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 25 

Abstract  26 

Rennin-angiotensin system (RAS) has been involved in sperm function, even so, little is 27 

known about the implication of one of the RAS axis formed by Ang-(1–7) [angiotensin-28 

(1–7)] and Mas receptor. Hence, in the present work, we focused on elucidating the 29 

function of the Mas receptor in human spermatozoa. We analyzed the expression and 30 

localization of Mas receptor in human spermatozoa and we observed if its activation is 31 

able to modulate the sperm motility of normal motility and/or asthenozoospermic 32 

patients, as well as, the acrosome reaction of the spermatozoa. Mas receptor is present 33 

in human mature spermatozoa, not only at the mRNA level but also at protein level. 34 

Mas is localized at the acrosome region, as well as, in the tail of spermatozoa. The 35 

sperm incubation with Mas agonist Ang-(1–7) activates at dose-dependent manner the 36 

PI3K/Akt pathway (P < 0.01 vs. control) and improves the motility of 37 

asthenozoospermic patients (P < 0.01 vs. control), which is blocked by the specific 38 

antagonist (A779) (P < 0.01), but it do not modulate the acrosome reaction. These 39 

findings suggest that the ACE2/Ang-(1–7)/Mas axis may be a useful biochemical tool 40 

for the treatment of male infertility related to sperm mobility. 41 
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 47 

Introduction 48 

RAS (rennin-angiotensin system) is a neuroendocrine cell-communication system 49 

which plays a critical role in blood pressure control and body fluid and electrolyte 50 

homeostasis. Until very recently, RAS had been seen as a linear limited proteolysis 51 

pathway toward the production of a single active end product: AngII (angiotensin II). 52 

But nowadays, it has been proposed that RAS could be a dual axis system: on one hand 53 

ACE (angiotensin-converting enzyme)/AngII/AT1R (type 1 AngII receptor) axis and, 54 

on the other hand, ACE2/Ang-(1–7) [angiotensin-(1–7)]/Mas receptor axis (Santos et 55 

al., 2003). Both axes have been involved above all in cardiovascular and renal 56 

regulation of the body but it is known that both of them have pleiotropic effects going 57 

far beyond its cardio-renal and vascular actions (Passos-Silva et al., 2013).  58 

Among all functions, our interest is focused in the role of RAS in male reproduction, 59 

not so much in its vascular actions but in the role which local RAS plays on the 60 

spermatozoa. In this sense, the ACE/AngII/AT1R and AT2R axis have been well 61 

described in male human tract and the testis (Passos-Silva et al., 2013) and, specifically 62 

in the spermatozoa, both AT1R and ATR2 have been detected from spermatids to 63 

mature spermatozoa and it has been proved that the presence of AngI and AngII 64 

enhances the motility of human spermatozoa (Vinson et al., 1996; Gianzo et al., 2016).  65 

Regarding the ACE2/Ang-(1–7)/Mas axis, the Ang-(1-7) has been detected in the 66 

cytoplasm of Leydig cells and in external layers of the seminiferous tubules, particularly 67 

in the cytoplasm of Sertoli cells and primary spermatocytes. In addition, Mas receptor 68 

was also localized in the cytoplasm of Leydig cells as well as in the seminiferous 69 

epithelium, covering its whole extension, from Sertoli cells and spermatogonia to 70 



spermatozoa (Reis et al., 2010). Mas-KO mice are fertile but they have a significant 71 

number of apoptotic cells during meiosis, giant cells and vacuoles in the seminiferous 72 

epithelium as well as a reduced sperm production per testis and per gram of testis 73 

probably due to a disturbed spermatogenesis (Leal et al., 2009). In fact, men with 74 

spermatogenesis impairment have lower levels of ACE2, Ang-(1–7) and Mas when they 75 

are compared with fertile subjects (Reis et al., 2010).  76 

Up to now, the finding of Ang-(1–7) and Mas within the human seminiferous 77 

epithelium raised the possibility that this peptide acts on germ cells, although its 78 

putative effects remain unknown. So that, we wonder (1) if the Mas receptor is also 79 

present in mature human spermatozoa, (2) if it is active and (3) if its modulation could 80 

have any effect in the functions of mature spermatozoa as sperm motility or acrosome 81 

reaction. In fact, these three will be the objectives of this work. 82 

Materials and Methods 83 

Population 84 

The population under study consisted of 30 males from infertile couples attending the 85 

Human Reproduction Unit from the Cruces University Hospital. Their age ranged 25- 86 

40 years. 87 

The inclusion criteria were: 1) infertility history > 1 year,  2) absence of hypertension, 88 

infectious or metabolic diseases, 3) Body mass index  < 32, 4) no intake of hormonal or 89 

antihypertensive treatments in the last 6 months, 5) sperm analysis showing a 90 

concentration  > 15 x 106 cells/ml and normal forms ≥ 4%. 91 

Samples were obtained by masturbation after 2-3 day sexual abstinence, to perform a 92 

standard seminogram as a part of the infertility diagnostic work up. An aliquot was 93 



obtained for the present study. All the participants signed the required informed 94 

consent. Ethical approval was obtained from the Ethics Committee of the University of 95 

the Basque Country and from the Cruces Hospital Ethics Committee (Register number: 96 

CEID/CEISH/61/2011/IRAZUSTA ASTIAZARAN). Kidney samples used as positive 97 

controls for some experiments were provided by the Basque Biobank for Research 98 

OEHUN (http://www.biobancovasco.org). All patients were informed about the 99 

potential use for research of their surgically rejected tissues, and accepted this 100 

eventuality by signing a specific document approved by the Ethical and Scientific 101 

Committees of the Basque Country Health System (Osakidetza). (CEIC 11–51). 102 

Sperm sample preparation 103 

Samples were left 30-45 minutes at room temperature for liquefaction before 104 

processing. Semen volume, sperm concentration and sperm motility were measured by a 105 

computerized sperm-assessment software system, SCA (Sperm Class Analyzer®, 106 

Microptic, Barcelona, Spain).  107 

Reagents 108 

Angiotensin (1-7) [Ang-(1-7)] was purchased by Sigma Aldrich (St. Louis, MO) and its 109 

antagonist A779 by Genscript (Piscataway, NJ). 110 

Incubation assays 111 

For incubation assays, sperm cells were separated in a unique centrifugation step (1800 112 

g, 15 min), as means of washing the seminal plasma, and resuspended in PBS (except 113 

for the acrosomic reaction experiment that will be explained later) at a minimum 114 

concentration of 30 x 106 cells/mL checking the absence of other cell types. With the 115 

aim of describing the effects of the activation of Mas receptor on the activation of 116 



PI3K/Akt pathway, sperm motility and acrosome reaction, the sperm cells were 117 

incubated with increasing concentrations of the Mas specific agonist angiotensin (1-7) 118 

and its antagonist A779, at different incubation times, at 37° C, using sterile PBS 119 

medium as vehicle. Thus, the isolated sperm cells were divided in six different aliquots, 120 

as follows: control (PBS), Ang-(1-7) 10-8 M, Ang-(1-7) 10-7 M, Ang-(1-7) 10-6 M, Ang-121 

(1-7) 10-7 M and A779 10-6 M, and A779 10-6 M. Sperm cells were pre-incubated with 122 

the antagonist A779 for 10 min before the agonist addition. For the assessment of Akt 123 

phosphorylation by western blot, the agonist and antagonist were removed in a brief 124 

centrifugation step (10000g, 10 min) and the pellets were rapidly frozen in liquid 125 

nitrogen. 126 

RT-PCR Analysis 127 

For PCR assays, a swim-up separation technique step was performed before plasma 128 

washing, so as to remove nonmotile cells, such as lymphocytes. We used multiple tubes 129 

with small volumes of fresh semen (250 µL) and 500–600 µL sterile PBS buffer above 130 

each fresh semen aliquot. After 60 min incubation at 37 C, most of the upper PBS layer 131 

was recovered from each tube and centrifugated at low speed (600g, 15 min), discarding 132 

the supernatant. 133 

The RNA of swim-up recovered spermatozoa was isolated by breaking cells with 1 mL 134 

of TRIzol® Reagent (Invitrogen, Carlsbad, CA). 200 µL of chloroform were added and, 135 

after 3 minutes incubation, samples were centrifugated for 10 minutes (10000 g, 4° C). 136 

Upper aquose layer was recovered and mixed with 500 µL isopropanol. Each sample 137 

was incubated for 10 minutes at room temperature and centrifugated again (10 min, 138 

10000g, 4° C). 500µL of ethanol 70% was added to the recovered pellets and left for a 3 139 

minutes ethanol evaporation. Each sample was resuspended in 15µL milliQ water. RNA 140 



concentration and integrity was assessed by a NanoDrop ND-100 system. cDNA was 141 

obtained using a SuperScript® II reverse transcriptase (Invitrogen, Carlsbad, CA). 142 

Primers used for PCR were as follows: human MAS1 5’-143 

TGTTGTTGAGGAACCCACGA-3’  and  5’-TTCTCATCCGGAAGCACAGG-3’ 144 

(161-bp product); human ACTB (β-actin) primers, 5′-145 

TCCCTGGAGAAGAGCTACGA-3′ and 5′-ATCTGCTGGAAGGTGGACAG-3′ (362-146 

bp product). 147 

PCR reactions were performed using the following parameters: 95 C for 5 min, 40 148 

cycles at 95 C for 30 sec, 58 C for 30 sec and 72 C for 1 min, followed by a final 149 

extension step at 72 C for 5 min. The mixture was electrophoretically separated on a 150 

1.5% agarose gel. 151 

SDS-PAGE and inmunoblotting 152 

For Western Blot, sperm cells were separated in a unique centrifugation step (1800 g, 153 

15 min), as means of washing the seminal plasma, and resuspended in PBS at a 154 

minimum concentration of 30 x 106 cells/mL. The pellets of sperm cells from 155 

incubation assays were diluted on lysis buffer, containing RIPA, with different protease, 156 

DNase and phosphatase inhibitor cocktail. 157 

For the characterization of the Mas receptor in human spermatozoa, sperm cell pellets 158 

were left unfreeze at room temperature and mixed with lysis buffer. The mix was put on 159 

ice, in constant agitation, for 30 minutes. The samples were sonicated in a 2 x 15 pulse 160 

(Amplitude 40, 0.5 cycles), plus other 15 pulse (Amplitude 70, 0.5 cycle) sequence, 161 

with 20 second of repose between each sonication step and then centrifugated (14500 g, 162 

15 min) and the supernatants recovered.  Proteins (sperm, ~1x106 cells/line; kidney, 30 163 

g) were boiled and then were loaded onto 12% resolving gels and separated by one-164 



dimensional SDS-PAGE. Proteins were then transferred to polyvinylidene fluoride 165 

membranes (AmershamTM HybondTM), using the Mini Trans-Blot electrophoretic 166 

transfer system (Bio-Rad Laboratories, Hercules, CA). Blotted membranes were 167 

incubated after 1 hour blocking, at 4° C, overnight, with primary anti-Masr1 polyclonal 168 

antiserum (dilution 1:200, Alomone Labs®, Jerusalem, Israel). Human kidney extract 169 

was used as a positive control. 170 

For the detection and quantification of phospho-Akt in agonist/antagonist incubated 171 

sperm cell samples, we used a similar sample-preparation protocol. A 1:300 dilution for 172 

rabbit anti (Ser473) phospho-Akt1 primary monoclonal antibody serum 173 

(MerckMillipore, Darmstadt, GE) was used. For both Mas1 receptor and phospho-akt 174 

detection assays, HRP-conjugated antirabbit IGG antiserum dilutions (1:1000 and 175 

1:3000, Cell Signalling Technology, Danvers, MA) were used. The chemiluminiscence 176 

analysis was performed in a BioRad’s Chemidoc gel analysis system and Quantity One 177 

software. 178 

Inmunofluorescence  179 

For inmunofluorescence assays, sperm cells were isolated by two following 180 

centrifugations at low speed (1800 g, 15 min.; 1600 g, 7 min), with a PBS resuspension 181 

in between, to remove the seminal plasma. The sperm cell pellets were resuspended in 182 

PBS buffer to get an approximate concentration of 30 x 106 cells/mL. Spermatozoa 183 

were capacitated by a swim-up procedure (Urizar-Arenaza et al., 2016). 184 

In order to localize Masr1 on sperm cell surface, cells suspended in PBS were smeared 185 

onto a slide coated with poly-l-lysine and were fixed with 4% paraformaldehyde for 10 186 

min. Slides were incubated in Triton X100 (1%) for 10 minutes at room temperature to 187 

permeabilize cell membranes. Slides were then washed three times in PBS and 188 



incubated for 30 min in PBS/10% (vol/vol) bovine fetal serum. For indirect 189 

immunofluorescence staining, slides were incubated with anti-Masr1 antiserum 190 

(Alomone Labs®, Jerusalem, Israel) at a dilution of 1:100 overnight at 4° C. Slides 191 

were then washed in PBS three times, incubated with Alexa Fluor 488 goat antirabbit 192 

IgG secondary antibody (Dilution 1:500, Molecular Probes, Eugene, OR) for 2 h at 37° 193 

C in the dark, washed in PBS three times (in some cases, we stained the nuclei with 194 

Hoechst 33342 during the second wash), assembled with Fluoromount G (EMS, 195 

Hatfield, UK), and finally examined by confocal microscopy. Negative controls were 196 

performed in the same way, except for omission of the primary antibody before 197 

secondary antibody addition. Positive control slides were prepared, using the control 198 

peptide preparation purchased by Alomone, along with the primary antibody. Cell 199 

nucleuses were stained with Hoechst Staining Reagent. 200 

Sperm Motility Analysis 201 

Motility analysis was conducted by computer-assisted sperm analysis (Sperm Class 202 

Analyzer) at time 0, 10, 30 and 60 min after drug addition to the medium (PBS as 203 

vehicle for control, Ang-(1-7) 10-7 M, Ang-(1-7) 10-7 M + A779 10-6 M, and A779 10-6 204 

M). Setting parameters and the definition of measured sperm motion parameters for 205 

computer assisted sperm analysis were established by the manufacturer: number of 206 

frames to analyze, 25; number of frames/sec, 25; straightness threshold, 80%; cell size 207 

range (low), 2; cell size range (high), 60; volume, at least 3.0 ml; sperm 208 

concentration/ml, at least 20 x 106; forward motility, at least 60%. To measure both 209 

sperm concentration and motility, aliquots of semen samples (10 µl) were placed into a 210 

prewarmed (37 ºC) Makler counting chamber (Sefi Medical Instruments, Haifa, Israel). 211 

For each repetition, 5 movies of 1 s (50-100 moving spermatozoa) were recorded in 212 

different fields on the top of the drop from at least two different drops of each sample 213 



from each specimen. The sperm motility descriptors that we examined were as 214 

described by Mortimer et al., (2000): (i) VCL, curvilinear velocity (the instantaneously 215 

recorded sequential progression along the entire trajectory of the sperm, measured in 216 

µm s-1); (ii) VSL, straight line velocity (the straight trajectory of sperm per unit of time, 217 

measured in µm s-1); (iii) VAP, mean velocity (the mean trajectory of sperm per unit of 218 

time, measured in µm s-1); (iv) LIN, linearity [defined as (VSL/VCL)x100]; (v) STR, 219 

straightness [defined as (VSL/VAP)x100]; (vi) WOB, wobble or oscillation coefficient 220 

[defined as (VAP/VCL)x100]; (vii) amplitude of head lateral movement (ALH), which 221 

is the head displacement along its curvilinear trajectory around the mean trajectory, 222 

measured in µm and (viii) beat cross frequency (BCF), the number of lateral oscillatory 223 

movements of the sperm head around the mean trajectory, measured in Hz. Moreover, 224 

per cent motile spermatozoa being defined as follows: progressive motility (velocity ≥ 225 

35 µm s-1 at 37 ºC), non progressive motility (velocity < 35 µm s-1 at 37 ºC) and 226 

immobile.  227 

Sperm acrosome reaction analysis 228 

Spermatozoa were capacitated by a swim-up procedure (Urizar-Arenaza et al., 2016) 229 

and resuspended in G-IVF supplemented with 1% bovine serum albumin for 3 h at 37 230 

°C under 5% CO2. Acrosome reaction was measured by flow cytometry after 1h of drug 231 

addition to the medium (PBS as vehicle for control, Ang-(1-7) 10-7 M, Ang-(1-7) 10-7 M 232 

+ A779 10-6 M, and A779 10-6 M). We used Fluorescein IsoTioCyanate (FITC) 233 

antihuman CD46 (for 60 min at room temperature; BioLegend, California, USA) and 234 

Hoechst 33258 (2 min at room temperature; Sigma-Aldrich, Missouri, St. Louis, USA) 235 

as acrosome reaction molecular marker and viability dyes respectively. Samples were 236 

checked visually by confocal microscopy to verify the signal of the dyes. Green positive 237 

cells represented acrosome-reacted spermatozoa. Fluorescence data from at least 100 238 



000 events were analysed in a flow cytometer (FACScalibur; Becton Dickinson, San 239 

Jose, CA, USA). To ensure fluorescence data were from live spermatozoa, the 240 

percentage of Hoechst 33258-positive events was determined by subtraction of 241 

background fluorescence in each histogram. Histograms were analysed using the 242 

Summit v4.3 software (Beckman Coulter, California, USA). 243 

Statistics 244 

Results shown represent mean ± s.e.m. Statistical analysis was performed by ANOVA 245 

with a post hoc analysis by the least significant difference t test. Differences were 246 

considered significant for P values of < 0.05. 247 

Results 248 

RT-PCR analysis of Mas receptor mRNA in human spermatozoa 249 

We detected the presence of Mas receptor transcript in human spermatozoa using RT-250 

PCR. The expected 161-bp fragment for the Mas was detected also in samples of human 251 

kidney (positive control). The housekeeping gene ACTB was detected in all tissues. 252 

Finally, retrotranscriptase-negative controls show the absence of genomic DNA in the 253 

used samples (Fig. 1a). 254 

Immunoidentification of Mas protein in human spermatozoa 255 

To check the presence of Mas receptor, the figure 1b shows representative western blot 256 

using human spermatozoa and human kidney (positive control). The anti-Mas receptor 257 

polyclonal antiserum labeled major two bands at around 40 and 45 kDa both in 258 

spermatozoa and in positive control. We also found a band around 30 kDa in kidney 259 

protein extract.  260 



Immunocytochemical localization of Mas in human spermatozoa 261 

Immunofluorescence analysis revealed that Mas receptor was present in the human 262 

spermatozoa. The main labeling was detected in the sperm head, over the acrosomal 263 

region and in the flagellum. On the contrary, neither in the postacrosomal region nor in 264 

the neck was any signal detected (Fig. 1c). When the antibodies were blocked with the 265 

specific peptide before addition to the sperm sample, no specific fluorescence was 266 

observed (Fig. 1c). Finally, when primary antiserum was omitted before secondary 267 

antibody addition, no specific fluorescence was observed (Data not shown). When the 268 

spermatozoa were capacitated, the immunostaining did not vary (Fig. 1d). 269 

Effect of Mas agonist angiotensin-(1-7) [Ang-(1-7)] and/or the antagonist A779 on 270 

Akt phosphorylation in human spermatozoa. 271 

To investigate if Ang-(1-7) induces the activation of Akt, we evaluated the effect of the 272 

in vitro incubation of spermatozoa with Ang-(1-7) on Akt phosphorylation at different 273 

concentrations (0.01 to 1 µM) and different times (10, 30 and 60 minutes). As shown in 274 

Fig. 2a, Ang-(1-7) induced the phosphorylation of Akt at dose-dependent manner after 275 

10 minutes incubation. The Mas receptor antagonist, A779, blocked the stimulating 276 

effect of Ang-(1-7) on Akt phosphorylation. The administration of the Mas antagonist 277 

by itself did not affect the phosphorylation of Akt. The incubation during 30 min (Fig. 278 

2b) and 1 hour (Fig. 2c) did not show any significant difference between the treatments. 279 

Protein loading in gels was evaluated and corrected by reblotting membranes with anti-280 

β-actin (ACTB) antibody (n=3 for each time and condition). 281 

Sperm motility after the in vitro incubation with Mas agonist angiotensin-(1-7) [Ang-282 

(1-7)] and/or the antagonist A779 283 



We analyzed motility parameters related to progressivity of spermatozoa and we see 284 

how the incubation of sperm cells, from normal motility samples (total motility ≥ 40%; 285 

progressive motility ≥ 32%) (WHO, 2010), with Mas agonist and/or antagonist did not 286 

modify significantly any of the percentage of sperm cells during the tested times (Fig. 287 

3a). Conversely, using sperm cells from astenozoospermic patients (total motility < 288 

40%; progressive motility < 32%), the Mas receptor agonist Ang-(1-7) (at 10-7 M) 289 

increased the percentage of progressive mobile spermatozoa at 10 min of incubation 290 

(Fig. 3b), whereas the percentage of immotile cells decreased (Fig. 3b). The differences 291 

were significant compared to all other treatments: control, Ang-(1-7) (10-7 M) + A779 292 

(10-6 M) and A779 (10-6 M) alone (Fig. 3b). At 30 minutes of incubation, the percentage 293 

of progressive mobile cells decreased in the samples incubated with the agonist and, 294 

consequently, the percentage of progressive motile cells for all treatments was equalized 295 

(Fig. 3b). On the other hand, while the number of immobile spermatozoa increased for 296 

the samples incubated with the agonist, there was a significant difference of motile cells 297 

(non-progressive) in comparison with the control and with the samples co-incubated 298 

with the agonist and the antagonist (Fig. 3b). In this case, the samples incubated only 299 

with the antagonist showed the same percentages as the samples treated with the agonist 300 

(Fig. 3b). Finally, after 60 minutes of incubation, the motility percentages for all 301 

treatments were equalized (Fig. 3b). 302 

Mas protein quantity and the effect of Mas agonist/antagonist on p-Akt in 303 

asthenozoospermic patients’ spermatozoa 304 

When we semi-quantitatively compared the amount of Mas receptor between samples of 305 

normozoospermic and astenozoospermic patients, we saw that there were no significant 306 

differences between the two populations (Fig. 4a). On the other hand, spermatozoa from 307 

asthenozoospermic patients showed the same pattern of phosphorylation of Akt at 10 308 



minutes of incubation with the agonist Ang-(1-7) (10-7 M) and, although the antagonist 309 

A779 (10-7 M) did not generate any phosphorylation signal, it was not able to block the 310 

effect of the agonist when when they were incubated together (Fig. 4b). 311 

Sperm acrosome reaction after the in vitro incubation with Mas agonist angiotensin-312 

(1-7) [Ang-(1-7)] and/or the antagonist A779 313 

The incubation of sperm cells with Ang-(1-7) did not change the percentage of 314 

acrosome reacted cells compared to the control (Fig. 5). Likewise, none of the other 315 

treatments performed (co-incubation of agonist and antagonist or the antagonist alone) 316 

generated differences in relation to the percentage of acrosome reacted cells compared 317 

to the control (Fig. 5).  318 

Discussion 319 

The presence of the ACE/AngII/AT1R and AT2R axis has been described in male 320 

reproductive system and some physiological roles have been suggested for those 321 

compounds (Vinson et al., 1996; Passos-Silva et al., 2013; Gianzo et al., 2016) 322 

However, there are few studies regarding the ACE2/Ang-(1–7)/Mas axis. It has been 323 

observed that men with spermatogenesis impairment have lower levels of the 324 

compounds of that axis when they are compared with fertile subjects (Reis et al., 2010), 325 

but it is not known if Mas receptor is present in sperm cells, if it is active or what could 326 

be its function. Therefore, in our present work, we have verified the presence of the Mas 327 

receptor in human mature spermatozoa, not only at the mRNA level but also at protein 328 

level. Moreover, we have elucidated that the sperm incubation with the Mas specific 329 

agonist Ang-(1–7) and/or the antagonist A779 activated Mas receptor, modulating the 330 

Akt phosphorylation-pattern. In addition, the activation of Mas was able to modulate the 331 

sperm motility but not the acrosome reaction.  332 



RT-PCR revealed the presence of Mas mRNA in the human spermatozoa and western 333 

blot analysis revealed the presence of Mas receptor protein in human spermatozoa. We 334 

detected two bands of about 40 and 45 kDa in spermatozoa and in the kidney cells, used 335 

as positive control, which accords in size with the certificate of analysis of the 336 

manufacturer and previous reports (Olivon et al., 2015; Ali et al., 2016). 337 

Immunofluorescence analysis revealed the presence of the Mas protein in the human 338 

sperm head with more intensity at the acrosomal region, but also in the tail. Due to the 339 

highly polarized structure and function of spermatozoa, they require the 340 

compartmentalization of particular metabolic and signaling pathways to specific regions 341 

(Aquila et al., 2004) and that was the reason why it would be interesting to test if the 342 

Mas receptor was related to a possible function in the motility or the acrosome reaction, 343 

as it has been seen in other works carried out with different compounds (Agirregoitia et 344 

al., 2006, 2010).  345 

Even so, firstly, we needed to know if the Mas receptor in spermatozoa was functionally 346 

active or not. For this purpose, we carry out agonism/antagonism experiments to 347 

observe the phosphorylation-pattern of Akt kinase, since it has been reported that Ang-348 

(1–7) phosphorylates the PI3K/Akt pathway via the Mas receptor (Giani et al., 2007; 349 

Sampaio et al., 2007). We verified that Mas agonist Ang-(1-7) induced the 350 

phosphorylation of Akt at dose-dependent manner after 10 minutes incubation, as it has 351 

been previously described for other tissues (Giani et al., 2007; Sampaio et al., 2007). In 352 

addition, the Mas receptor antagonist, A779, blocked the stimulating effect of Ang-(1-7) 353 

on Akt phosphorylation, a fact that has been observed in other tissues and that led to the 354 

conclusion that the Mas receptor was active in said tissues (Muñoz et al., 2010). 355 

Although the presence of the agonist during 30 min of incubation seemed to show a 356 

positive trend in the level of phosphorylation of Akt, this variation was not really 357 



significant. Finally, the phosphorylation rate it is not different from the control after one 358 

hour of incubation. Thus, it seems that the Mas receptor present in the spermatozoa is 359 

functionally active and, for the following experiments, we used one of the agonist 360 

concentration that mostly phosphorylated the Akt (10-7 M). 361 

Once the activity of the receptor Mas in the mature spermatozoa was verified, we 362 

carried out experiments to observe the effect of the activation of the receptor on the 363 

sperm mobility. Spermatozoa mature during epididymal transit due to a series of 364 

morphological, biochemical and physiological changes. Once human spermatozoa, in 365 

seminal plasma, are deposited in the vagina, they must swim through the cervical 366 

mucus, traverse the uterus, enter the oviduct and finally bind to the oocyte if they have 367 

been “capacitated” during transport through the female reproductive tract 368 

(Yanagimachi, 1994). Sperm motility patterns associated with each of these mentioned 369 

regions differ due to differences in the physical and chemical composition of the micro-370 

environments encountered by the spermatozoa (Mortimer, 1997) . Even so, when sperm 371 

motility is lower than recommended, as in asthenozoospermic patients, problems in the 372 

ability to fertilize may occur (Mortimer, 2000). As we have observed, the proportion of 373 

progressive motile spermatozoa increased by the incubation of spermatozoa of 374 

astenozoospermic patients with the selective Mas receptor agonist Ang-(1-7), a fact that 375 

was blocked by the antagonist A779. This observation coincides with the previous 376 

studies where it was described that the phosphorylation of Akt increases the number of 377 

motile and progressive motile spermatozoa (Sagare-Patil et al., 2013; Zhang et al., 378 

2017). At the used concentration, Ang-(1-7) was able to improve the sperm motility via 379 

Akt from 10 to 30 minutes. Even so, it did not generate changes in any of the other 380 

motilities analyzed (Supplementary Fig. 1).  381 



Once these results are known, we wanted to know if there was any difference between 382 

normozoospermic and asthenozoospermic samples, but the amount of Mas receptor 383 

between both samples did not varied. Moreover, the location of Mas in spermatozoa of 384 

asthenozoospermic samples did not vary in comparison with normal motility samples 385 

(data not shwon). Finally, the Ang-(1-7) itself was also able to phosphorylate the Akt as 386 

well as in the normozoospermic ones, but we found a difference: the A779 antagonist 387 

was not able to block the effect of the agonist on the astenozoospermic samples, as we 388 

observed in the normozoospermic samples. This leads us to think that there could be 389 

some action of the Ang-(1-7) by other receptor that was not Mas in the sperm defined as 390 

astenozzospermic, since it has been recently described that the Ang-(1-7) is also able to 391 

bind to MRGPRD (Mas1-related GPCR) and AT2 (AngII type 2) receptors, and maybe 392 

AT1 (Karnk et al., 2017).  393 

Finally, in the experiments performed to see if the activation of the Mas receptor was 394 

able to modify the amount of acrosome-reacted sperm cells, we did not observe any 395 

difference between the treated spermatozoa and the control. Therefore, it seems that, at 396 

least at the concentration and times used, the Mas receptor is also not able to modulate, 397 

by activating the Akt, the acrosome reaction, as has been described previously for other 398 

compounds and receptors (Sagare-Patil et al., 2013). Even so, as with other substrates, it 399 

cannot be ruled out that it could act as a modulator of the acrosome reaction triggered 400 

by other stimuli (Xu et al., 2017). 401 

In conclusion, we report for first time the presence of functional Mas receptors in 402 

human spermatozoa and we show that its activation participates in regulating sperm 403 

motility of asthenozoospermic patients. These findings suggest that the ACE2/Ang-(1–404 

7)/Mas axis may be a useful biochemical tool for the treatment of male infertility, 405 

although more experiments with animal models will be necessary to elucidate whether 406 



the modulation of this axis of communication really has a future in the reproduction 407 

field. 408 
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 500 

 501 

Figure legends 502 

Figure 1. a) mRNA expression of MAS1 receptor and β-Actin (ACTB) in human 503 

spermatozoa (Sp) and kidney. MAS1 amplified fragment using primers specific for the 504 

human MAS1 receptor (161 bp band). ACTB was used as endogenous control (362 bp). 505 

A representative RT-PCR experiment is shown; n = 3. b) Western blotting analysis of 506 

Mas1 receptor in human spermatozoa (Sp) and human kidney using a rabbit antiserum 507 

against the the Mas1 receptor protein. Molecular weights (MW-kDa) are indicated on 508 

the left. A representative western blot of those obtained with 3 normozoospermic donors 509 

is shown. c) Immunofluorescence analysis of Mas1 receptor in human spermatozoa. The 510 

negative control consisting of preadsorption of primary antibody with the specific 511 

blocking peptide. d) Immunofluorescence analysis of Mas1 receptor in human 512 



capacitated spermatozoa (Sp). Mas1 staining is shown in green. Hoechst-labeled DNA 513 

is shown in blue. n = 5. Representative photomicrographs are shown. The scale bar 514 

represents 10 µm. 515 

Figure 2. Effect of Mas1 agonist angiotensin-(1-7) [Ang-(1-7)] and/or the antagonist 516 

A779 on Akt phosphorylation in human sperm. a) Dose-response experiment after 10 517 

minutes of incubation with Ang-(1-7) at 0, 10-8, 10-7 and 10-6 M; blocking experiment 518 

after 10 minute of incubation with Ang-(1-7) at 10-7 M and A779 at 10-6 M; control 519 

experiment after 10 minutes of incubation with A779 alone at 10-6 M. b) The same 520 

experimentation after 30 minute of incubation. c) The same experimentation after 60 521 

minutes of incubation. To determine p-Akt protein abundance, the same extracts were 522 

reblotting with anti-ACTB. The histogram shows the p-Akt mean ± S.E.M of 3 different 523 

experiments corrected by ACTB content. Significant differences between treatments are 524 

indicated with different letters; P < 0.01 in all cases. n = 3. 525 

Figure 3. Effect of incubation with Mas agonist and/or antagonist on sperm motility. 526 

Comparison of sperm cell % divided in progressive motility, non-progressive motility 527 

and immotility after incubation at 0, 10 min, 30 min and 60 min with angiotensin-(1-7) 528 

[Ang-(1-7)] 10-7 M (orange), Ang-(1-7) 10-7 M + A779 10-6 M (grey), A779 alone 10-6 529 

M (yellow) and control (blue) for a) normal motility samples and b) asthenozoospermic 530 

samples. Significant differences between treatments are indicated with different letters. 531 

P < 0.01. n = 8 independent donor for each condition. 532 

Figure 4. Mas1 protein quantity and the effect of Mas1 agonist/antagonist on p-Akt in 533 

asthenozoospermic patients’ spermatozoa. a) Western blotting analysis of Mas1 receptor 534 

in normozoospermic spermatozoa (Normo) and asthenozoospermic spermatozoa 535 

(Astheno) using a rabbit antiserum against the Mas1 receptor protein. The histogram 536 



shows the Mas1 mean ± S.E.M of 3 different experiments corrected by ACTB content. 537 

A representative western blot of those obtained with 3 donors is shown. b) effect of 538 

Mas1 agonist angiotensin-(1-7) [Ang-(1-7)] and/or the antagonist A779 on Akt 539 

phosphorylation in asthenozoospermic sperm after 10 minutes of incubation with Ang-540 

(1-7) at 10-7; blocking experiment after 10 minute of incubation with Ang-(1-7) at 10-7 541 

M and A779 at 10-6 M; control experiment after 10 minutes of incubation with A779 542 

alone at 10-6 M. To determine p-Akt protein abundance, the same extracts were 543 

reblotting with anti-ACTB. The histogram shows the p-Akt mean ± S.E.M of 3 different 544 

experiments corrected by ACTB content. Significant differences between treatments are 545 

indicated with different letters; P < 0.01 in all cases. n = 3. 546 

Figure 5. Effect of incubation with Mas agonist and/or antagonist on sperm acrosome 547 

reaction. Acrosome-reacted sperm cell % after incubation with angiotensin-(1-7) [Ang-548 

(1-7)] 10-7 M (black), Ang-(1-7) 10-7 M + A779 10-6 M (squares), A779 alone 10-6 M 549 

(grey) and control (withe) for 1h. n = 8.  550 

Supplementary figure 1. Effect of incubation with Mas agonist and/or antagonist on 551 

sperm kinetic in human spermatozoa. % of sperm cells in regarding kinetics parameters, 552 

in response to incubation with Ang-(1-7) (black), Ang-(1-7) + A779 (grey), A779 553 

(lined) or vehicle (white): curvilinear velocity (VCL - µm/s), straight line velocity (VSL 554 

- µm/s), average path velocity (VAP - µm/s), linearity (LIN - µm/s, straightness (STR - 555 

µm/s), wobble (WOB - µm/s), amplitude of lateral head (ALH - Hz) and beat cross 556 

frequency (BCF - Hz).  557 
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