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The addition of melatonin in seminal extenders due to its antioxidant properties and

its beneficial role in sperm preservation has been previously described, especially in

seasonal species. The aim of this study was to study a potential seasonal effect based

on photoperiod duration when adding a physiological concentration of melatonin in the

canine ejaculate. A total of 24 ejaculates were obtained from 10 healthy dogs during

the increasing photoperiod (from December 21 to June 21), whereas 12 ejaculates

were collected from five healthy individuals during the decreasing photoperiod (from

June 22 to December 20). Each ejaculate was separated into two aliquots, and one

of them remained as a control, whereas melatonin (100 pM) was added to the other

one (C and M treatment groups, respectively). Diluted semen was refrigerated at 5◦C.

On days 0, 1, 2, 3, and 6, sperm motility analyses were performed using a CASA

system and hypoosmotic swelling test (HOST), osmotic resistance test (ORT), and flow

cytometry analysis. No effect of melatonin on motility was detected in either photoperiod.

Negative effects of melatonin were found for acrosomal defects, apoptosis, and viability

in the decreasing photoperiod. The addition of melatonin to sperm in the decreasing

photoperiod could create such a high level that it would cause the described negative

effects. We found a beneficial effect of melatonin in the increasing photoperiod on

acrosomal defects and apoptosis during 0–6 days. Melatonin treatment also increased

viability in the short term (days 1 and 2) for both photoperiods. Also, melatonin can

provide certain beneficial effects on mitochondrial activity in the medium term (days 2

and 3) in the decreasing photoperiod.

Keywords: photoperiod, melatonin supplementation, antioxidant, chilled dog semen, quality

INTRODUCTION

Melatonin (N-acetyl-5-methoxytryptamine) is a lipophilic molecule synthesized from the
tryptophan amino acid and detected in vertebrates, invertebrates, bacteria, unicellular organisms,
and even plants (1). This endogenous neurohormone is mainly produced by the pineal gland. As
well known, it regulates the circadian clock, immunological enhancement, sexual behavior, and
seasonal reproduction in animals (2, 3), being that its secretion is regulated by the light/dark
cycle (4).
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However, melatonin is also synthesized by other organs,
such as the cerebellum, retina, skin, gastrointestinal cells,
Harder’s gland, thymus, mononuclear peripheral cells, placenta,
ovary, testes, bone marrow, liver, hippocampus, and platelets
(1, 5). Therefore, it accomplishes other biological functions
(immunomodulation, anti-inflammatory, and antioxidant
activities) (6, 7). Melatonin shows antioxidant activity and
free radical scavenging ability (8) and stimulates the activity
of antioxidant enzymes (superoxide dismutase, glutathione
peroxidase, and catalase) (7, 9).

Melatonin and melatonin receptors (MT1 and MT2) are
universally distributed in the reproductive systems of mammals;
it has been suggested that these receptors in spermatozoa may
be related to protection against oxidative damage rather than
seasonal reproduction (10). Hence, melatonin has been widely
used as a potent antioxidant for semen cryopreservation in
mammals (11).

In dogs, both freezing–thawing and long-term cold storage
harm spermatozoa (12), and oxidative stress (excessive
accumulation of the unscavenged free oxygen and nitrogen
radicals) is the main cause of this damage (13). The protective
effect of melatonin is species-specific, and even individual
factors may play a role (14). On the contrary, the negative effect
of excess melatonin concentration on spermatozoa has been
described (15). Recently, several studies have observed the effect
of melatonin supplementation on canine semen quality using
several melatonin concentrations, e.g., 0.0005–0.0035 mol/L
(16) and 0.5–2mM (17). However, no reference to potential
seasonal effects was made. The mean melatonin concentration in
canine ejaculate was 6.06 ± 2.28 pg/ml, but with large individual
variation independent of breed and age, being that it has a
maximum value of 29 pg/ml; these data came from seven dogs
whose individual semen samples were collected between March
and June (10). Therefore, the objective of this study was to study
a new factor in the variability of melatonin effects on canine
semen quality: a potential seasonal effect based on photoperiod
duration with a melatonin dose close to the physiological
concentration of the ejaculate of a dog.

MATERIALS AND METHODS

Sperm Collection
A total of 24 ejaculates were obtained from 10 healthy dogs
(two ejaculates from each of the eight dogs and four ejaculates
from each of the two dogs), during the increasing photoperiod
(from December 21 to June 21), whereas 12 ejaculates were
collected from five healthy individuals during the decreasing
photoperiod (from June 22 to December 20; two ejaculates from
each of the four dogs and four ejaculates from one dog). All of
them were living in Zaragoza (Northeastern Spain: 41◦39’21.8”
N 0◦52.64’ W). The dogs belonged to private owners, including
seven purebreds (Beagle: 1; French Bullgdog: 2; Border Collie:
2; Labrador Retriever: 1; and Golden Retriever:1) and eight
mongrels, with a mean age of 2.7± 3.5 years.

Two dogs employed to collect semen during the decreasing
photoperiod were from the same group of ten dogs employed
during the increasing photoperiod (two ejaculates from one

of them and four ejaculates from the other one for both
photoperiods). Ideally, a single set of dogs should have been
studied at both photoperiods; a paired test should have
been applied, where each individual would act as its own
control, thus increasing the test power. Unfortunately, only
two dogs studied in increasing photoperiod were available in
decreasing photoperiod; therefore, both experiences were treated
as independent.

Ejaculate was obtained by manual masturbation, separating
the three fractions. Only the second rich fraction was used for the
experiment, which was diluted with the non-commercial diluent
Tris-fructose-egg yolk extender (18). The inclusion criterion was
that the ejaculate had a total motility ≥70% with a percentage of
abnormal forms ≤30%.

All procedures in these experiments were conducted
consistently with the precepts of animal welfare and approved
by the Committee of Ethics in Animal Experimentation of
Universidad de Zaragoza (Protocol No. PI09/21NE). Written
informed consent was obtained from the owners for the
participation of their animals in this study.

Sperm Sample Treatments
On the extraction day (day 0), an initial analysis of semen quality
was carried out, based on the parameters described below. Then,
each ejaculate was separated into two aliquots: One of them
remained as the control, while melatonin was added to the other
one (C and M treatment groups, respectively).

Semen doses were supplemented with 100 pM (23.11
picograms/ml) of melatonin (Sigma-Aldrich) and then preserved
for 7 days at 5◦C. Another aliquot was maintained in the
same conditions with no added melatonin (control sample). To
evaluate sperm quality, several parameters, including viability,
mitochondrial potential, acrosome integrity, and early apoptosis
by flow cytometry and motility by the CASA system, were
analyzed at 1, 2, 3, and 6 days.

Sperm Motility Analysis
Motility kinematics parameters underwent computer-assisted
measurement using a CASA system (ISAS 1.0.4; Proiser SL,
Valencia, Spain) with a video camera mounted on a microscope
(Nikon Eclipse 50i; Nikon, Tokyo, Japan) equipped with a
10× negative-phase contrast lens and a 10× projection ocular.
Aliquots of 1ml were warmed up for 5min at 37◦C. Samples
(6 µl) were placed between prewarmed slides and coverslips
and maintained at 37◦C during analysis by a heated slide
holder. From a single field, 10 consecutive digitalized images
were analyzed.

The following motion characteristics were compared between
the control and treated groups: the percentage of total motile
(TM) and progressive motile (PM) spermatozoa; curvilinear
velocity (VCL), the mean path velocity of the sperm head along
its actual trajectory (µm/s); linear velocity (VSL), the mean path
velocity of the sperm head along a straight line from its first
to last position (µm/s); mean velocity (VAP), the mean velocity
of the sperm head along its average trajectory (µm/s); linearity
coefficient (LIN: VSL/VCL) × 100 (%); straightness coefficient
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TABLE 1 | Results from CASA motility parameters from semen samples collected in increasing photoperiod during a cold storage period of 6 days.

Parameter N/group Group Day 0 Day 1 Day 2 Day 3 Day 6

TM (%) 19 C 88.3 ±9.66a 89.3 ± 7.371a 85.9 ±9.631a 85.9 ±9.471a 85.0 ± 13.251a

M 85.8 ± 13.511a 86.1 ±10.391a 85.1 ±13.431a 84.7 ± 12.801a

PM (%) 24 C 57.8 ±18.80a 47.9 ± 21.281a 53.0 ±19.181a 55.3 ±20.951a 49.3 ± 28.361a

M 51.6 ± 24.001a 54.9 ±20.391a 57.7 ±20.961a 48.1 ± 21.631a

VAP (µm/s) 24 C 46.1 ±23.46a 49.2 ± 24.771a 50.0 ±23.941a 46.4 ±21.711a 42.2 ± 22.951a

M 48.7 ± 22.131a 48.7 ±23.751a 43.8 ±21.281a 36.9 ± 16.041a

VCL (µm/s) 24 C 65.4 ±33.11a 68.9 ± 36.511a 67.5 ±34.811a 65.6 ±32.681a 58.6 ± 34.071a

M 65.6 ± 30.121a 65.9 ±32.861a 59.3 ±28.021a 50.3 ± 24.511a

VSL (µm/s) 24 C 30.5 ±18.05a 34.0 ± 17.171a 34.8 ±17.901a 32.4 ±16.111a 29.91 ± 16.231a

M 35.1 ± 17.051a 34.9 ±19.151a 32.2 ±17.811a 27.0 ± 12.281a

STR (VSL/VAP, %) 23 C 65.4 ±10.14a 71.3 ± 11.751b 70.2 ±9.211ab 70.4 ±8.771ab 71.4 ± 8.701b

M 71.8 ± 9.701b 71.0 ±12.131ab 72.4 ±11.721ab 73.1 ± 9.761b

LIN (VSL/VCL, %) 23 C 47.9 ±13.24a 53.6 ± 14.641b 53.3 ±12.001ab 51.7 ±10.671ab 53.6 ± 11.521ab

M 54.5 ± 11.761b 54.5 ±14.961ab 55.2 ±15.071ab 55.9 ± 12.491ab

WOB (VAP/VCL, %) 23 C 72.0 ±9.02a 73.9 ± 9.271a 74.3 ±6.641a 72.9 ±7.361a 74.3 ± 8.201a

M 75.1 ± 6.981a 75.4 ±8.571a 75.0 ±9.311a 75.5 ± 8.261a

N/group, sample size (aliquots) per group. Measures for day 0 were carried out before division in two aliquots for C and M groups; therefore, there is only one value for day 0, and

the sample size equals N/group. Data are mean ± standard deviation. For each variable, the different numbers and lowercase letters in superscripts indicate a statistically significant

difference (p < 0.05) within (C group vs. M group) and between columns (between days), respectively.

(STR: VSL/VAP) × 100 (%); and wobble coefficient (WOB:
VAP/VCL)× 100 (%).

Sperm Analysis
Sperm morphology, short hypoosmotic swelling test (sHOST),
and short osmotic resistance test (sORT) were assessed for the
evaluation of the functional integrity of the sperm membrane
and acrosome, which reflects the viability of spermatozoa (19).
The sHOST test was performed according to the original test (20)
but using a lower osmotic pressure (75 vs. 150 mOsm/kg) and a
shorter period of time (15 vs. 120min), as previously described
(21). Eosin-nigrosin stain under a light field microscope at
1,000× magnification was used to determine the percentage of
viable spermatozoa (with curled tails) and the percentage of
spermatozoa with intact acrosome. The semen concentration
was calculated using a Bürker chamber at a 1/100 dilution
(sperm/0.3% formol saline solution).

Flow Cytometry Analysis
All of the measurements were performed on a BD AccuriTM

C6 (Becton, Dickinson and Company, Madrid, Spain) with BD
software. At a minimum, 40, 000 events were counted in all of the
experiments. The sperm population was gated for further analysis
based on its specific forward (FS) and side scatter (SS) properties;
other non-sperm events were excluded.

Viability/Acrosome Integrity
A double-staining technique with propidium iodide, a nuclear
dye that penetrates inside the damaged plasmatic membrane in
nonviable spermatozoa, and FITC-PNA staining that penetrates
when spermatozoa have an acrosome reaction were performed.
A volume of 5 µl of each stain (FITC; 1µg/ml; Sigma) and
propidium iodide (PI; 0.75mM; Sigma) was added to 300 µl

of sperm samples (4 × 107 cells per milliliter). Samples were
incubated at 37◦C in darkness for 15min. The argon laser and
filters of 525 and 675 nm were used to avoid overlapping.

Early Apoptosis/Mitochondrial Activity
A double-staining technique was performed. YoPro [1mM in
dimethyl sulfoxide (DMSO); Invitrogen], a DNA dye, was used
as an apoptotic marker because it only permeates into cells that
are beginning to undergo apoptosis, and MitoTracker (10µM
in DMSO, Invitrogen) was used to evaluate mitochondrial
membrane potential (1Ψm). A volume of 2 µl of each dye was
added to 300 µl (4 × 107) of spermatozoa, and samples were
incubated at 37◦C in darkness for 30min. YoPro emissions were
collected with a 525-nm filter and MitoT with a 675-nm filter to
avoid spectral overlap.

Statistical Analysis
The statistical analysis was carried out using IBM SPSS Statistics
26.0 software (IBM Corp., Armonk, NY, USA). The considered
semen parameters were submitted to the Shapiro–Wilks test to
assess their normal distribution. The following variables showed
an approximately normal distribution: TM, PM, VAP, VCL, VSL,
STR, LIN, and WOB. Their results were expressed as mean ±

SD. In data whose distribution skewed to the right, a logarithmic
transformation was applied (% acrosomal defects and % ORT);
results were resumed as geometric mean and geometric standard
deviation (dispersion factor, DF). Finally, for data dealing with
probabilities, percents, and proportions close to either 0 or 1, an
arcsine transformation was applied (% apoptosis, % endosmosis,
% viability, and % mitochondrial activity); these results were
shown as back-transformedmean (modified mean) andmodified
1 SD interval.
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TABLE 2 | Results of semen analysis of osmotic resistance test (ORT), endosmosis (HOST), and flow cytometry parameters from semen samples collected in increasing

photoperiod during a cold storage period of 6 days.

Parameter N/group Group Day 0 Day 1 Day 2 Day 3 Day 6

Osmotic

resistance test

(ORT, %)A

20 C 91.5 (1.05)a 91.8 (1.03)1a 88.2 (1.06)1a 81.4 (1.08)1b 74.1 (1.15)1b

M 90.2 (1.05)1a 85.9 (1.07)1ab 83.5 (1.04)1b 67.5 (1.14)2c

Endosmosis

(HOST, %)B
24 C 92.6 (86.67 ÷ 96.92)a 90.6 (83.04 ÷ 96.12)1a 86.9 (78.50 ÷ 93.52)1b 82.1 (72.71 ÷ 89.82)1c 68.2 (55.32 ÷79.86)1d

M 92.0 (87.01 ÷ 95.84)1a 87.3 (80.85 ÷ 92.66)1b 83.5 (74.56 ÷ 90.84)1c 66.2 (51.09 ÷ 79.83)1d

Acrosomal

defects(%)A
20 C 3.7 (1.73)a 5.6 (1.58)1b 10.3 (1.45)1c 13.1 (1.39)1d 17.5 (1.51)1e

M 4.9 (1.64)2b 8.5 (1.42)2c 11.3 (1.35)2d 15.1 (1.40)2e

Apoptosis (%)B 20 C 4.9 (2.83 ÷ 7.53)a 7.1 (4.87 ÷ 9.84)1a 9.9 (7.84 ÷ 12.29)1b 13.1 (10.77 ÷ 15.71)1c 18.2 (15.75 ÷ 20.86)1d

M 6.4 (4.56 ÷ 8.49)2a 9.3 (7.75 ÷ 11.02)2b 12.4 (10.61 ÷ 14.35)2c 17.4 (15.38 ÷ 19.55)2d

Viability (%)B 20 C 95.6 (90.15 ÷ 98.95)a 92.5 (87.59 ÷ 96.23)1b 87.7 (81.21 ÷ 92.91)1c 83.7 (77.64 ÷ 89.03)1d 80.2 (74.69 ÷ 85.15)1e

M 93.9 (89.52 ÷ 97.11)2a 89.3 (83.15 ÷ 94.20)2b 83.7 (77.36 ÷ 89.11)1c 80.2 (75.18 ÷ 84.84)1d

Mitochondrial

activity (%)B
15 C 95.2 (90.62 ÷ 98.33)a 95.0 (90.99 ÷ 97.94)1a 91.5 (88.51 ÷ 94.16)1b 85.7 (81.57 ÷ 89.33)1c 82.2 (78.23 ÷ 85.92)1d

M 94.7 (90.61 ÷ 97.72)1a 90.0 (86.16 ÷93.27)1b 86.12 (82.92 ÷ 89.04)1c 82.1 (78.55 ÷ 85.43)1d

N/group, sample size (aliquots) per group. Measures for day 0 were carried out before division in two aliquots for C and M groups; therefore, there is only one value for day 0, and the

sample size equals N/group. A, Geometric mean (deviation factor); B, Modified mean (limits of 1 SD area). For each variable, the different numbers and lowercase letters in superscripts

indicate a statistically significant difference (p <0.05) within (C group vs. M group) and between columns (between days), respectively.

Results from photoperiods, treatments, and days are shown
in Tables 1, 2. On day 0, no significant differences were found
between both photoperiods for any parameter (P > 0.050).

For any parameter, data on day 0 from both photoperiods
were compared by means of a one-way ANOVA. A two-way
repeated-measures ANOVA was run to determine the effect
of the melatonin treatment overtime on the considered semen
parameters. When a statistically significant interaction between
treatment and day was detected on these parameters, simple
main effects were run. If no statistically significant interaction
was found, the main effects for both treatment and day
were interpreted, including multiple pairwise comparisons with
Bonferroni’s correction when adequate. For all these analyses,
P-values <0.050 were considered statistically significant.

RESULTS

Results from photoperiods, treatments, and days are shown in
Tables 1–4. As mentioned earlier, data on day 0 were estimated
from ejaculates before separating them into aliquots (C and M
groups). On day 0, no significant differences were found between
both photoperiods for any parameter (P > 0.050).

Tables 1, 2 show the results from the studied semen
parameters in the increasing photoperiod. Sample size varied
from the initial situation (N = 24) depending on the availability
of valid data; as time went by, some aliquots did not present live
semen due to conservation problems, and no data were available
from late days. Only the aliquots with valid data on all days and
for both groups can be considered by the ANOVA.

No statistically significant interaction treatment x day (P >

0.050) was detected for most of the studied semen parameters
(TM, PM, VAP, VCL, VSL, STR, LIN, WOB, acrosomal

defects, endosmosis, andmitochondrial activity). Therefore, both
treatments did not have different effects on these parameters over
time. The main effect of treatment only showed a significant
difference for acrosomal defects (F = 11.868: P = 0.003), with
lower values in the M group regardless of time. Significant
differences among days were only detected for twoCASAmotility
parameters, namely, STR (F = 4.681; P = 0.002) and LIN (F =

2.928; P = 0.025), as well as for acrosomal defects ( F= 196.962;
P < 0.001), endosmosis (HOST; F = 57.558; P < 0.001), and
mitochondrial activity (F = 69.147; P < 0.001).

There was statistically significant interaction treatment × day
on the ORT (F = 4.135; P = 0.027), apoptosis (F = 4.864; P
= 0.024), and viability (F = 4.760; P = 0.028). Therefore, for
these variables, treatments acted differently over time. For ORT,
the M group only differed significantly from the C group on
day 6 (P = 0.020); the ORT value was lower for the M group.
Values from the M group were always significantly lower than
the control ones for apoptosis (P < 0.010). Only on days 1 and 2
did the M group showed significantly higher viability than the C
group (P < 0.010). On the contrary, ORT and viability decreased
significantly over time in both treatment groups (P < 0.001).

Tables 3, 4 show the results from the studied semen
parameters in the decreasing photoperiod. Also, the sample size
varied from the initial situation (N = 12) due to the same reasons
as in the increasing photoperiod.

No statistically significant interaction treatment × day
(P > 0.050) was detected for most of the studied semen
parameters, although they were not the same parameters as in
the increasing photoperiod (TM, PM, VAP, VCL, VSL, STR,
LIN, WOB, ORT, apoptosis, and endosmosis). No statistically
significant interaction treatment × day (P > 0.050) was detected
for most of the studied semen parameters. The main effect of
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TABLE 3 | Results from CASA motility parameters from semen samples collected in decreasing photoperiod during a cold storage period of 6 days.

Parameter N/Group Group Day 0 Day 1 Day 2 Day 3 Day 6

TM (%) 10 C 86.0 ± 19.40 86.2 ±15.651 89.1 ± 11.321 87.6 ± 9.171 71.5 ± 31.391

M 89.7 ±9.741 95.0 ± 3.821 82.2 ± 25.881 67.9 ± 33.111

PM (%) 10 C 61.9 ± 27.80a 52.2 ±20.281a 61.6 ± 23.071a 59.9 ± 21.811a 47.6 ± 28.211a

M 64.1 ±20.731a 70.9 ± 16.721a 52.5 ± 25.091a 47.4 ± 27.031a

VAP (µm/s) 10 C 58.7 ± 31.49a 54.4 ±28.331a 57.1 ± 27.671a 57.5 ± 28.251a 51.6 ± 34.601a

M 59.5 ±24.401a 69.8 ± 31.111a 51.2 ± 27.971a 50.4 ± 31.501a

VCL (µm/s) 10 C 76.1 ± 41.26a 75.5 ±42.131a 76.6 ± 37.211a 74.0 ± 33.761a 67.1 ± 43.811a

M 78.9 ±34.631a 91.6 ± 39.401a 69.9 ± 36.171a 64.9 ± 39.831a

VSL (µm/s) 10 C 42.6 ± 23.12a 39.3 ±23.251a 43.8 ± 23.721a 43.8 ± 24.081a 41.7 ± 30.451a

M 45.5 ±21.091a 52.9 ± 27.361a 37.7 ± 23.341a 42.2 ± 29.141a

STR (VSL/VAP, %) 10 C 72.3 ± 6.78a 71.6 ±16.301a 75.7 ± 11.901a 74.4 ± 13.231a 68.8 ± 26.431a

M 75.4 ±10.671a 72.8 ± 10.871a 70.3 ± 15.601a 71.5 ± 27.861a

LIN (VSL/VCL, %) 10 C 56.1 ± 7.50a 54.4 ±19.401a 57.4 ± 13.671a 58.3 ± 15.831a 52.5 ± 21.551a

M 58.3 ±13.081a 55.7 ± 13.071a 52.0 ± 18.281a 55.7 ± 24.501a

WOB (VAP/VCL, %) 10 C 77.2 ± 3.55a 73.9 ±10.621a 74.9 ± 7.501a 77.1 ± 10.541a 68.2 ± 24.431a

M 76.4 ±7.871a 75.6 ± 6.851a 72.0 ± 10.561a 69.1 ± 25.811a

N/group, sample size (aliquots) per group. Measures for day 0 were carried out before division in two sub-aliquots for C and M groups; therefore, there is only one value for day 0, and

the sample size equals N/group. Data are mean ± standard deviation. For each variable, the different numbers and lowercase letters in superscripts indicate a statistically significant

difference (p <0.05) within (C group vs. M group) and between columns (between days), respectively. For TM, no superscript was included related to days (i.e., multiple pairwise

comparisons failed to find significant differences between days).

treatment only showed a significant difference for apoptosis (F
= 5.982; P = 0.032); the global mean value was higher in the
M group (9.9, modified 1 SD area: 5.87 ÷ 14.91) than in the
C group (9.3, modified 1 SD area: 5.91 ÷ 13.33). Significant
differences among days were only detected for TM (F = 2.824;
P = 0.039), ORT (F = 12.652; P = 0.003), apoptosis (F = 68.468;
P < 0.001), and HOST (F = 5.777; P < 0.001). Multiple pairwise
comparisons for TM failed to find significant differences between
days; therefore, no superscript was included that is related to days
for this variable in Table 3.

In the decreasing photoperiod, significant interactions
between treatment and day were found on acrosomal defects
(F = 5.192; P = 0.017), viability (F = 11.229; P < 0.001), and
mitochondrial activity (F = 9.112; P =0.003). Treatments acted
differently over time with these variables. On day 2, acrosomal
defects were lower for the M group (P= 0.019), but on both days
3 and 6, these values were higher for the M group (P = 0.019 and
P < 0.001, respectively); no significant difference was found on
day 1 (P = 0.621). For the M group, viability was higher than
the control on day 1 (P = 0.003), had no difference on day 2
(P = 0.990), and was lesser on day 3 (P = 0.001) and day 6 (P =

0.014). Mitochondrial activity was significantly higher for the M
group only on day 2 (P = 0.008) and day 3 (P < 0.001); no other
significant differences were found (P > 0.050).

DISCUSSION

The best protective melatonin concentration must be found
for each species because its effects on sperm show great inter-
and intraspecific variability; in mammals, the best dose ranges
from 0.00001mM to 0.003 mol/L (14, 17). On the contrary,
high melatonin doses may reduce sperm motility and viability

after cryopreservation, as a consequence of excessive ROS
neutralization that inhibits oxidative phosphorylation (15).

Dose-dependent effects seem to be very important in dogs.
Doses of 1mM of melatonin did not affect motility and acrosome
integrity (22); even 2mM doses did not affect motility, plasma
membrane integrity, acrosome integrity, capacitation status, and
membrane fluidity after freezing–thawing (14). However, 0.002
and 0.0035 mol/L of melatonin conserved canine kinematic
parameters when compared with a control group, without added
melatonin (1). The addition of 1–2mM of melatonin could also
improve the sperm motility of canine sperm (17). In canine
sperm, 0.002 and 0.0035mol/L ofmelatonin received good results
in the conservation of mitochondrial activity (16). The effect of
melatonin on the acrosome in dogs is controversial. Doses of
1mM of melatonin (22) did not affect acrosome integrity. More
recent studies have found that melatonin reduced the percentage
of acrosome-damaged sperm in dogs when used in 0.002 and
0.0035 mol/L (16) and even in 1 to 2mM concentrations (17).

Recently, chilled canine semen can survive until 10–14 days
due to modern extenders; however, sperm quality decreases
during cold storage (23). In this study, mobility parameters, TM,
PM, VAP, VCL, VSL, and WOB, did not vary significantly over
time in both photoperiods. The short-day interval considered
(0–6 days) could explain these facts. Punctual higher values in
certain days for STR (days 1 and 6) and LIN (day 1) in the
increasing photoperiod could be occasional. The longevity of
canine spermatozoa can be extended up to 14 days of cold storage
at 5◦C (51). Divar et al. (17) studied the canine sperm motility
during long-term storage (9 days) at 5◦C, both with and without
added melatonin. Melatonin at 0.5, 1, or 2mM concentrations
could preserve significantly higher sperm TM after 4 days;
however, only the 1 and 2mM melatonin concentrations could
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TABLE 4 | Results of semen analysis of osmotic resistance test (ORT), endosmosis (HOST), and flow cytometry parameters from semen samples collected in decreasing

photoperiod during a cold storage period of 6 days.

Parameter N/Group Group Day 0 Day 1 Day 2 Day 3 Day 6

Osmotic

resistance test

(ORT, %)A

11 C 90.7 (1.04)a 85.6 (1.05)1bce 82.3 (1.07)1cde 78.7 (1.05)1de 65.2 (1.31)1e

M 85.0 (1.03)1bce 79.6 (1.08)1cde 78.3 (1.08)1de 65.3 (1.27)1e

Endosmosis

(HOST, %)B
11 C 89.3 (82.61 ÷ 94.51)ab 89.4 (82.54 ÷ 94.72)1a 87.1 (78.79 ÷ 93.57)1ab 84.2 (75.91÷ 91.69)1ab 79.7 (66.60 ÷ 90.14)1b

M 87.9 (79.43 ÷ 94.41)1a 87.4 (79.28 ÷ 93.79)1ab 85.8 (78.58 ÷ 91.82)1ab 79.9 (69.16 ÷ 88.81)1b

Acrosomal defects

(%)A
12 C 4.4 (1.35)a 6.2 (1.35)1b 9.9 (1.17)1cd 13.2 (1.60)1de 18.8 (1.09)1e

M 6.5 (1.47)1bc 8.9 (1.18)2c 19.2 (1.10)2d 24.3 (1.17)2e

Apoptosis (%)B 12 C 4.5 (2.65 ÷ 6.86)a 9.6 (8.30 ÷ 11.04)1bc 9.0 (7.18 ÷ 11.09)1cd 11.8 (9.63 ÷ 14.12)1de 12.6 (9.99 ÷ 15.47)1e

M 10.3 (7.21 ÷ 13.94)2bc 9.3 (7.68 ÷ 11.16)2cd 11.3 (8.75 ÷ 14.07)2de 15.8 (13.34 ÷ 18.35)2e

Viability (%)B 12 C 92.3 (87.30 ÷ 96.17)ab 91.0 (87.10 ÷ 94.34)1a 89.3 (85.79 ÷ 92.37)1a 90.5 (87.91 ÷ 92.81)1a 87.0 (84.54 ÷ 89.37)1a

M 94.7 (93.17 ÷ 96.15)2a 89.3 (87.81 ÷ 90.73)1bcd 86.0 (82.74 ÷ 88.97)2cd 83.0 (76.64 ÷ 88.53)2cd

Mitochondrial

activity (%)B
12 C 95.8 (92.57 ÷ 98.16)ab 94.0 (91.72 ÷ 95.95)1a 88.3 (76.01 ÷ 96.63)1ac 83.5 (71.52 ÷ 92.75)1bc 88.0 (83.51 ÷ 91.95)1c

M 92.9 (90.50 ÷ 95.02)1ab 95.9 (92.87 ÷ 98.12)2b 87.7 (78.19 ÷ 94.80)2ac 87.8 (85.52 ÷ 89.86)1c

N/group, sample size (aliquots) per group. Measures for day 0 were carried out before division in two aliquots for C and M groups; therefore, there is only one value for day 0, and the

sample size equals N/group. A, Geometric mean (deviation factor); B, Modified mean (limits of 1 SD area). For each variable, the different numbers and lowercase letters in superscripts

indicate a statistically significant difference (p < 0.05) within (C group vs. M group) and between columns (between days), respectively. For apoptosis, the global mean value was higher

in the M group (9.9, modified 1 SD area, 5.87 ÷14.91) than in the C group (9.3, modified 1 SD area, 5.91 ÷13.33) (F = 5.982; p = 0.032).

result in better TM and PM values after 7 days. From day 7
onward, VCL, VAP, VSL, and WOW decreased significantly,
but melatonin (1mM) improved VCL, VSL, and LIN on day
9. In canine sperm, previous studies showed that melatonin
supplementation preserved higher acrosome integrity after 7
days of storage, although a significant decrease in the acrosome
integrity on day 9 of storage at 5◦C was observed without regard
to whether melatonin was added (17).

The relationship between the photoperiod and melatonin
secretion is well known; in the decreasing photoperiod, the
exposure to melatonin increases because melatonin is produced
and secreted by night (24). Therefore, seasonally breeding
mammals based on photoperiod duration is meant to control
their reproductive system based on the daily rhythm ofmelatonin
production. In short-day breeders, this increased melatonin
promotes GnRH secretion and regulates gonadotropin and
testosterone production (25). Thereby, the seasonal effects on
semen quality and biochemical profiles were described in the
horse (26), sheep (27), buffalo (28), goat (29), and cattle
(30). The protective effects of melatonin on sperm quality can
also vary in different seasons, as described in mithun (Bos
frontalis); in spring, sperm showed higher quality, and the effects
of melatonin (decrease in percentages of dead spermatozoa,
abnormal spermatozoa, and acrosomal abnormalities) were more
intense in spring, followed by autumn and winter (31).

The bitch is considered a non-seasonal female because estrus
can occur at any time during the year (32). However, estrus
tends to be more frequent in winter and summer (33), even
though this fact is supposed to be independent of daylight
duration or melatonin concentration (34). On the contrary,

sperm is constantly produced throughout the year by males (35).
González–Arto et al. (10) studied sperm from donkeys, stallions,
boar, bull, dogs, and red deer and suggested that melatonin
and melatonin receptors may be universally distributed in
the reproductive system of mammals. Given the different
dependence of reproduction concerning the photoperiod of these
species, melatonin may play a role other than seasonal control
and therefore be involved in specific functions on sperm, such as
protecting from oxidative damage.

Melatonin levels have shown circadian and diurnal
fluctuations in canines (36). Two-fold fluctuations have been
described during light-cycle changes in the different seasons
(37). The synthesis of melatonin is always highest at night but
decreases at dawn, remaining at low levels throughout the day;
the lowest levels of this hormone were recorded on summer
mornings, whereas the highest concentrations were reached on
winter nights (38). The effects of latitude, exercise, and season
on melatonin concentration have been described in dogs (39).
The peak in melatonin production was more prolonged in high-
latitude dogs (65◦ N) than in lower latitude ones (45◦ N); at both
latitudes, exercise caused a reduction in peak melatonin levels,
and melatonin levels were higher in winter than in summer.

In rams (short-day breeder), high levels of melatonin,
testosterone, and antioxidant enzymes in seminal plasma have
been found during the reproductive season (40). Similar results
were obtained when melatonin implantation was carried out
during the non-reproductive season (41). These facts suggested
a direct action of this pineal hormone on spermatozoa (5). On
the contrary, melatonin is present in seminal plasma both during
the day and at night (40); the melatonin synthesis by the testes
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explains the high levels of melatonin in ram seminal plasma
during the day (42).

Melatonin supplementation could compensate for the lack
of antioxidants in seminal plasma from dogs (21). Melatonin
concentration in dog seminal plasma showed a broad range
of values due to individual variability, although no effect of
age or breed was detected; the potential effect of the season
was not analyzed (10). In the literature, there are no data
about the seasonal variation of melatonin concentrations in
dog seminal plasma. However, if a correlation exists between
blood and seminal plasma concentrations of melatonin in dogs,
the decreasing photoperiod, related to a higher level of blood
melatonin, would cause an increased melatonin level in seminal
plasma. As high concentrations of melatonin can impair quality
sperm characteristics, the addition of melatonin to sperm in the
decreasing photoperiod could create such a high level that it
would cause the described negative effects found for acrosomal
defects, apoptosis, and viability, which would be opposite to
the positive effects achieved in the increasing photoperiod.
Unfortunately, no quantification of melatonin in semen samples
was performed.

CONCLUSION

Concerning chilled dog semen, the negative effects of melatonin
were found for acrosomal defects, apoptosis, and viability in the
decreasing photoperiod. The addition of melatonin to sperm
in the decreasing photoperiod could create such a high level
that it would cause the described negative effects. However, the
results showed a beneficial effect of melatonin in the increasing
photoperiod on acrosomal defects and apoptosis during 0–6
days. Melatonin treatment also increased viability in the short
term (days 1 and 2) for both photoperiods. Also, melatonin can

provide certain beneficial effects on mitochondrial activity in the
medium term (days 2 and 3) in the decreasing photoperiod.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by Committee of
Ethics in Animal Experimentation of Universidad de Zaragoza.
Written informed consent was obtained from the owners for the
participation of their animals in this study.

AUTHOR CONTRIBUTIONS

Conceptualization: OM, RA, NM, and MVF. Methodology: NM,
JM, MVF, OM, and AMG. Software and formal analysis: MTT.
Validation: JM, OM, NM, and MF. Investigation: OM, RA, NM,
JM, MTT, AMG, and MVF. Resources, project administration,
and Funding acquisition: MVF. Data curation: OM, NM, MTT,
and MF. Writing the original draft, writing, reviewing, and
editing the manuscript: OM, RA, NM, JM, MTT, AMG, and
MVF. Visualization: OM, RA, and NM. Supervision: MTT and
MVF. All authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

The authors thank C. Jiménez Laita for her help with the semen
analysis. The authors obtained permission to acknowledge from
the person mentioned in this section.

REFERENCES

1. Reiter RJ, Tan DX, Fuentes-Broto L. Melatonin: a multitasking molecule. Prog

Brain Res. (2010) 181:127–51. doi: 10.1016/S0079-6123(08)81008-4

2. Arnao M B, Hernández-Ruiz J. The physiological function of melatonin in

plants. Plant Signal Behav. (2006) 1:89–95. doi: 10.4161/psb.1.3.2640

3. Li XX, Yang XG, Lu YQ, Lu SS, Zhang, Yao HI, et al.

Protective effects of melatonin against oxidative stress in flow

cytometry-sorted buffalo sperm. Reprod Domest Anim. (2012)

47:299–307. doi: 10.1111/j.1439-0531.2011.01858.x

4. Arendt J, Broadway J. Light and melatonin as zeitgebers in man. Chronobiol

Int. (1987) 4: 273–82. doi: 10.3109/07420528709078534

5. Cebrián-Pérez JA, Casao A, González-Arto M, dos Santos Hamilton

TR, Pérez-Pé R, Muiño-Blanco T. Melatonin in sperm biology:

breaking paradigms. Reprod Domest Anim. (2014) 49 (Suppl

4):11–21. doi: 10.1111/rda.12378

6. Tan DX, Manchester LC, Terron MP, Flores LJ, Reiter RJ. One

molecule, many derivatives: a never-ending interaction of melatonin

with reactive oxygen and nitrogen species? J Pineal Res. (2007)

42:28–42. doi: 10.1111/j.1600-079X.2006.00407.x

7. Jang HY, Kim YH, Kim BW, Park IC, Cheong HT, Kim JT, et al. Ameliorative

effects of melatonin against hydrogen peroxide-induced oxidative stress on

boar sperm characteristics and subsequent in vitro embryo development.

Reprod Domest Anim. (2010) 45:943–50. doi: 10.1002/9780813810898

8. Ustundag B, Kazez A, Demirbag M, Canatan H, Halifeoglu I, Ozercan I

H. Protective effect of melatonin on antioxidative system in experimental

ischemia-reperfusion of rat small intestine. Cell Physiol Biochem. (2000)

10:229–36. doi: 10.1159/000016354

9. Karbownik M, Reiter RJ. Antioxidative effects of melatonin in protection

against cellular damage caused by ionizing radiation. Proc Soc Exp Biol Med.

(2000) 225:9–22. doi: 10.1046/j.1525-1373.2000.22502.x

10. González-Arto M, Vicente-Carrillo A, Martínez-Pastor F, Fernández-Alegre

E, Roca J, Miró J, et al. Melatonin receptors MT1 and MT2 are expressed

in spermatozoa from several seasonal and nonseasonal breeder species.

Theriogenology. (2016) 86:1958–68. doi: 10.1016/j.theriogenology.2016.06.016

11. Pang YW, Sun YQ, Jiang XL, Huang ZQ, Zhao SJ, Du WH, et al.

Protective effects of melatonin on bovine sperm characteristics and

subsequent in vitro embryo development. Mol Reprod Dev. (2016) 83:993–

1002. doi: 10.1002/mrd.22742

12. Sicherle CC, de Souza FF. Freitas-Dell’Aqua CP, Mothé GB, Padovani CR,

Papa FO, et al. Effects of the cryopreservation process on dog sperm integrity.

Anim Reprod. (2020) 17:e20190081. doi: 10.21451/1984-3143-AR2019-0081

13. Pintus E, Ros-Santaella JL. Impact of oxidative stress on male

reproduction in domestic and wild animals. Antioxidants.

(2021)10:1154. doi: 10.3390/antiox10071154

14. Medrano A, Contreras CFB, Herrera FM, Alcantar-Rodriguez AM.Melatonin

as an antioxidant preserving sperm from domestic animals. Asian Pac J

Reprod. (2017) 6:241–46. doi: 10.4103/2305-0500.217317

Frontiers in Veterinary Science | www.frontiersin.org 7 July 2022 | Volume 9 | Article 956630

https://doi.org/10.1016/S0079-6123(08)81008-4
https://doi.org/10.4161/psb.1.3.2640
https://doi.org/10.1111/j.1439-0531.2011.01858.x
https://doi.org/10.3109/07420528709078534
https://doi.org/10.1111/rda.12378
https://doi.org/10.1111/j.1600-079X.2006.00407.x
https://doi.org/10.1002/9780813810898
https://doi.org/10.1159/000016354
https://doi.org/10.1046/j.1525-1373.2000.22502.x
https://doi.org/10.1016/j.theriogenology.2016.06.016
https://doi.org/10.1002/mrd.22742
https://doi.org/10.21451/1984-3143-AR2019-0081
https://doi.org/10.3390/antiox10071154
https://doi.org/10.4103/2305-0500.217317
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Mitjana et al. Photoperiod, Melatonin, and Chilled Dog Semen

15. Souza WL, Moraes EA, Costa J, Sousa PH, Lopes JES, Oliveira RP, et

al. Effect of different concentrations of melatonin to ram spermatozoa

on oxidative stress after cryopreservation. Pesq Vet Bras. (2016) 36:657–

64. doi: 10.1590/S0100-736X2016000700017

16. Martinez-Rodriguez JA, Carbajal FJ, Martinez-De-Anda R, Alcantar-

Rodriguez A, Medrano A. Melatonin added to freezing diluent

improves canine (Bulldog) sperm cryosurvival. J Reprod. (2020)

1:11–9. doi: 10.1530/RAF-20-0022

17. Divar MR, Azari M, Mogheiseh A, Ghahramani S. Supplementation

of melatonin to cooling and freezing extenders improves

canine spermatozoa quality measures. BMC Vet Res. (2022)

18:86. doi: 10.1186/s12917-022-03186-8

18. Linde-Forsberg C. Regulations and recommendations for international

shipment of chilled and frozen canine semen In: Concannon PW, England

G, Verstegen, J, Linde-Forsberg C, editors. Recent Advances in Small

Animal Reproduction. Ithaca NY: International Veterinary Information

Service (2001).

19. Rota A, Penzo N, Vincenti L, Mantovani R. Hypoosmotic swelling (HOS)

as a screening assay for testing in vitro fertility of bovine spermatozoa.

Theriogenology. (2000)53:1415–20. doi: 10.1016/S0093-691X(00)00284-3

20. Van Der Ven HH, Crabo BG. Zaneveld LJD. Development of an assay

to assess the functional integrity of the human sperm membrane and its

relationship to other semen characteristics. J Reprod Fertil. (1984) 70:219–

28. doi: 10.1530/jrf.0.0700219

21. Pérez-Llano B, Lorenzo JL, Yenes P, Trejo A, García-Casado P, A. short

hypoosmotic swelling test for the prediction of boar sperm fertility.

Theriogenology. (2001) 56:387–98. doi: 10.1016/S0093-691X(01)00571-4

22. Varesi S, Vernocchi V, Morselli MG, Luvoni GC, DNA. integrity of fresh

and frozen canine epididymal spermatozoa. Reprod Biol. (2014) 14:257–

61. doi: 10.1016/j.repbio.2014.07.001

23. Martínez-Barbitta M, Rivera Salinas C. Evaluation of chilled

dog semen extended with sperm activator. Front Vet Sci. (2022)

8:764750. doi: 10.3389/fvets.2021.764750

24. Cagnacci A, Volpe A. Influence of melatonin and photoperiod on

animal and human reproduction. J Endocrinol Invest. (1996) 19:382–

411. doi: 10.1007/BF03344974

25. Gavella M, Lipovac V. Antioxidative effect of melatonin on human

spermatozoa. Archives Androl. (2000) 44:23–7. doi: 10.1080/0148501002

62371

26. Pickett BW, Faulkner LC, Voss JL. Effect of season on some characteristics of

stallion semen. J Reprod Fertil. (1975) 23:25–8.

27. Colas G. Seasonal variations of the quality of sperm in the Ilede- France ram

I. Study of the cellular morphology and “massal” motility. Reprod Nutr Dev.

(1981) 20:1789–99. doi: 10.1051/rnd:19801005

28. Sagdeo LR, Chitins AB, Deshmukh SN, Kaikini AS. Seasonal variations in

relation to freezability of semen of Jersey and crossbred bulls with varying

level of exotic inheritance. Indian J Anim Reprod. (1991) 12:117–21.

29. Zarazaga LA, Guzman JL, Dominguez C, Perez MC, Prieto R.

Effects of season and feeding level on reproductive activity and

semen quality in Payoya buck goats. Theriogenology. (2009)

71:1316–25. doi: 10.1016/j.theriogenology.2009.01.007

30. Rajoriya JS, Prasad JK, Ghosh SK, Perumal P, Kumar A, Kaushal S, et al.

Effects of seasons on enzymatic changes and cholesterol efflux in relation

to freezability in Tharparkar bull semen. Asian Pac J Reprod. (2013) 2:280–

88. doi: 10.1016/S2305-0500(13)60163-3

31. Perumal P, Chamuah JK, Nahak AK, Rajkowa C. Effect of seasons on semen

production, effect of melatonin on the liquid storage (5◦C) with correlated

study of birth rate in mithun (Bos frontalis). Asian Pac J Reprod. (2015)

4:1–12. doi: 10.1016/S2305-0500(14)60049-X

32. Schaefers-Okkens AC. Estrous cycle and breeding management of the healthy

bitch. In: Ettinger SJ, Feldman EC, editors. Textbook of veterinary internal

medicine. Diseases of the dog and cat. 6th ed. Philadelphia: Saunders (2005)

p. 1640–49.

33. Bouchard G, Youngquist RS, Vaillancourt D, Krause GF, Guay P, Paradis

M. Seasonality and varibility of the interestrous interval in the bitch.

Theriogenology. (1991) 36:41–50. doi: 10.1016/0093-691X(91)90432-D

34. Sen Majumder S, Bhadra A. When love is in the air: understanding

why dogs tend to mate when it rains. PLoS ONE. (2015)

10:e0143501. doi: 10.1371/journal.pone.0143501

35. Ortega-Pacheco A, Segura-Correa JC, Bolio-Gonzalez ME. Jimenez- Coello

M, Forsberg CL. Reproductive patterns of stray male dogs in the tropics.

Theriogenology. (2006) 66:2084–90. doi: 10.1016/j.theriogenology.2006.04.046

36. Stankov B, Moller M, Lucini V, Capsoni S, Fraschini F, A. carnivore species

(Canis familiaris) expresses circadian melatonin rhythm in the peripheral

blood and melatonin receptors in the brain. Eur J Endocrinol. (1994) 131:191–

200. doi: 10.1530/eje.0.1310191

37. Levine ME, Milliron AN. Duffy LK. Diurnal and seasonal rhythms of

melatonin, cortisol and testosterone in interior Alaska. Arct Med Res.

(1994) 53:137–45.
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