was estimated on dried smears stained with
eosin-nigrosin. The concentration of spermatozoa, most motility parameters determined (PMOT, VSL, VCL, ALH, BCF,
RAPID, MEDIUM, SLOW, and STATIC), and the percentage of spermatozoa morphologically normal and live increased
significantly (P < 0.05) after 60 d of supplementation. In the control group, there were no changes in motility parameters while
the concentration and total sperm count decreased over the duration of the study. In conclusion, supplementation with selenium

and vitamin E for 60 d can improve the quality of semen in dogs with lowered fertility.
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Introduction

There is still not enough knowledge about
infertility in the male dog. It can result from several
problems including poor semen quality (6, 8, 10, 25).

Little attention is paid to proper diet for dogs that
are in their reproductive years. Deficiency in nutrition
may have a significant impact on the quality of the
ejaculate. Among the requisite nutrients, selenium is
one of the most important, which is essential for
spermatogenesis (2, 22). Selenium occurs in the
mammalian organism in the form of selenoproteins,
which  contain  selenium as  selenocysteine.
Selenoprotein P is required for selenium supply to the
testes (3, 20). An antioxidant enzyme — glutathione
peroxidase (GPx) — is the major selenoprotein in the
testes, which represents the link between selenium,
sperm quality, and fertility (2). GPx is present in canine

spermatozoa and seminal plasma and plays the main
role in the decomposition of hydrogen peroxide (19,
35). Studies on humans (26, 32), boars (18, 23, 24, 34),
bulls (37), mice (39), and turkeys (33) demonstrated an
evident connection between deficiency in selenium and
fertility.

Vitamin E plays a key role in protecting
spermatozoa against lipid peroxidation. Vitamin E
supplementation showed a beneficial effect on semen
quality in humans (36), boars (23, 24), and dogs (11).
The two antioxidants, selenium and vitamin E, act
synergistically and should be administered jointly (18,
22,23, 24).

There is a significant interest in dietary
supplements aimed at improving semen quality in
humans and animals; however, there are few studies on
canine semen quality after oral supplementation with
vitamin E alone (11) and in combination with essential
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fatty acids (5). The influence of selenium oral
supplementation on the seminal parameters in the dog
has not been investigated yet.

The aim of the study was to evaluate the effect of
selenium and vitamin E supplementation on semen
quality in male dogs with lowered fertility.

Material and Methods

The study was performed on 30 male dogs of
various breeds. All dogs were referred to our
Department of Animals Reproduction with Clinic
department because of either conception failure within
their last 2-3 matings with different bitches or a low
number of puppies delivered after mating, compared to
previous litters and typical litter size for the breed. The
age of the dogs ranged from 3 to 8 years. All males
were in good general condition with normal sexual
libido without any food changes, any diseases with
raised body temperature, or any drugs administered.
The prostate gland and testes were examined by
ultrasonography  (8.0MHz probe, MyLab30Gold,
Esaote, Italy).

The dogs in the experimental group (n = 15) were
supplemented daily by 6 pg/kg of organic selenium
from yeasts and 5 mg/kg of vitamin E (Semevet,
VetExpert®, Poland). Both compounds were
administered per os for 60 d. The preparation also
contained 50 mg of evening primrose extract. The
control group, without supplementation, consisted of 15
males which corresponded to the experimental group
of dogs in terms of age, body weight, and reproduction
season of semen collection.

Semen was collected by manual manipulation as
described by Linde-Forsberg (21) in the presence of
a teaser bitch in heat on days 0, 30, 60, and 90. The
ejaculates were collected into a prewarmed (36-38°C)
glass tubes.

Table 1. HTR-IVOS 12.3 software settings used in this study

The sperm concentration and motility parameters
were assessed with a Hamilton Thorne sperm analyser
(USA), version IVOS 12.3 (HTR-IVOS 12.3). The
software settings are shown in Table 1 (28).

Each ejaculate was diluted to 50 x 108 sperma-
tozoa/mL with Tris extender directly before analysis.
The  following  parameters  were  measured:
concentration (CONC), the percentage of motile
spermatozoa (MOT), the percentage of spermatozoa
with a progressive motility (PMOT), the velocity
average pathway (VAP), the velocity straight line
(VSL), the velocity curvilinear (VCL), the amplitude
lateral head (ALH), the beat cross frequency (BCF), the
straightness (STR), the linearity (LIN), and the motility
subcategories RAPID, MEDIUM, SLOW, and
STATIC.

The percentage of live and dead spermatozoa was
estimated on dried smears stained with eosin-nigrosin.
A monochromatic Diff-Quik stain was used for
assessing  sperm  morphology. Two  hundred
spermatozoa were evaluated per slide, representing
100%.

The results were presented as mean and standard
deviation. The sperm quality parameters were
compared between both groups using a Mann—Whitney
U test or Student’s t-test (GraphPAD PRISM, Version
4.00, GraphPad Software, USA). The level of
significance was set at P < 0.05.

Results

All dogs were clinically healthy without any
diseases or abnormalities of the genital tract.
Ultrasonography of the prostate gland and testes did not
show any pathological conditions.

The mean values of semen quality parameters on
consecutive days of examination are shown in Table 2.

Parameter Value
Chamber type Leja 4
Temperature of analysis (°C) 38.0
Fields acquired 10
Frame rate (Hz) 60
Minimum contrast 75
Minimum cell size (pixels) 6
Straightness (STR); threshold (%) 75
VAP cut-off (um/s) 9.9
Prog. min VAP (pm/s) 100.0
VSL cut-off (um/s) 20.0
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Table 2. Volume, concentration, and motility parameters of semen (mean + SD) in male dogs (n = 15) supplemented with selenium and

vitamin E and in the control group (n = 15) on days 0, 30, 60, and 90

Day 0 Day 30 Day 60 Day 90
Parameter Unit experimental control experimental control experimental control experimental ~ control
group group group group group group group group
Volume of the
ejaculate L 2.90 + 226+ 272+ 2.08 + 2.89+ 231+ 294+ 236+
m
(sperm-rich 1.29 1.23 0.98 0.95 1.12 1.19 1.05 1.01
fraction)
. 80.56 + 114.76 + 100.54 + 101.11 + 170.78 + 76.42 + 186.82 + 77.66 +
Concentration ~ x 10¢/mL
47.982 81.47% 44.42° 55.44 76.65%¢ 32.80" 62.25%% 45,76
Total sperm <105 25324+ 27815+ 28399+ 21161+ 50251+  183.09+ 56005+  192.97+
count 217.32 233.08% 180.38° 137.34 329.61%¢ 125.25% 305.250¢ 130.66"
MOT % 73.93 + 66.07 £ 76.86 £ 64.46 + 75.80 £ 6430 + 78.00 £ 58.53+
0
15.01 21.65 12.67 30.89 10.55 29.23 8.69° 26.79°
41.53 + 3493 + 51.53+ 36.84 + 55.60 + 3438 + 63.53 + 32.00 £
PMOT pm/s
20.412 20.32 14.93¢ 23.17° 0.47% 20.84° 8.24 23.32f
129.74 = 125.81 + 137.80 £ 132.03 + 144.45 + 124.81 + 144.68 + 129.45 +
VAP pum/s
31.76 25.11 21.67 21.98 14.35 14.81 13.81 26.49
112.53 + 106.72 + 127.14 £ 108.46 + 136.54 108.74 + 128.14 + 11552 +
VSL pum/s
28.712 41.96 16.85 48.43 13.33% 40.46 17.64 36.01
175.45 + 167.76 = 192.28 + 178.37 £ 198.63 + 173.54 205.16 176.91 =
VCL pum/s
45,78 18.59 32.40 19.62 28.30 22.52 24.85% 18.30f
439+ 4.88 + 470+ 533+ 481+ 491+ 5.04+ 5.02+
ALH pum
1.16° 2.17 0.91 1.63 0.81 1.79 0.74° 1.35
BCF H 17.18 = 22.54 + 21.14+ 2237+ 25.58 + 2471 £ 2755+ 26.26 £
z
7.37° 2.92 3.62° 5.14 3.64° 3.98 4,05 4.05
STR % 87.40 = 86.24 + 87.26 = 87.11 86.80 = 86.02 + 87.20 + 88.24 +
0
412 18.05 3.71 19.56 4.19 28.78 4.98 16.18
LIN % 65.73 £ 65.77 65.66 = 64.98 + 67.26 + 62.48 + 66.00 += 65.31+
0
8.12 19.99 6.27 18.18 6.11 21.46 6.18 18.19
47.00 £ 4338+ 54.53 + 48.23 62.80 + 43.00 £ 65.93 + 44.07 £
RAPID %
19.16° 26.80 14.83 25.37 9.69" 25.29° 8.50™ 25.55"
24.00 £ 21.00 + 25.73 + 21.84+ 19.06 + 2553+ 17.26 + 2584 +
MEDIUM %
6.022 12.88 6.85¢ 14.34 6.28% 16.45 5.880% 16.32°
15.66 + 21.30+ 12.33 + 16.53 + 10.86 = 17.38 + 9.66 + 17.76 =
SLOW %
8.44% 16.06f 6.84 13.61 4.40° 16.84 3.49% 12.08
12.66 + 1423 + 8.00 £ 13.30 + 7.26 14.46 + 7.13+ 12.46 +
STATIC %
10.95% 9.83 6.94¢ 8.44f 3.05" 12.75 2.78% 8.96"

The volume of the sperm-rich fraction was not
significantly differ between different days of sperm
collection, between groups, or over the duration of the
study. Concentration and total cell count of
spermatozoa increased significantly (P < 0.05) after 60
d in the supplemented group and decreased in the
control group (Table 2).

Most motility parameters determined (PMOT,
VSL, VCL, ALH, BCF, RAPID, MEDIUM, SLOW,

and STATIC) increased significantly (P < 0.05) after
one month of supplementation while they did not
change in the control group (Table 2). There were no
significant differences (P < 0.05) for MOT (Table 2),
STR, or LIN (Table 1) over the duration of the study in
the supplemented group or the control group separately
but there were distinct differences between these
groups for MOT on day 90 of the study (Table 2).
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Table 3. The percentage of live, normal, and abnormal spermatozooa and spermatozooa with major and minor defects (mean + SD) in male dog
(n = 15) supplemented with selenium und vitamin E and in the control group (n = 15) on days 0, 30, 60, and 90

Day 0 Day 30 Day 60 Day 90
Parameter
experimental control experimental control experimental control experimental control
group group group group group group group group
Live Sp(%;';’awzoa 80.26 + 71.00 + 85.20 + 61.69 = 91.93 + 61.57+ 93.06 + 59.08 +
) 11.65% 13.72% 8.05% 27.67 4,070 30.71° 3.080 29.420
(eosin-nigrosin)
Normal 70.13 + 73.62 + 74.13 + 66.29 + 80.86 + 67.00 £ 83.93 + 65.05 +
spermatozoa (%) 21.72% 13.64% 12.84 11.24 7.35° 12.17 6.14" 12.68f
Total abnormal 29.87 = 26.37 £ 2587+ 33.70 £ 19.14 £ 33.00 + 16.07 + 34.95 +
spermatozoa (%) 21.72% 13.64° 12.84 11.24 7.35¢ 12.17° 6.14% 12.68
. o 8.5+ 12.00 £ 10.83 + 20.37 + 820+ 17.66 + 7.26 £ 19.70 £
Major defects (%) 6.46 4.22° 6.19° 9.20 3.83° 7.33 2.78° 8.720
Minor defects (%) 2137+ 1437 + 15.04 1333+ 10.94 + 1533+ 8.81 + 1525+
0 17.05% 10.52f 10.69° 5.57 4.68° 8.03 4,550 6.91f

Means with a b and ¢ d — pairs of statistical differences within the row separately for supplemented and control group; means with e f — pairs of
statistical differences within the row between supplemented and control group in each day of the study

In the experimental group, the percentage of live
spermatozoa increased significantly (P < 0.05), while
the percentage of abnormal spermatozoa and
spermatozoa with minor morphological changes
significantly decreased (P < 0.05) over 60 d (Table 3).
In the control group, live and normal spermatozoa
significantly (P < 0.05) decreased in the same period
and the increase in major defects of spermatozoa was
observed.

Discussion

In the study, the sperm concentration, percentage
of spermatozoa with normal morphology, and most
evaluated motility parameters (except for MOT, VAP,
STR, and LIN) of dogs with lowered fertility were
poorer than reported for fertile dogs (6, 14, 17, 29, 30).
These dogs with lowered fertility were clinically
healthy and the cause of poor semen quality could not
be diagnosed. Testicular degeneration was assumed as
the possible cause of the poor semen quality in these
dogs, which is a common phenomenon. A variety of
causative factors, such as hormonal disturbances, heat
stress, toxins, and autoimmune disorders have been
reported (8, 10, 25).

The results obtained in this study showed that
supplementation with selenium and vitamin E for 60 d
can improve the quality of semen in dogs with lowered
fertility. Similar results were reported for humans (16,

25), boars (18, 23, 24, 34), and turkeys (33) after
supplementation with selenium and vitamin E. To our
knowledge, no studies have been carried out on the
influence of oral selenium supplementation on semen
quality in the dog.

Selenium is essential for the process of production
and maturation of spermatozoa (2, 22, 23, 24). The
function of selenium is mediated by selenoproteins,
which are structural components of the sperm midpiece
(2, 3, 20). Selenium has a positive effect (18, 23)
on the activity of the antioxidant enzyme - glutathione
peroxidase, which has been found in dog semen (19,
35). Therefore a higher resistance to oxidative stress
should be expected when selenium is provided.
A positive effect of selenium on sperm concentration
and morphology has been also reported by other
authors in men (26, 32) and various animal species (18,
23, 24, 33, 34, 37). On the contrary, some studies have
reported that there were no positive effects of selenium
supplementation on sperm quality either in humans (12,
15) or boars (13).

Most of the motility parameters in the
experimental group increased during the study,
however, there was no statistical difference in MOT,
except in five males, in which the motility was
approximately 60% of the value or less. In all dogs
with lowered fertility, the problem was not motility
intrinsically, but a low percentage of spermatozoa with
progressive matility. The ability to fertilise seems to be
strictly connected with progressive motility, which is
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dependent on velocity parameters (VAP, VSL, and
VCL) and also on ALH and BCF. These values define
movement of spermatozoa and its ability to pass
through cervical mucus and penetrate the zona pelucida
(7, 31). This was reported in humans where VCL and
BCF were higher for fertile men (9). In dogs under
supplementation, these parameters increased to values
typical of their fertile counterparts (6, 14, 17, 29, 30).
Additionally, there were found changes in speed of
spermatozoa movement, an increase in the rapid
spermatozoa population, and a decrease in the slow and
static cell population. In contrast to the experimental
group, there were no changes in the main motility
parameters (MOT, PMOT, VAP, VSL, VCL, BCF,
ALH, RAPID, MEDIUM, SLOW, and STATIC) in the
control group. The concentration and total sperm count
in the control dogs decreased during the study. This
indicates a progressive impairment of spermatogenesis
in these dogs.

An increase in motility parameters in the
experimental group also correlated with better semen
morphology. There was an increase in the percentage
of normal and live spermatozoa, which is in turn linked
to the activity of selenoprotein P. The majority of
plasma selenium is determined by this selenoprotein,
which supplies selenium for spermatogenesis and
which, if absent, blocks selenium supply and leads to
defective spermatozoa production (3, 20). In a mouse
model with low selenium diet, the reversion of a high
number of flagellar structure defects in spermatozoa
and restoration of fertility by a normal selenium diet
were demonstrated (2, 38). These observations are
similar to the results of our study, where under
supplementation a lower number of defects of sperm
flagellum was found. In counterpoint to this, a decrease
in live spermatozoa and increase in total abnormal
sperm cells were observed in the group without
supplementation.

There are only few data regarding the effect of
vitamin E supplementation on the seminal parameters
in the dog. Hatamoto et al. (11) reported that
supplementation with vitamin E increased sperm
motility, vigour, and concentration, decreased the
percentage of major sperm defects and overcame the
negative effect on semen quality induced by
dexamethasone treatment.

Vitamin E is a well-documented antioxidant,
which inhibits free radical-induced damage to sperm
cell membranes, and its oral administration led to
improvement of sperm motility and morphology (11,
24, 26). Supplementation with vitamin E significantly
decreased the concentration of malondialdehyde
(MDA), a biomarker for oxidative stress (27, 36).
Vitamin E together with selenium was more effective
in raising semen quality in boars than vitamin E
alone (23).

The preparation used also contained 50 mg of
evening primrose extract, a rich source for
polyunsaturated fatty acids (1), that are the structural

components of spermatozoon cell membranes and have
an antioxidant effect. It was shown that
supplementation with essential fatty acid together with
vitamin E significantly improved the quality of canine
ejaculate (5).

Although selenium and vitamin E are important
nutrients for good quality of semen, it should be
mentioned that their excess can cause spermatozoa
damage. High doses of selenium in the diet caused
a decrease in sperm motility in men (12). Vitamin E
at a dose 20 times higher than the daily requirement
exerted a deleterious effect on the sperm cells
of cocks (4).

In conclusion, oral supplementation with selenium
and vitamin E for 60 d significantly increased
concentration, motility, and morphological parameters
of spermatozoa in clinically healthy dogs with lowered
fertility.
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