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1 | INTRODUCTION

Melatonin is a widespread and pleiotropic molecule (Hardeland
et al., 2011). Widely studied as a hormone regulating the circadian
cycle and seasonality, evidence has mounted on its paracrine activity
in reproductive organs (Gonzalez-Arto et al., 2016; Martinez-Marcos
et al., 2019) and its membrane receptors MT, and MT, are present
in spermatozoa (Gonzalez-Arto et al., 2016, 2017). Melatonin affects
sperm survival, capacitation and chemotaxis (Casao et al., 2012;
Cebrian-Pérez et al., 2014; Espino et al., 2011). This topic has been
studied in some domestic ruminants (Fernandez-Alegre et al., 2020;
Gonzélez-Arto et al., 2016), but it could be different for wild rumi-
nants, subjected to pronounced seasonal reproductive rhythms

(Martinez-Pastor et al., 2005). Our objective was to test its role on

| Felipe Martinez-Pastor?®®

Melatonin affects sperm physiology, possibly through membrane receptors. Effects
were tested at low concentrations (1 pM, 100 pM, 10 nM and 1 pM) in red deer
epididymal spermatozoa as a model for high-seasonality species. Samples were in-
cubated with melatonin as uncapacitated or capacitating conditions (heparin) and
evaluated for motility and physiology (flow cytometry). Most effects occurred at low
concentrations (hnM-pM), mainly protecting from apoptosis and maintaining acrosomal
integrity, suggesting a role for membrane receptors rather than a direct antioxidant
effect. Intracellular calcium was not affected, differing from other studies and per-
haps because of the epididymal origin. This study supports the relevance of melatonin
on sperm physiology and could contribute to the application of reproductive tech-

nologies in wild ruminants.
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red deer (Cervus elaphus) spermatozoa under non-capacitating or ca-
pacitating conditions, with the hypothesis that it could affect them
at concentrations compatible with receptor activation, as reported
for bull (Fernandez-Alegre et al., 2020).

2 | MATERIALS AND METHODS

The experimental design and methods followed our study on bull
(Fernandez-Alegre et al., 2020) and are expanded in the supple-
mentary material. Spermatozoa were obtained by cuts from the
cauda epididymis of six adult deers (testicles harvested after reg-
ulated hunting at Riafo reserve and Dofana National Park, Spain)
(Martinez-Pastor et al., 2006) and extended in TALP-HEPES at
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50 x 10%/ml. Tubes were split, one receiving 2 U/ml heparin (capaci-
tated) and split again, adding melatonin at 1 uM, 10 nM, 100 pM,
1 pM and control (vehicle, 0.2% DMSO).

The samples were incubated for 4 h (38°C, 5% CO,) and analysed
by CASA for motility (ISAS; Proiser, Valencia, Spain) and flow cytom-
etry. For flow cytometry (CyAn ADP, Beckman Coulter), fluores-
cent probes were: Hoechst 33,342 (H342), 5 uM; YO-PRO-1 (YP1),
100 nM; Fluo-4 (Fluo4), 100 nM; CM-H,DCFDA (CFDA) at 5 uM;
merocyanine 540 (M540), 2 uM; propidium iodide (PI), 1 uM; PNA-
AlexaFluor 647 (PNA), 1 ug/ml; MitoTracker deep red (MT), 100 nM;
MitoSOX (MSX), 1 uM. Aliquots were added at 10° mI? to combi-
nations of H342/Fluo4/M540/PI/PNA, H342/CFDA/PI and H342/
YP/MSX/MT and analysed after 15 min in the dark.

The statistical analysis was performed with R using linear mixed-
effects models (treatment and incubation as fixed effects; male as

random effect). Results are shown as mean + SEM.

3 | RESULTS

Table 1 summarizes the results for melatonin effects on the non-
capacitated and capacitated groups (further details on the Tables S1
and S2). The proportions of motile spermatozoa (total and progres-
sive) increased in 10 nM only in capacitated samples (p < 0.01). Some
kinematic variables were significantly affected in non-capacitated
samples by nM-pM, suggesting a stimulation, with few effects in the
capacitated group.

Sperm viability moderately decreased in capacitated (10 nM and
100 pM, p < 0.05), but the proportion of non-apoptotic spermatozoa
significantly increased in all cases, with a drop for the apoptotic ratio
in 10 nM and 1 pM (and 100 pM in uncapacitated). Acrosomal dam-
age significantly decreased in uncapacitated by pM. Mitochondrial
activity increased by 1 pM in uncapacitated and 1 uM and 100 pM
in capacitated. [Ca“]i and cytoplasmic ROS were not affected, but
mitochondrial ROS were abated by 100 pM in non-capacitated
(p < 0.01) and 1 pM in capacitated samples (p < 0.05).

4 | DISCUSSION

Melatonin affected red deer epididymal spermatozoa at the low
range of concentrations, consistent with our previous study on bull
semen (Fernandez-Alegre et al., 2020) and exerting a role on sperm
physiology through its membrane receptors. In these conditions, a
direct antioxidant effect seems unlikely. Our results support previ-
ous evidence on a functional role for MT, and MT, in spermatozoa
(Casao et al., 2012; Fujinoki, 2008; Gonzélez-Arto et al., 2016), con-
sistently showing their implication in sperm capacitation modulation
keeping motility and preserving viability and oxidation state.

This first study in red deer spermatozoa hints at a protective
effect, possibly by inhibiting apoptosis-related pathways (Casao
et al., 2010; Espino et al., 2011). However, we could not detect
intracellular calcium changes, contrarily to studies in ejaculated
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spermatozoa (Fernandez-Alegre et al., 2020; Gimeno-Martos
et al,, 2019). Epididymal spermatozoa are quiescent, not having con-
tacted seminal plasma (Martinez et al., 2008), and signalling path-
ways modifying calcium patterns could be inhibited at this stage
(Ernesto et al., 2015; Gibbs et al., 2011).

This study suggests differences between species and possibly
epididymal and ejaculated spermatozoa and could be helpful for
the conservation and application of wild ruminant post-mortem

samples.
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