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Abstract
Background: Manipulating the dietary fatty acid (FA) content can alter FA profiles of
reproductive tissues. Numerous researchers have evaluated the effect of fish oil (FO) sup-
plementation on reproductive characteristics in domestic animals, but reliable informa-
tion concerning dietary FO effects on semen quality and testosterone concentrations in
dogs has not been reported. Therefore, this study evaluated the effects of dietary FO on
semen quality and serum testosterone concentrations in dogs.

Materials and Methods: In this cross-over experimental study, 5 male dogs consumed
either a control diet or the same diet supplemented with 54 mg FO/kg metabolic body
weight (BW) for 120 days. After the 120-day wash-out period, control (C) dogs received
FO and FO-fed dogs consumed the control diet. In the first period, 2 dogs were allocated
to the FO group and 3 to the C group. In the second period, 3 dogs were allocated to the
FO group and 2 to the C group. Semen samples collected on days 0, 60, 90 and 120 were
evaluated by standard methods. Day 120 semen samples were analyzed for FA profiles.
Blood samples were collected on days 0, 30, 60, 90 and 120 to measure serum testoster-
one concentrations. Data were analyzed by analysis of variance with repeated measures
using the Mixed Models procedure of SAS (version 9.0, SAS Institute Inc., Cary, NC,
USA). Animals and period of time (first or second 120 days) were random variables; and
treatment, time, and the treatment by time interaction were considered fixed effects.

Results: FO supplementation increased the percentage of motile sperm (P=0.02), total
sperm count (P<0.01), total sperm viability (P<0.01), and total morphologically normal
sperm (P<0.01). Supplementation decreased the percentage of viable sperm (P=0.03) and
serum testosterone concentration (P<0.01). FO supplementation also increased the per-
centage of arachidonic acid, eicosapentaenoic acid, (EPA) and total n-3 in semen samples
(P<0.05).

Conclusion: These results are consistent with the concept that long-term FO supplemen-
tation influences semen quality and testosterone concentrations in dogs by altering semen
FA profiles.
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ductive parameters in domestic animals. They
reported improved sperm motility and decreased
morphologically abnormal sperm in boars (2),
increased fertility in turkeys (3), and attenuated
seasonal declines in semen quality and increased
total sperm count in rams (4). However, other
studies conducted in boars showed that dietary FO
had no effect on semen quality (5, 6). FO supple-
mentation in turkeys had no effect on sperm motil-
ity and sperm viability compared with the control
group (7). Other studies reported changes in sperm
FA profiles by FO supplementation in boars (5)
and rams (4).

Testosterone is a hormone essential for sper-
matogenesis and male fertility (8). This hor-
mone acts synergistically with both luteinizing
hormone and follicle stimulating hormone to in-
crease spermatogenesis efficiency and fertility.
Reports vary on the effect of FO supplementation
on testosterone concentrations in different spe-
cies. FO supplementation has been shown to in-
crease testosterone concentrations in rats (9) and
rams but decreased testosterone concentrations in
boars (10).

To our knowledge, there are no studies that have
specifically evaluated sperm parameters and serum
testosterone concentrations in dogs that received
FO supplements. Therefore, the present study
evaluated the effects of dietary FO that contained
n-3 FA on semen quality and serum testosterone
concentrations in dogs. We hypothesized that FO
supplementation would improve semen quality
and increase serum testosterone in dogs.

Materials and Methods
Animals and treatments

The study was approved by the Institutional Ani-
mal Care and Use Committee (IACUC, Number
34-1-13) of the School of Veterinary Sciences,
National University of La Plata, Buenos Aires, Ar-
gentina.

All dogs started the study at the same time. One
month before the study, the dogs consumed com-
mercial balanced food (Table 1) and were trained
for semen collection, performed by manual stimu-
lation twice per week. We chose the study dogs
according to age, body condition and a complete
medical record (history, clinical visit and clinical
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examination). As complementary methods, the
dogs underwent routine blood and chemical tests,
along with semen evaluations.

Table 1: Nutrient composition of commercial feed

Ingredient Dry matter (%)
Protein 30.04

Fat 15.02

Fiber 1.72

Ash 7.83

Calcium 1.50

Phosporus 1.07

Mineral and vitamins Mix"  0.048

*; Concentration according to manufacturer information: con-
tains 12.39% Vitamin E, 0.20% Vitamin K, 0.82% Vitamin B1,
0.82% Vitamin B2, 0.82% Vitamin B6, 0.0004 Vitamin B12, 0.12%
Acid Folic, 0.10% Acid Nicotinic, 2.06% Calcium Pantothenate,
0.02% Biotin, 82.61% Colin, 0.01% copper, 0.01% iron, 0.02%
zinc, 0.003% iodine, 0.01% manganese and 0.0002% of selenium
in the mineral and vitamin nucleus.

This cross-over, controlled experimental trial stud-
ied 5 healthy privately owned mixed-breed dogs, 2
to 5 years of age, that weighed 17.9 +3.10 kg, with
body condition scores of 3 inona 1 to 5 scale (11).
Before the study, semen characteristics of all dogs
were within normal limits with sperm concentra-
tion>200%10%ml, sperm motility>70%, sperm pro-
gressive motility>70%, sperm viability>80%, and
morphologically abnormal sperm<20% (12). Dogs
were randomly assigned to two groups, control (C)
and FO. The C group only received a control diet for
120 days, whereas the FO group received the con-
trol diet plus 54 mg FO/kg of metabolic body weight
(BW®7) for 120 days. This dose was supplemented
orally within an enteric-coated capsule. The dura-
tion of each period was to comprise two complete
cycles of spermatogenesis (13). In the first period, 2
dogs were allocated to the FO group and 3 to the C
group. In the second period, 3 dogs were allocated
to the FO group and 2 to the C group. Finally, to
avoid any carry-over effects, we included a 120-day
wash-out period between treatments during which all
dogs received the control diet. This time allowed for
a complete FA wash-out as described previously by
Cao et al. (14).

The dogs were kept in the owners” homes dur-
ing the study. The owners signed a written consent
before the experiment and agreed to feed either the
commercial balanced food provided (C) or the com-
mercial balanced food with the supplement (FO).



Water was allowed on an ad libitum basis. Daily
rations were controlled according to the daily main-
tenance requirements. Maintenance energy require-
ments (MERs) were calculated based on the formula:
MER=[130 X (BW)"7] (15).

Semen collection and evaluation

Semen was collected by manual stimulation.
After collection, semen volume was determined
in the spermatic fraction using a graduated tube.
Sperm concentration (10%/ml) was determined us-
ing a Neubauer chamber, followed by a calculation
of the total sperm count (volumexconcentration).
Subjective vigor, defined as the linearity and qual-
ity of spermatic movement, was evaluated with a
0 to 5 score as described previously by da Rocha
et al. (16). The percentages of motile sperm and
progressive motility were evaluated on a drop of
semen placed between a slide and cover glass on
a heated stage and visualized by light microscopy
at x400 magnification in 10 fields. Sperm with
normal morphology were evaluated in samples
stained with Rose Bengal under optical micros-
copy at x1000 (17); afterwards, we calculated the
number of total morphologically normal sperm (to-
tal sperm countxpercentage of sperm with normal
morphology). The percentage of sperm viability
was evaluated after supravital staining with eosin-
nigrosin; then, total sperm viability was calculated
(total sperm countxpercentage of sperm viability).
All evaluations were performed in duplicate and
we counted 200 sperm cells.

Testosterone measurement

We obtained blood samples by peripheral veni-
puncture at 0, 20, 40, 60, 80, 100 and 120 minutes,
beginning at 09:00 on days 0, 30, 60, 90 and 120
of each period. This 2 hour window for each day
was used to buffer the changes in serum testoster-
one concentrations. The average serum testosterone
concentration for this 2 hour window was used in
the statistical analysis. To reduce potential damage
in successive blood extractions, we used different
veins (cephalic, saphenous and right and left jugu-
lar). Blood was centrifuged at 1400 x g for 5 minutes
and serum was harvested and stored frozen at -18°C
until analysis. Testosterone was determined by elec-
trochemiluminescence (Elecsys®, Cobas®, West
Sussex, England), as previously validated in dogs by
Garcia Romero et al. (18).
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Feed analysis

Feed was pooled and analyzed for dry matter
(80°C for 48 hours), neutral detergent fiber (NDF,
Ankom?200 Fiber Analyzer, ANKOM Technology,
Fairport, NY), crude protein (CP, Kjeldahl N x
6.25), lipids (Ether extract, XT101 ANKOM Tech-
nology Method 2) and ash (Table 1) (19).

Lipid analysis of feed, fish oil and spermatic
fraction

We analyzed a pool of feed and supplemental FO
to evaluate the FA profile (Table 2). Semen sam-
ples for lipid analysis were collected on days 120
of each period and stored at -80°C until analysis.

Table 2: Fatty acid profile (%) of commercial feed and fish oil

Fatty acid Commercial feed Fish oil
Tetradecanoic (14:0) 0.8 5.8
Palmitic (16:0) 19.6 24
Palmitoleic (16:1) 2.9 10.1
Stearic (18:0) 4.7 34
Oleic (18:1 n-9) 25.7 22.3
Vaccenic (18:1 n-7) - 33
Linoleic (18:2 n-6) 38.1 2
Gamma-linolenic (18:3n-6) 1.4 -
Alpha-linolenic (18:3 n-3) 4.0 1.1
Eicosenoic (20:1 n-9) 0.1 2.5
Dihomo-gamma-linolenic 02 B
(20:3 n-6)

Eicosatrienoic (20:3 n-3) 0.4 -
Arachidonic (20:4 n-6) 1.4 1
Eicosatetraenoic (20:4 n-3) - 0.8
Eicosapentaenoic (20:5n-3) 0.1 7.6
Docosapentaenoic (22:5n-6) 0.2 -
Docosapentaenoic (22:5n-3) 0.2 1.2
Docosahexaenoic (22:6n-3) 0.2 14.9
> SFA 25.1 332
¥ MUFA 28.7 38.2
¥ PUFA 46.2 28.6
¥ n-6 413 3

¥ n-3 4.9 25.6

SFA; Saturated fatty acids, MUFA; Monounsaturated fatty acids,
PUFA; Polyunsaturated fatty acids, n-6; Omega 6, and n-3; Omega 3.

Samples for lipid extraction were analyzed fol-
lowing the method described by Folch et al. (20).

Int J Fertil Steril, Vol 10, No 2, Jul-Sep 2016 225



Risso et al.

Once lipids were obtained, they were saponified
with potassium hydroxide dissolved in ethanol for
45 minutes at 80°C, then acidified with a 0.5 ml
hydrochloric acid concentrate. The acids were es-
terified with boron trifluoride at 64°C for 1.5 hours.
FA composition was determined by gas liquid
chromatography with a 30 mm capillary column
(Omega Wax 250, Supelco, Bellefonte, PA, USA).
Temperature was programmed for a linear increase
of 3°C per minute from 175 to 230°C. The chro-
matographed peaks were identified by comparing
their retention times with standards.

Statistical analysis

We used a cross-over design with repeated meas-
ures in time. Each individual dog was considered
an experimental unit. Data were analyzed with the
PROC MIXED of SAS (version 9.0, SAS Institute
Inc., Cary, NC, USA). The linear mixed model in-
cluded the random effect of dogs, the period of the
cross-over design, the fixed effect of time (0 vs. 30
vs. 60 vs. 90 vs. 120 days), treatment (C vs. FO), and
time by treatment interaction. The interaction be-
tween treatment and period of the cross-over design
was also included. The slice option of SAS was used

to detect the time points when significant differences
in the time by treatment interaction occurred when
the interaction was significant. For semen FA pro-
files, we used only one time point. Therefore, time
effect and interaction with treatment were removed
from the model.

Data are represented as least square means
(LSM) =+ the standard error of the means (SEM).
For the main effects (time or treatment) the alpha
level of significance was set at P<0.05 and P<0.1
was considered a tendency. For the interaction of
the main effect (time by treatment) P<0.1 was con-
sidered statistically significant (21, 22).

Results
Semen evaluation

FO supplementation increased the percentage of
motile sperm (P=0.02), total sperm count (P<0.01),
total sperm viability (P<0.01), and total morpho-
logically normal sperm (P<0.01). FO supplemen-
tation decreased the percentage of sperm viability
(P=0.03). There was a trend (P=0.09) for an in-
crease in the percentage of morphologically normal
sperm (Table 3).

Table 3: Effect of fish oil supplementation for 120 days on semen characteristics in five male dogs in the control (C, n=5) and fish oil (FO,

n=5) groups
Day 0 Day 60 Day 90 Day 120 SEM  Pvalue Time FOx
time
C FO C FO C FO C FO
(S;r]‘)len""lume 142 1.40 132 174 1.68 1.70 1.50  1.90 032 0367 0509 0.842
?ﬁg’)“l“pem 88.00 90.50 90.00 93.00 88.00 93.33  89.00 92.00 339 0.2 0914  0.940
Sperm progres-  ¢c 50 8300  §9.00 89.00 8600 91.66 8500 92.00 484  0.198 0486 0.143
sive motility (%)
Vigor 45 43 45 4.4 45 4.4 4.5 4.4 0.10  0.178  0.879 0.900
zgffr‘llts(%l;‘;’ 399.80 439.60 40490 110520 649.00 1212.00 511.40 1361.00 296.45 <001  0.001 0.020
Total spermvi- 3307 37938 32243 806.64 549.10 90440 41930 96323 26797 <001  0.017 0.076
ability (10°)
%zﬁ)’““mb‘“ty 83.60 84.60 82.00 7600 83.00 72.13  81.00 7140 331 0.3 0.030 0.458
Total morpho-
logically normal  311.94 37672 295.00 84325 541.67 104256 433.80 1099.60 23450 <001  0.005 0.020
sperm (10°)
Morphologically
normal sperm 79.40  84.00 73.00 78.60 83.00 8725  81.00 81.00 329  0.09 0.141  0.768
(%)

C; Receiving only the control diet for 120 days and FO; Receiving 13.8 mg of n-3 from fish oil/kg of metabolic weight for 120 days.
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There was a time by treatment effect on to-
tal sperm count (P=0.02, Fig.1), total sperm
viability (P=0.076, trend, Fig.2), and to-

Sperm Parameters and Serum Testosterone in Dogs

Fig.3). Conversely, we observed no effects of
FO supplementation on semen volume, sperm
progressive motility, and vigor (P>0.10,

tal morphologically normal sperm (P=0.02, Table 3).
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Fig.1: Effect of fish oil supplementation for 120 days on total sperm count in five male dogs in the control (C, n = 5) and fish oil groups (FO, n =5).
*. P=0.02, C; Receiving a control diet during 120 days and FO; Receiving 13.8 mg of n-3 from fish oil/kg of metabolic weight for 120 days.
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Fig.2: Effect of fish oil supplementation for 120 days on total sperm viability in five male dogs in the control (C, n=5) and fish oil groups (FO, n=5).
*; P=0.076, C; Receiving a control diet during 120 days and FO; Receiving 13.8 mg of n-3 from fish oil/kg of metabolic weight for 120 days.
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Fig.3: Effect of fish oil supplementation for 120 days on total morphologically normal sperm in five male dogs in the control (C, n=5) and

fish oil groups (FO, n=5).

*; P=0.02, C; Receiving a control diet during 120 days and FO; Receiving 13.8 mg of n-3 from fish oil/kg of metabolic weight for 120 days.
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Testosterone concentration

There was a time by treatment effect on serum
testosterone concentrations (P<0.01, Fig.4). Both
groups had similar serum testosterone concentra-
tions on day 0 (4.8 + 0.3 ng/ml). In C dogs, these
concentrations did not change with time, whereas
in FO dogs they decreased on day 30 (1.31 £ 0.3
ng/ml) and remained low on days 60 (1.84 £ 0.5
ng/ml), 90 (1.20 + 0.3), and 120 (0.89 £ 0.3).

Fatty acid profiles of semen samples

Dogs supplemented with FO had greater semen
FA concentration of arachidonic acid (AA, AA
20:4 n-6, P=0.01), EPA (20:5 n-3, P=0.02) and to-
tal n-3 (P=0.05, Table 4). Despite the increase of
arachidonic acid (AA 20:4 n-6) in FO dogs, the
ratio n-6/n-3 tended (P=0.09) to be smaller com-
pared with C dogs. FO dogs tended to have high-
er DHA (22:6 n-3, P=0.09) and palmitoleic acid

(16:1 n-7, P=0.07) but lower bosseopentaenoic
acid (20:5 n-6, P=0.06) levels than C dogs.

—C— Control
—o— Fish oil

Serum testosterone (ng/ml)

0 30 60 90 120
Days

Fig.4: Effect of fish oil supplementation for 120 days on serum
testosterone concentration in five male dogs in the control (C,
n=5) and fish oil groups (FO, n=5).

*; P<0.05, C; Receiving a control diet during 120 days and FO; Receiv-
ing 13.8 mg of n-3 from fish oil/kg of metabolic weight for 120 days.

Table 4: Fatty acid composition (LSM + SEM) of semen samples from five male dogs in the control (C, n=5) and fish oil (FO, n=5) groups at

the end (120 days) of the experiment

Fatty acid

Day 120
C FO SEM Pvalue

Tetradecanoic (14:0)
Palmitic (16:0)

Palmitoleic (16:1 n-7)
Stearic (18:0)

Oleic (18:1 n-9)

Vaccenic (18:1 n-7)
Linoleic (18:2 n-6)
Eicosenoic (20:1 n-9)
Eicosatrienoic (20:3 n-6)
Arachidonic (20:4 n-6)
Eicosapentaenoic (20:5 n-3)
Bosseopentaenoic (20:5 n-6)
Docosapentaenoic (22:5 n-6)
Docosahexaenoic (22:6 n-3)
> SFA

¥ MUFA

¥ PUFA

2 n-6

Xn-3

n-6/n-3 ratio

.55  1.81  0.11 0.155
32.80 3127 0.67 0.15
1.29 2,00 023 0.07
13.85 1395 0.61 0.90
734 792 090 0.66
342 339 032 093
395 523 064 021
099 045 046 044
208 212 020 0.89
502 737 051 0.01
036 051  0.03 0.02
301 253 0.15 0.06
20.20 16.53 144 0.11
390 478 032 0.09
4779 4725 092  0.69
1336 1391 144 0.79
38.66 38.83 1.38 093
3420 3353 128 0.71
428 530 032 0.05
826 641 068 0.09

LSM; Least squares means, SFA; Saturated fatty acids, MUFA; Monounsaturated fatty acids, PUFA; Polyunsaturated fatty acid, C; Control, and FO; Fish oil.
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Discussion

The present study assessed the effects of FO
supplementation on semen quality and serum
testosterone concentrations in dogs. We hypoth-
esized that FO supplementation improved semen
quality and increased serum testosterone in dogs.
In agreement with our hypothesis, FO supple-
mentation improved their semen characteristics.
This finding supported results from previous
studies conducted in other species such as pigs
(2), turkeys (3) and rams (4), in which FO sup-
plementation improved semen quality.

This improvement could be due to changes in
the sperm phospholipid FA profile (2) due to an
increase in n-3 FAs (23). The higher flexibility in
the sperm membrane produced by the increase in
n-3 FAs might improve the characteristic flagellar
motion of sperm (24). Samadian et al. (4) also
mentioned that dietary FO supplementation pro-
duced changes in the EPA precursors that might
be relevant to the alterations in semen quality. In
a previous report on dogs by da Rocha et al. (16),
daily supplementation with a blend of FAs (n-
3, omega 6 and omega 9) together with vitamin
E, increased sperm concentration, volume and
vigor, and decreased morphologically abnormal
sperm. In the current study, we found no effects
of FO on semen volume or vigor. This discrep-
ancy might be due to the FA blend and the doses
of omega and vitamin E used in the former work.
In our study, the effect of FO supplementation on
semen characteristics could be attributed to the
changes in the semen FA profile. Furthermore,
the absence of antioxidant supplementation in FO
dogs could have influenced the results. Despite
the greater number of viable sperm in FO dogs,
we observed a higher percentage of viable sperm
in C dogs. The decrease in percentage of viable
sperm might be due to the lack of extra antioxi-
dants in FO dogs.

A previous report (10) has stated that the inclu-
sion of vitamin E as an antioxidant may be needed
in conjunction with polyunsaturated fatty acids
(PUFAs) supplementation in the diet. If antioxi-
dants are not present in an adequate concentra-
tion, cellular membrane PUFAs can be oxidized
and produce free radicals (25). On the other hand,
in our study we have detected a time by treatment
effect on total sperm count and total morphologi-

Sperm Parameters and Serum Testosterone in Dogs

cally normal sperm, along with a trend on total
sperm viability on day 60 and during the length
of the study. The increase in total sperm count
might be due to the effect of FO supplementation.
According to evidence in rams, FO, as a source of
n-3, increased sperm concentration. This increase
was due to an acceleration of spermatogenesis.
It has been suggested that n-3 FA play an impor-
tant role on the development of functional sperm
(4). Conversely, some studies in boars showed no
effects of FO on semen quality or fertility (10).
As mentioned above, differences among studies
could be due to the species, breed, sources of FA
supplements, supplementation period, season,
husbandry practices or semen handling proce-
dures (10, 26, 27). In the current experiment, we
evaluated the total FA in semen. FO supplemen-
tation increased total n-3 FA in semen samples
of FO dogs. The increase in semen EPA concen-
tration might be due to the EPA concentration in
FO. During the C and the FO treatment periods,
dogs received on average 8.84 mg and 16.72 mg
DHA per kg BWO0.75, respectively (8.84 mg die-
tary and 7.88 mg from the supplement). Although
FO dogs received almost a double amount of
DHA compared to C dogs, there were no signifi-
cant DHA differences in semen samples in either
group, even though we observed a tendency to
increase in FO dogs. This non-significant numeri-
cal difference might be due to the high variability
of DHA in semen or to changes in the efficiency
of absorption and utilization of DHA; however,
a clear conclusion could not be drawn from the
current experiment. Although an unexpected in-
crease occurred in semen AA in FO dogs, we
could not explain the physiological mechanism
for such an increase, mainly because the AA on
the supplement was only 1%.

Contrary to our expectations, FO supplementa-
tion decreased serum testosterone concentrations.
To our knowledge, this was the first study which
described the effect of supplementation with FO
that contained n-3 on serum testosterone in dogs.
Previous findings in rats (9), humans (28) and boars
(10) showed some discrepancies on the effect of
n-3 FA supplementation on testosterone concen-
tration. In rats, an association existed between the
increase in testosterone concentration after FO
supplementation with changes in the number of
luteinizing hormone receptors due to the modifi-
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cation of the lipid composition of the Leydig cell
membrane (9). Conversely, in humans (28), boars
(10) and fish (29), the decrease in testosterone con-
centrations was related to changes in the synthesis
of prostaglandin series 2 to series 3 and the inhibi-
tion of prostaglandin formation from AA by EPA/
DHA treatment. On the other hand PUFAs might
alter the function of transcription factors that con-
trol gene expression such as the peroxisome pro-
liferator activated receptors and affect cellular
concentrations of enzymes that regulate both pros-
taglandin and synthesis of steroids pathways (30).
Castellano et al. (10) suggested that variations in
the testosterone response to n-3 supplementation
might be related to large variations in the type
and quantity of n-3 FAs in the diet, to the duration
of the supplementation period, and to the animal
model used. Based on our results and those from
Castellano et al. (10), we assumed that differences
could also be due to the total dietary amount of
EPA or DHA. In the current experiment, the lack
of additional antioxidants in FO dogs could have
altered the serum concentration of testosterone due
to alterations in the synthesis of steroids (31).

Further studies are needed to understand the
mechanism whereby FO (EPA or DHA) decreases
serum testosterone concentration in dogs. Also,
there is a need for studies that compare and ex-
plain the biology of different responses to FO sup-
plementation among species.

Conclusion

Long-term FO supplementation for 120 days might
influence semen quality and serum testosterone con-
centrations in dogs by altering the semen FA profile.
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