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Abstract

The aim of this study was to determine if ejaculation modifies the testicular and accessory sex glands’ blood flow after
ejaculation, and if those changes differ according to the process that leads to ejaculation. Twelve adult Corriedale rams were
used and assigned at random to the four procedures that lead to ejaculation: (G1) electroejaculation; (G2) artificial vagina;
(G3) transrectal ultrasound-guided massage of the accessory sex glands; (G4) natural mating. Hemodynamic characteristics
evaluation of the male reproductive system was conducted immediately before and at 30 and 90 min after ejaculation. The
internal iliac artery peak systolic velocity (PSV) decreased (P=0.01) and supratesticular artery PSV increased (P=0.042)
90 min after ejaculation in all groups. In conclusion, ejaculation modifies the reproductive system’s blood flow, with slight
variations depending on the studied ejaculation methods. Additionally, ejaculation altered the internal iliac and supratesticular
arteries PSV, and the supratesticular artery end-diastolic velocity (EDV) in rams. The supratesticular artery PSV was the

only studied variable that differed according to the procedure that triggered the ejaculation.
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Introduction

The reproductive systems’ blood supply is of great impor-
tance in the evaluation of the reproductive potential of males
since it is the main route through which nutrients, oxygen,
and hormones arrive and regulate its functions (Dyce et al.
2017; Samir et al. 2021). Moreover, blood flow is the main
source of heat in the testis, which, on the other hand, can
affect testis function and spermatogenesis (Kastelic et al.
2018). Although it has been reported that sexual stimulation
increases fluid content in rams’ testis (Ungerfeld and Fila
2011), there is scarce information available on the effects
of sexual arousal and/or post-ejaculation refractoriness on
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blood flow arriving at the reproductive system, particularly
in farm animals. It should be considered that ejaculation
triggers important changes in the cardiovascular system, as
immediately after ejaculation, there is a peak in heart rate
in rams (Orihuela and Ungerfeld 2016), accompanied by
a concomitant increase in cardiac output. The process that
triggers ejaculation might also influence changes in blood
flow, as natural mating involves an important increase in the
heart’s workload due to intense muscular activity (Too et al.
1973), in addition to the local rise in blood pressure required
for penile erection (Sjaastad et al. 2010).

The process of erection and ejaculation is complex and
depends on the interaction of multiple systems, including the
nervous, endocrine, muscular, and vascular systems (Watson
1964). In small ruminants, semen can be collected through
different techniques, each with different emphases on the
structures that are stimulated. In effect, while semen col-
lection using an artificial vagina (AV) involves processes
similar to mating and ejaculation, the collection with electro-
ejaculation (EE) entails the application of low-intensity elec-
trical pulses with a transrectal probe, eliciting penis erection,
semen emission, and ejaculation (see review: Abril-Sanchez
et al. 2019). Electrical discharges stimulate most nerves and
muscles of the region, including branches of the hypogastric
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plexus that innervate the seminal vesicle, prostate gland,
and vas deferens, the pudendal nerve, which has branches
that innervate the proximal region of the urethra, but also
induces strong contractions of all the muscles surrounding
these areas (see review: Abril-Sanchez et al. 2019). These
stimuli elicit vigorous muscular contractions, leading to
significant increases in creatine kinase concentration that
persist elevated for several hours (Abril-Sanchez et al. 2017).
Notably, changes in heart rate during semen collection using
electroejaculation (EE) are similar in both anesthetized and
non-anesthetized rams (Orihuela et al. 2009), suggesting that
the stimuli elicit an intense cardiovascular response inde-
pendent of the animal’s consciousness.

Recently, an alternative technique has been developed for
semen collection in small ruminants: transrectal ultrasound-
guided massage of the accessory sex glands (TUMASG)
(Santiago-Moreno et al. 2013). This technique involves
inserting an ultrasound probe to the rectum to locate and
massage the ampulla of the vas deferens and the bulboure-
thral gland. It also includes pressing it against the symphysis
pubis, and massaging the penile, perineal, and pelvic parts
of the urethra (Santiago-Moreno et al. 2013). In certain spe-
cies and individuals, TUMASG may require the administra-
tion of some electrical pulses with the EE probe, albeit to a
lesser extent than when semen is collected exclusively with
EE (Ungerfeld et al. 2015). Consequently, the utilization of
different techniques could lead to variations in changes in
blood flow to the reproductive system.

For instance, in bucks, Guerrero-Gutierrez et al. (2021)
reported a tendency for an increase in blood flow velocity
in the seminal vesicle after EE and TUMASG. Similarly,
Alonge et al. (2018) observed an increase in prostatic vas-
cular flow after ejaculation induced by digital manipula-
tion of the penis in dogs. In contrast, Shafik et al. (2007)
could not record changes in canine testicular blood flow
after ejaculation induced by prostatic electrovibration. In
humans, orgasm induced through deep prostatic massage
elicits greater muscular contractions compared to direct
penile stimulation, resulting it more intense and diffuse
(Alwaal et al. 2015).

Regarding the above-mentioned reports, Doppler ultra-
sound could be an interesting tool to study changes in blood
flow because it is a non-invasive and effective method to
evaluate the hemodynamics of the male reproductive system
that has been used in several species (Samir et al. 2021).
Employing the use of spectral Doppler mode, it is possible
to determine the extent of blood perfusion of an organ of
the reproductive system by assessing indices and velocities
of blood flow within the corresponding supplying artery.
A decrease in these indices (resistance or pulsatility index)
indicates an increase in vascular perfusion of the tissues
evaluated. These measurements provide relevant information
for the andrological examinations, infertility diagnosis, and

@ Springer

follow-up evaluations (Ginther 2007). Indeed, evaluating the
hemodynamic characteristics of the cranialis prostatic artery
in dogs by spectral Doppler ultrasonography, Alonge et al.
(2018) found that the resistance index decreases significantly
following ejaculation. Similarly, recent research in goats
showed that blood flow velocities from the ampulla branch
to the vesicular gland increase after ejaculation (Guerrero-
Gutierrez et al. 2021).

Considering all this information, we hypothesized that the
blood flow received by the different organs of the reproduc-
tive system of rams increases temporarily after ejaculation
and differs according to the process that leads to ejaculation
(natural mating, AV, EE, or TUMASG). Hence, the main
objective of the present study was to determine if the pro-
cesses that lead to ejaculation modify the supratesticular and
internal iliac arteries’ blood flow as estimations of the blood
that arrive at the testes, epididymis, and accessory glands,
and if those changes differ after natural mating, AV, EE, or
TUMASG in rams.

Materials and methods
Animals and general handling

This study was conducted in the Facultad de Veterinaria,
Montevideo, Uruguay (latitude: 34°79'S, longitude:
56°06'W). The procedures used and animal care approaches
were approved by the Comision de Etica en el Uso de Ani-
males (CEUA) of the Universidad de la Republica (UdelaR,
Uruguay). Twelve adult Corriedale rams (3 to 6 years old,;
78.4 + 10.2 kg of body weight, and 2.5 to 3.5 of body condi-
tion score (range 1-5) (mean + SD)) andrologically evalu-
ated were used in this study. All animals were maintained
in a sheepfold (approximately 300 m?), with easy access to
sheds, fed with hay and mixed with a commercial concen-
trate (~200 g/animal/day of concentrate that covered mainte-
nance requirements; Adrelin, Young, Rio Negro, Uruguay),
and free access to mineral salt licks and water. All the ani-
mals were trained for semen collection with AV and were
also habituated to EE and TUMASG as were involved before
in other experimental studies that required the application
of these techniques. Four days before the beginning of the
study, semen was collected from all the animals with AV to
homogenize their spermatic reserve.

Experimental design

All the rams were subjected to the four procedures that lead
to ejaculation, including the three procedures of semen col-
lection (AV, EE, and TUMASG) and natural mating as a
control in a Latin square design, so overall, semen was
collected from the 12 animals with the four procedures
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(overall = 48 collections from 12 animals). For this, semen
was collected from six rams/day, applying each procedure
to 1-2 rams each day, alternating the procedures and the
sequence, therefore applying all the procedures to all the
rams in 8 days.

Semen collection procedures

Rams were individually moved to a pen located 50 m from
their pen, without visual connection with their pen for col-
lecting semen. For natural mating and for collecting semen
with an AV, an estrous ewe was located ina4 m X 2 m
pen. Receptivity was induced with the application of intra-
vaginal sponges impregnated with 30 mg of medroxypro-
gesterone acetate for 6 days, followed by the administration
of an analogue of PGF2alpha (Delprostenate, Glandinex,
Universal, Montevideo, Uruguay) and the administration of
0.5 mg of estradiol cypionate (Cipiosyn, Zoetis, Montevi-
deo, Uruguay) at sponge withdrawal, followed by a second
and third administration of 0.25 mg of estradiol cypionate.
Receptiveness was determined with another teaser ram not
used in the study.

Electroejaculation was performed using an automatic
electroejaculator equipment provided with a probe of 16 cm
length X 2.5 cm width, with three longitudinal electrodes
(ePorvac, €325 model, Argentina). The rams were stimulated
with 3 pulses of 3 V, increasing 1 V and 1 pulse in each
series, until ejaculation. Only one animal did not ejaculate
and the maximum voltage applied was 7 V with 15 pulses
(16.8 + 9.7 pulses, range 3-33 (mean + SD)). The equip-
ment had manual control of pulses, which were applied for
3 s alternating rest periods of approximately 3 s.

The TUMASG procedure was performed using the
MyLab One Vet ultrasound scanner equipped (Esaote,

§C3123

37.58 cm/s
17.04 cm/s
0.55

Fig.1 A Spectral Doppler ultrasonography of the supratesticular
artery to obtain blood flow indices and velocities (PSV, EDV, RI) of
rams. EDV, end-diastolic velocity; PSV, peak systolic velocity; RI,
resistance index. B Spectral Doppler ultrasonography of the internal

Genoa, Italy) according to Santiago-Moreno et al. (2013).
Briefly, the accessory sex glands were observed by real-time
transrectal ultrasonography using a 6-10 MHz linear-array
multi-frequency transducer with a plastic extension to allow
its external manipulation. The transducer was placed in the
region of the ampulla of the vas deferens to begin massag-
ing the gland with vigorous back-and-forth movements, in
the cranial and caudal directions, to promote ejaculation.
The procedure was performed for 3 min, and if ejaculation
did not occur, two or three pulses of 4 V of EE were applied
with the same equipment as for the EE procedure, followed
by another massage cycle for 3 min, and if still the ram did
not ejaculate, EE was used again with the same pulse and
voltage sequence (3.2 + 2.6 pulses, range 3-9) until the ani-
mal ejaculated or completed 10 min of the entire procedure.
Nine animals ejaculated, and three of them did not require
the application of EE.

Blood flow recordings

Doppler ultrasound evaluations were performed immedi-
ately before, and 30 and 90 min after each procedure with
the MyLab One Vet ultrasound scanner equipped. Hemo-
dynamic characteristics evaluation of the supratesticular
(Fig. 1A) and internal iliac arteries (Figure 1B) was per-
formed using pulsed wave Doppler ultrasound to obtain
spectral tracing and vascular indices. A minimum of three
waves from each scanning was used for the evaluation. After
the correction of the insonation angle (maximum 60°) and
artifact-free tracing, the caliper was placed into the lumen
of the internal iliac and supratesticular arteries, the images
were frozen, and a wave analysis was performed to deter-
mine the peak systolic velocity (PSV), end-diastolic veloc-
ity (EDV), and resistance index (RI = [PSV-EDV]/PSV).

iliac artery to obtain blood flow indices and velocities (PSV, EDV,
RI) of rams. EDV, end-diastolic velocity; PSV, peak systolic velocity;
RI, resistance index
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All the velocimetric indices were determined automatically
(Rodriguez et al. 2020).

Internal iliac artery spectral Doppler ultrasonography was
studied with a linear-array multi-frequency transducer (6 to
8 MHz) and a plastic extension to allow external manipula-
tion. The supratesticular artery was evaluated using a micro-
convex multi-frequency transducer (5 to 10 MHz) for the
trans scrotal exam at the location of the right pampiniform
plexus to assess the supratesticular artery.

Statistical analysis

The experimental design used was a Latin square. The resid-
ual normality and variances homoscedasticity were initially
tested using the Shapiro-Wilk and Bartlett tests, respec-
tively. All the procedures and variables that were normally
distributed, or normalized with adequate transformations,
were compared between treatments with a mixed model
(proc mixed; SAS OnDemand for Academics) including
the treatment, time to the procedure, and their interaction as
main effects, and the day of evaluation as a random effect.
The main results are presented as LS mean + pooled SEM.
Differences were considered significant when P < 0.05.

Results

The hemodynamic indices and velocities of the suprates-
ticular and the internal iliac arteries, and the P values of
the main effects, are presented in Table 1. The procedures
per se did not modify any variable. However, the internal
iliac and supratesticular arteries PSV and, supratesticular
artery EDV changed with time. The internal iliac artery
PSV decreased 90 min after ejaculation in relation to ini-
tial values (P=0.01, Fig. 2A), while supratesticular artery
PSV increased gradually independently of the procedure
used (P=0.04), reaching maximum values 90 min after

Table 1 Hemodynamic indices and velocities of the internal iliac and
supratesticular arteries recorded immediately before, 30 and 90 min
after ejaculation with electroejaculation (EE), artificial vagina (AV),

ejaculation. The supratesticular artery EDV increased 90
min after ejaculation (P=0.01, Fig. 2B).

There was also a significant interaction between time and
procedures in the supratesticular artery PSV (P=0.046): 30
min after ejaculation values were greater in TUMASG and
EE than in NM and AV; and 90 min after ejaculation values
were greater in AV than TUMASG and NM, with no differ-
ence in EE with the other groups (Fig. 3). Furthermore, the
internal iliac artery EDV and the internal iliac and suprat-
esticular arteries RI did not differ with time, treatments, or
their interaction.

Discussion

To the best of our knowledge, this is the first study to
describe the general changes in the blood flow that irrigates
the reproductive system induced by ejaculation in farm ani-
mals. Furthermore, this study also provides a wider over-
view, demonstrating that the procedure by which the ram
ejaculates also influences some of these changes. The results
of the present study demonstrate that ejaculation affects the
blood supply of the reproductive system of rams. While
a previous study described blood flow patterns following
semen collection using artificial vagina in rams (Ntemka
et al. 2021), another recent study reported the effect of ejacu-
lation induced by TUMASG and EE on the seminal vesicle
blood flow in bucks (Guerrero-Gutierrez et al. 2021). After
ejaculation, an increase in scrotal surface temperature has
been observed in cattle (Kastelic et al. 1996), which may
also explain the increase in PSV and EDV of the suprates-
ticular artery after ejaculation in the present study, as the
blood flow achieving by the testicular vascularization is the
main source of testicular heat (Kastelic and Rizzoto 2020).

The responses to EE and TUMASG were similar despite
the stimulation of different organs with different emphases.
In general, ejaculation depends on the complex interaction

transrectal ultrasound-guided massage of the accessory sex glands
(TUMASG), and NM: natural mating as a control (NM) in rams (LS
mean + pooled SEM)

Variable EE AV TUMASG Pooled SEM P
Tr Ti Tr x Ti

PSVi 75.0 78.4 74.1 78.2 5.05 ns 0.01 ns
EDVi 17.3 18.3 17.2 17.6 1.51 ns ns ns

RIi 0.7 0.7 0.7 0.7 0.25 ns ns ns
PSVst 38.6 35.6 36.3 333 1.79 ns 0.04 0.04
EDVst 17.2 16.3 15.6 14.6 1.18 ns 0.01 ns
Rlst 0.5 0.5 0.5 0.5 0.03 ns ns ns

Tr, treatment; 71, time; 7r x Ti, treatment and time interaction; PSVi, iliac artery peak systolic velocity; EDVi, iliac artery end-diastolic velocity;
RIi, iliac artery resistance index; PSVst, supratesticular artery peak systolic velocity; EDVst, supratesticular artery end diastolic velocity; Rlst,

supratesticular artery resistance index; ns, not significant
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50 In rams, it has been previously demonstrated that mating,
E B AB A even an estrous or a non-estrous ewe, triggers an important
i * increase in their heart rate, reaching maximum values imme-
é 45 diately after ejaculating (Orihuela and Ungerfeld 2016).
> Similarly, in humans, there is an increase in norepineph-
% 40— rine in the bloodstream after ejaculation, which promotes
5 an increase in the amplitude of the QRS complex (a com-
E bination of the Q wave, R wave and S wave that represents
% 35 ventricular depolarization) and blood pressure (Banerjea and
g Sen 1976). These observations provide an explanation for
a the postejaculatory increases in the supratesticular artery
30 T T T hemodynamic velocities observed in our study.
BE 30 %0 Furthermore, it is important to consider that sexual
Time stimulation and mating increase cortisol secretion in rams
(minutes after ejaculation) (Gonzalez et al. 1988), leading to an increase in heart rate.
o EE B AV -A- TUMASG V- NM Similarly, both EE and TUMASG are stressful procedures,

Fig.3 Supratesticular artery systolic peak velocity (PSV), before
(BE), 30 and 90 min after ejaculation with electroejaculation (EE),
artificial vagina (AV), transrectal ultrasound-guided massage of the
accessory sex glands (TUMASG), and natural mating (NM) in rams.
Letters denote significant differences with time, and asterisks show
differences between treatments in specific times (interaction between
treatment and time): 30 min: TUMASG and EE X AV and NM, and
90 min: AV X NM and TUMASG (P < 0.05)

of sympathetic and parasympathetic pathways as well as
hormonal response, and may consequently affect the cardi-
ovascular system, reflected by alterations of systolic blood
pressure during ejaculation in man; this may be attributed
to the involvement of oxytocin in the central control of
blood pressure (Alwaal et al. 2015; Carmichael et al. 1994;
Graber et al. 1985).

and thus, also can trigger increases in cortisol concentrations
(Abril-Sanchez et al. 2018; Damian and Ungerfeld 2011),
which may contribute to the similar responses between
procedures. On the other hand, the massage used during
TUMASG was not as effective to induce ejaculation as in
other species (Abril-Sanchez et al. 2019) and most rams
received electrical pulses, which might be enough to trigger
changes similar to those provoked by EE. Therefore, it would
be interesting to investigate whether changes in blood flow
are similar after TUMASG and EE in species in which males
ejaculate only with the massage without requiring electri-
cal pulses, as observed in Chamois (Rupicapra pyrenaica)
(Abril-Sanchez et al. 2019).

Ejaculation did not result in changes in the resistance
index, with any of the procedures, reflected by the extent of
vascular flow that arrives at both the accessory sex glands
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and the testes remained consistent across all procedures, cor-
roborating previous studies in rams that also reported no dif-
ference in hemodynamics and testicular ultrasound patterns
following ejaculation in rams (Ntemka et al. 2021; Goulet-
sou et al. 2003). However, there were differences in the PSV
between the procedures at certain times after ejaculation,
suggesting that the procedure modifies the increase in blood
flow to the reproductive system at different times post-ejac-
ulation. This agrees with Guerrero-Gutierrez et al. (2021),
who observed an increase in blood flow to the accessory sex
glands after ejaculation using both EE and TUMASG. The
variations in the timing of changes in PSV, and thus, in the
blood flow among the procedures may be attributed to the
specific pathways involved in initiating ejaculation in each
case, as well as the intensity of the stimulation required in
different species. In this sense, PSV for NM and AV differs
90 min after ejaculation, suggesting that the mechanisms
leading to ejaculation do not provoke similar changes as
supposed.

This study also provides evidence of changes produced
during the refractory period, which refers to the period fol-
lowing ejaculation when the male is unresponsive to fur-
ther sexual stimuli, which is not yet completely understood
(Levin 2009). In rams, when given the opportunity to engage
in sexual behavior again spontaneously, the increase in the
heart rate recorded during the subsequent matings is similar
to that recorded after the first mating (Orihuela and Unger-
feld 2016), indicating that the ram’s general physiology
recovers quickly. Moreover, although there is an increase
in PCO, and lactic acid concentration after the first ejacula-
tion, normal values are recovered 5 min later (A. Orihuela
and R. Ungerfeld, unpublished data). However, in contrast,
changes in the blood flow of the reproductive system, includ-
ing the internal iliac and supratesticular arteries PSV and
the supratesticular artery EDV, were even greater 90 min
than 30 min after ejaculation. It is interesting that although
reactive homeostasis triggers responses that quickly recover
the general equilibrium, the reproductive system still did
not return to the basal state even after the refractory period
ended, indicating that the local and the systemic require-
ments dissociate the responses. Although this study did not
directly investigate the end of the refractory period in rela-
tion to local blood flow, it opens an interesting area for future
studies.

Additionally, the findings of this study underscore the
value of spectral Doppler ultrasonography as a valuable tool
for monitoring the hemodynamics and functionality of the
reproductive organs in rams, and can be used to improve
knowledge of ejaculation vascular physiology in the clinical
context, for example, to evaluate hyperemia and/or ejacula-
tory dysfunction in patients with suspected pathologies, as
reported in previous studies (Keener et al. 2000; Park et al.
2006; Hara et al. 2015; Alonge et al. 2018).
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Conclusions

Ejaculation induces changes in the ram reproductive system’s
blood flow, with slight differences depending to the processes
studied that lead to ejaculation. In particular, ejaculation mod-
ified the internal iliac and supratesticular arteries PSV, and the
supratesticular artery EDV in rams. The supratesticular artery
PSV was the only studied variable that differed according to
the procedure that triggered the ejaculation.
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