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RESUMEN

En condiciones naturales, la copula con multiples parejas sexuales es un evento comuin para
machos y hembras de diversas especies.

Por lo tanto, es frecuente que los espermatozoides de distintos machos se encuentren al mismo
tiempo en el tracto reproductor femenino compitiendo por fertilizar a los 6vulos, propiciando de
este modo, la competencia espermatica. Tanto la competencia entre los machos como entre los
espermatozoides han promovido la evolucion de estrategias reproductivas masculinas que
incrementan la posibilidad de ser el padre de méas y mejores crias. La teoria de la competencia
espermatica propone que los machos ajustan el nimero de espermatozoides que transfieren en
el eyaculado dependiendo del riesgo o la intensidad de la competencia. EI modelo teérico de
intensidad de competencia espermatica predice que cuando existe solamente un rival, los
machos deberian incrementar el gasto del eyaculado; mientras que, si el nimero de machos que
compiten supera a dos, reducirian el nimero de espermatozoides eyaculados. Este modelo
tedrico se enfoca exclusivamente en el nimero espermatico, nada predice sobre otros parametros
seminales también importantes para la calidad del eyaculado. EI modelo tampoco vaticina las
consecuencias de la competencia entre machos en el despliegue conductual copulatorio.
Interesantemente, se sabe que la competencia entre ratas machos disminuye significativamente
el nimero de intromisiones, el intervalo inter-intromision y la latencia de eyaculacion, en
condiciones de laboratorio. Por el contrario, en condiciones semi-naturales, la competencia
masculina incrementa el intervalo inter-intromisién y el intervalo post-eyaculatorio. S6lo un
estudio, en la rata de laboratorio, ha mostrado que los machos incrementan el nimero de
espermatozoides eyaculados cuando copulan en la presencia de un rival sin que exista contacto
fisico entre los competidores.

Actualmente, se conoce que existen fenotipos copulatorios (rpido, normal y lento) tanto
en las ratas macho como en los hombres. Nuestro grupo de investigacién ha mostrado que la
competencia entre dos rivales de fenotipo rapido o dos de fenotipo normal, tiene consecuencias
sobre la cépula y el eyaculado dependiendo del fenotipo copulatorio. Sélo los machos rapidos
disminuyen la latencia de eyaculacion, nimero de intromisiones e intervalo inter-intromision.
Ademas, incrementan el nimero de espermatozoides eyaculados. En ambos fenotipos, se
produce un efecto negativo de la competencia sobre la movilidad espermatica progresiva porque
ésta disminuye drasticamente.

El comportamiento copulatorio de los roedores ha sido estudiado, desde sus inicios en la
década de los 50°s, en condiciones que propician el control de la interaccidn sexual por el macho.
Fue hasta los 70"s cuando empez0 a evidenciarse que las ratas hembra también pueden controlar
el ritmo copulatorio o0 “pacing”. La coOpula regulada permite que la hembra controle la
estimulacidn vagino-cervical provista por las montas, intromisiones y eyaculaciones. Y se dice
que es una actividad innata y estable del comportamiento sexual femenino y sucede en
condiciones naturales, semi-naturales o de laboratorio.

El objetivo del presente estudio fue evaluar las consecuencias que tiene la competencia
entre dos machos, del mismo o diferente fenotipo, sobre la conducta copulatoria y el eyaculado
cuando la hembra regula la cépula. Se utilizaron ratas Wistar maduras sexualmente, los machos
sexualmente expertos se identificaron segin su fenotipo copulatorio y a las hembras
ovariectomizadas se les indujo hormonalmente el estro. Los machos de fenotipo eyaculatorio
rapido y los de fenotipo normal fueron analizados en dos contextos copulatorios: no-
competencia (un macho-una hembra) y en competencia (dos machos- una hembra), en ambos
casos la cépula fue regulada por la hembra. Las competencias fueron entre dos machos rapidos



(R versus R) y entre dos machos normales (N versus N). La prueba termin6 cuando uno de los
dos eyaculd. Las pruebas conductuales fueron videograbadas y se registraron los pardmetros
copulatorios y seminales.

Los resultados indican que los machos rapidos que eyacularon durante la competencia con
copula regulada incrementaron significativamente la latencia de eyaculacion e intervalo inter-
intromision hasta valores cercanos a los de los machos normales. Por el contrario, los machos
normales durante la competencia con copula regulada no modificaron la latencia de eyaculacion,
namero de montas e intromisiones ni el intervalo inter-intromision. Dado que en competencia,
los machos rapidos se comportan como los machos normales y éstos no modifican sus
pardmetros es probable que el ritmo copulatorio del macho normal sea el adecuado para
proporcionarle a la hembra, la estimulacion sexual que necesita e inducir la gestacion.

La cuenta espermatica fue similar en ambos contextos copulatorios (no-competencia y
competencia), independientemente del fenotipo del macho. Es probable que los machos rapidos
no expulsen mas espermatozoides durante la competencia con cpula regulada por la hembra
quiza porque infieren que la hembra no regrese a copular o que podria copular con otros rivales.
De ese modo, seria un gasto innecesario porque la probabilidad de engendrar descendencia es
menor. También es probable que existan mecanismos fisioldgicos internos que la hembra puede
echar a andar para regular el nimero o el paso de espermatozoides de cada macho y con ello
pone en igualdad de condiciones a los machos rapidos y normales en competencia para que sea
fecundada por los mejores espermatozoides.

La movilidad espermatica progresiva disminuyd significativamente durante la
competencia con copula regulada, independientemente del fenotipo del macho. La competencia
es la principal causa del decremento en la movilidad espermatica. Este efecto podria deberse a
que el macho rival secreta algunas sustancias que impiden la movilidad espermatica. Otra
explicacion podria ser que la competencia genere estrés en los machos y esto repercuta en la
disminucion de la movilidad espermética. También podria ser que la hembra influya sobre los
espermatozoides que se albergan en su tracto reproductivo (seleccion criptica), por lo que
probablemente secreten compuestos quimicos que inmovilicen temporalmente a los
espermatozoides o que favorezcan la movilidad espermatica después de un tiempo. Es probable
que el ambiente intrauterino sea agente de cambio de la movilidad del espermatozoide. Se
sugiere que la pérdida de movilidad espermatica es un efecto momentéaneo. Estudios futuros
deberian evaluar la movilidad espermatica después de varios minutos, incluso hasta horas
posteriores a la eyaculacién para verificar tal hipotesis. No se descarta que la hembra cuando
regula la copula, pueda tener un efecto positivo sobre la movilidad espermética. Asi, es posible
que la rata hembra, al regular la copula obtiene mayor estimulacion sexual, favoreciendo la
secrecion de algunas moléculas en el fluido uterino que favorezcan la movilidad espermatica
progresiva. Es posible que este tipo de mecanismos le confieran a la rata hembra un tipo de
control sobre cuales espermatozoides utilizar para la fertilizacion. Estudios futuros necesitan
realizarse para saber qué tipo de mecanismos cripticos regulan tales condiciones. Los presentes
resultados sugieren que la hembra, al regular la copula, permite la igualdad de condiciones
copulatorias y del eyaculado a los machos rapidos y normales, de tal forma que sea una
competencia y de esa forma seleccionar a los mejores espermatozoides, lo que incrementaria su
éxito reproductivo.



ABSTRACT

Under natural conditions, intercourse with multiple sexual partners is a common event for males
and females of various species, consequently males compete for females. Therefore, it is
common for sperm from different males overlap in the female reproductive tract and competing
to fertilize the eggs, thus promoting sperm competition. Both male-male competition and sperm
competition have promoted the evolution of male reproductive strategies that increase the
possibility of being the father of more and better offspring. Sperm competition theory proposes
that males alter the number of sperm they inseminate according to variations in the risk or
intensity of competition. The theoretical sperm competition intensity model predicts that when
there is only one rival, males should increase ejaculate expenditure; but if the number of
competing males increase to two, they would reduce the number of ejaculated sperm. This model
focuses exclusively on the spermatozoa number, nothing predicts on other seminal parameters
also important for the quality of the ejaculate. The model does not predict the consequences of
male-male competition on copulatory behavioral display. Interestingly, competition between
male rats is known to decrease the number of intromissions, inter-intromission interval, and
ejaculation latency, under laboratory conditions. In contrast, under semi-natural conditions,
male-male competition increases the inter-intromission interval and the post-ejaculatory
interval. Only one study, in the laboratory rat, has shown that males increase the number of
spermatozoa expelled when they copulate in the presence of a rival without physical contact
between competitors.

Currently, copulatory phenotypes (rapid, normal, and sluggish) exist in male rats and
mens. Our research group has shown that competition between two fast rivals or two normal,
has consequences on copulatory behavior and characteristics of ejaculate depending on the
phenotype. Only rapid males decrease ejaculation latency, number of intromissions and inter-
intromission interval. In addition, they increase the number of spermatozoa expelled. In both
phenotypes, there is a negative effect of competition on progressive sperm mobility because it
decreases dramatically.

The copulatory behavior of rodents has been studied, since its inception in the 1950s,
under conditions that favor the control of sexual interaction by the male. It was not until the 70's
when it became evident that female rats can also control the copulatory rhythm or “pacing”.
Pacing allows the female to control the vaginal-cervical stimulation provided by the mounts,
intromissions and ejaculations. Pacing is an innate and stable activity of female sexual behavior
and occurs in natural, semi-natural or laboratory conditions.

The aim of the present study was to evaluate the consequences of male-male competition
between two males, of the same or different phenotype, on copulation and ejaculation behaviour
when the female regulates copulation. Sexually mature Wistar rats were used, sexually expert
males were identified according to their copulatory phenotype, and ovariectomized females
were hormonally induced for oestrus. Males of rapid and normal ejaculatory phenotype were
analyzed in two copulatory contexts: non-competitive (one male-one female) and competitive
(two males-one female), in both cases the female regulates the copulation. Competition was
between two rapid or two normal males (R versus R or N versus N). The test ended when one
of the two males ejaculated. Behavioral tests were videotaped and copulatory and seminal
parameters were recorded.

The results indicate that rapid males that ejaculated during competition with “pacing”,
significantly increased ejaculation latency and inter-intromission interval to similar values to
those of normal males. On the contrary, normal males during the competition with “pacing”,
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mating did not modify the ejaculation latency, number of mounts and intromissions or the inter-
intromission interval. Since in competition, rapid males behave like normal males and the latter
do not modify their parameters, it is probably that the copulatory rhythm of the normal male is
adequate to provide the female with the sexual stimulation she needs to induce gestation.

The sperm count was similar in both copulatory contexts (non-competition and
competition), regardless of the male's phenotype. It is likely that rapid males do not expel more
sperm during competition with "pacing” because they infer that the female does not return to
copulate or that she could copulate with other rivals. This would be an unnecessary expense
because the probability of generating offspring is lower. It is also likely that there are internal
physiological mechanisms that the female can to activate to regulate the number or passage of
sperm from each male. So, the female put on an equal conditions to the rapid and normal males
to be fertilized by the best sperm.

Progressive sperm motility decreased significantly during competition with “pacing”,
regardless of the male's phenotype. Male-male competition is the main cause of the decrease in
sperm motility. This effect could be due to the rival male secreting some substances that prevent
sperm mobility. Another explanation could be that competition produce stress in males and this
has an impact on decreased sperm mobility. It could also be that the female influences the
spermatozoa that are hosted in her reproductive tract (cryptic selection), so they probably secrete
chemical compounds that temporarily immobilize the spermatozoa or that increase sperm
mobility after a minutes or hours. The intrauterine environment is likely to be an agent of change
in sperm motility. It is suggested that the decrement in sperm motility is a momentary effect.
Future studies should evaluate sperm motility after 15, 20, 30, 40, 60 or more hours to verify
this hypothesis. It is not excluded that “pacing” may have a positive effect on sperm motility.
Thus, it is possible that during “pacing” the female rat obtains greater sexual stimulation,
promoting the secretion of some molecules in the uterine fluid that favour progressive sperm
mobility. It is possible that this type of mechanism gives the female rat a type of control over
which spermatozoa to use for fertilization. Future studies need to be done to find out what kind
of cryptic mechanisms regulate such conditions. The present results suggest that the “pacing”
allows equal copulatory and ejaculatory conditions to normal and rapid males, so that it is a
competition and thus select the best spermatozoa, which would increase their reproductive
success.



1. INTRODUCCION

1.1 Competencia espermatica

En condiciones naturales, las hembras y los machos de diversas especies de mamiferos se
aparean con muchas parejas en el mismo periodo reproductivo (Calhoun 1963, Gomendio et al.
1998 en Birkhead y Moller 1998, Endries y Adler 2005). La copula con multiples parejas tiene
como consecuencia que los machos compitan por las hembras (Darwin 1871 en Birkhead y
Moller 1998).

La competencia entre machos ha promovido la evolucion de diferentes estrategias
reproductivas masculinas que incrementan la posibilidad de ser el padre de mas y mejores crias.
Entre las estrategias copulatorias masculinas ha de citarse el apareamiento repetido cominmente
con distintas hembras (Gomendio et al. 1998); y entre las estrategias fisioldgicas, aquellas que
regulan el gasto del eyaculado (nimero de espermatozoides eyaculados; Parker 1998).

Parker (1970) sugirié que ademas de la competencia por ser el mas fuerte o atractivo,
también existe la competencia entre los espermatozoides de diferentes machos. La competencia
espermatica se define como la presencia simultanea de espermatozoides vivos de dos 0 mas
machos dentro de los conductos femeninos contendiendo para fertilizar a los 6vulos (Parker
1970). Una de las predicciones de la teoria de la competencia espermatica es que los machos
ajustan el nimero de espermatozoides que depositan en la hembra dependiendo del riesgo o de
la intensidad de la competencia espermatica, a esta estrategia se le Ilama asignacidn espermatica
estratégica prudente (Parker 1970, 1982). En especies con alto riesgo o intensidad de
competencia espermatica, los machos producen y expulsan mas espermatozoides, 1o que les
confiere mas ventajas reproductivas porque a mayor cantidad de espermatozoides, mayor es la

probabilidad de fertilizacion (Moller 1989, Birkhead y Moller 1998). De este modo, la



competencia espermatica es una fuerza selectiva poderosa que ha moldeado no solo el
comportamiento reproductivo sino también, la morfologia y fisiologia del aparato reproductor,
asi como, el fenotipo de los gametos masculinos (Birkhead y Moller 1998). Se han propuesto
diferentes modelos tedricos que predicen los efectos de la competencia masculina sobre el gasto
espermatico (numero de espermatozoides eyaculados). Estos modelos consideran importante el
nivel de informacién que tienen los machos sobre el contexto copulatorio y sus rivales para asi
ajustar estrategicamente el gasto del eyaculado. Asi, existe el modelo del riesgo e intesidad de
competencia espermatica, el modelo del macho favorecido y desfavorecido, el modelo con

informacidn asimétrica, entre otros (Parker 1998).

1.2 Modelos tedricos de competencia
1.2.1 Modelo de riesgo de competencia espermatica

El modelo tedrico de riesgo de competencia espermatica se refiere a las presiones selectivas que
resultan de la probabilidad de que la hembra haya copulado previamente o que copulard con
otro macho (Parker et al. 1997). Asi, los machos podrian inferir el riesgo de competencia
utilizando sefiales olfativas, tactiles, auditivas y/o visuales (Pound y Gage 2004). Este modelo
vaticina que cuando el riesgo de competencia espermatica es bajo, los machos disminuyen el
gasto espermatico, es decir, eyaculan menos espermatozoides. Sin embargo, cuando evallan
que el riesgo es alto, incrementan el nimero de espermatozoides eyaculados (Parker et al. 1997,
Figura 1A).

Dicha prediccidon sobre el incremento espermatico ha sido ampliamente comprobada por
los ecologos en numerosas especies de invertebrados, particularmente en insectos [escarabajo

de la harina (Tenebrio molitor), la mosca de la fruta Mediterranea (Ceratitis capitata),



saltamontes (Requena verticalis), mariposa (Pieris rapae) y en la polilla de la harina (Plodia
interpunctella); Gage y Baker 1991, Gage 1991, Simmons et al. 1993, Wedell y Cook 1999,
Gage 1995)]. En los vertebrados, especificamente en mamiferos, las evidencias son escasas. Se
ha mostrado que el ratén de campo (Microtus pennsylvanicus) y el topillo rojo (Myodes
glareolus) incrementan el numero de espermatozoides cuando copulan en presencia de olores
de rivales (del Barco-Trillo y Ferkin 2004, Lemaitre et al. 2011). El raton doméstico (Mus
musculus) también ajusta la produccion espermatica de acuerdo con el riesgo de competencia
espermatica. La produccion espermatica testicular y la cuenta espermatica en la cauda
epididimaria son mas altas en sujetos enfrentados con rivales o expuestos a sus olores (Ramm y
Stockley 2009, Ramm et al. 2015). Asimismo, se incrementa el nimero de espermatozoides
eyaculados cuando el riesgo de competencia espermatica es alto en la rata (Rattus norvegicus;
Bellis et al. 1990, Pound y Gage 2004).

La mayoria de los estudios tanto en invertebrados como en vertebrados se han enfocado
en evaluar los efectos de la competencia espermatica sobre el nimero espermatico, omitiendo
la movilidad, morfologia y viabilidad espermaticas, caracteristicas que también son importantes
considerarlas para la calidad del eyaculado. Ademas, tampoco han considerado el papel de los
componentes no espermaticos del eyaculado como el tapdn copulatorio en la competencia
masculina. En roedores, las secreciones que conforman el eyaculado participan en la formacion
del tapon copulatorio, se dice que este representa una adaptacion defensiva ante la competencia
(Voss 1979, Dewsbury 1988).

Por otra parte, el modelo de riesgo de competencia espermatica no contempla que la
competencia masculina durante el apareamiento puede incidir en el desempefio del despliegue
de la conducta copulatoria de los machos. So6lo un estudio ha mostrado que el riesgo de

competencia provoca la eyaculacion prematura, es decir, que acorta la duracion de la copula, al
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reducir el nimero de patrones copulatorios. Los estimulos visuales, olfativos y/o auditivos del
macho rival, aungue no su presencia, acortan la latencia eyaculatoria en el ratdn doméstico

(Preston y Stockley 2006).

1.2.2 Modelo de intensidad de competencia espermatica

El modelo tedrico de intensidad de competencia espermatica se refiere a las presiones selectivas
que resultan de que la hembra copula con varios machos provocando que los eyaculados de
distintos machos rivales entren en competencia. EI modelo tedrico predice que los machos
ajustan el gasto del eyaculado de acuerdo con el nimero de rivales presentes en el momento de
la copula. Asi, a mayor nimero de rivales, mayor gasto del eyaculado (Parker y Begon 1993,
Wedell et al. 2002, Figura 1B). Este modelo fue propuesto para estudiar la competencia
espermatica considerando que los machos no tienen o tienen poca informacion del nimero de
rivales copulatorios. Asi, la estrategia eyaculatoria utilizada por esos machos es moldeada por

la seleccién natural (Parker 1998).
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Figura 1. Modelos tedricos del riesgo e intensidad de competencia espermética. A) Cuando el riesgo (q =
probabilidad de doble cépula) y B) la intensidad de competencia espermatica (N = nimero de rivales o de
eyaculados que compiten) aumentan, los machos incrementan el nimero de espermatozoides eyaculados
(modificado de Parker et al. 1996.).

Otra variante del modelo tedrico de intensidad de competencia espermatica considera que
los machos pueden estimar el namero de rivales presentes durante la copula. Asi, el modelo
sugiere que los machos deberian disminuir el gasto del eyaculado conforme el nimero de rivales

incrementa por encima de dos (Figura 2, Parker 1998).



Gasto del eyaculado

N (numero de machos presentes)

Figura 2. Modelo téérico de intensidad de competencia espermética. Gasto del eyaculado de tres
especies diferentes donde los machos tienen perfecta informacion del nimero de competidores
presentes en la competencia. Asi, cuando hay un rival copulatorio el gasto del eyaculado es
maximo pero cuando existen mas de dos rivales disminuye (modificado de Parker et al. 1996).

Respecto a los efectos de la intensidad de competencia sobre el desempefio copulatorio
masculino, la evidencia es escasa en roedores. En condiciones de laboratorio, la competencia
entre machos de la cepa Long Evans versus machos de la cepa F344, disminuye
significativamente el nimero de intromisiones, el intervalo inter-intromision y la latencia de
eyaculacion (Dewsbury y Hartung 1980, Moore y Wong 1992). La competencia entre ratas
macho silvestres versus Sprague-Dawley disminuye el intervalo inter-intromision (Price 1980).
En condiciones semi-naturales, la competencia entre dos machos Sprague-Dawley, incrementa
el intervalo inter-intromision y el intervalo post-eyaculatorio. En el mismo estudio también se
encontré que los machos en competencia disminuyen su eficiencia copulatoria o hit rate
[NI/(NM+NI)] este parametro refleja la capacidad del macho para tener erecciones e intromitir
(McClintock et al. 1982). Este parametro refleja la capacidad del macho para presentar

erecciones y asi, realizar intromisiones (McClintock et al. 1982).
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1.3 Conducta copulatoria y fenotipos copulatorios de la rata macho

La conducta copulatoria puede ser agrupada de acuerdo con el patron copulatorio exhibido por
los machos. Dewsbury (1972) propuso una clasificacion sistematica para comparar los patrones
copulatorios de los machos entre las distintas especies de mamiferos considerando cuatro
atributos durante la cépula. El primero se refiere a que las especies pueden o no mostrar candado
genital; el segundo atributo hace referencia a la presencia o ausencia de empujes pélvicos
durante las intromisiones; el tercero consiste en realizar o no maltiples intromisiones durante la
copula y el Gltimo considera si el macho ejecuta o no multiples eyaculaciones. Se diferencian
16 patrones. La rata muestra el patron 9 porque no hay candado genital, los machos realizan
empujes pélvicos y multiples intromisiones previos a la eyaculacion y, ademas, realizan
multiples eyaculaciones (Dewsbury 1972).

La conducta copulatoria de la rata macho se caracteriza por la ejecucion de tres patrones
motores copulatorios conocidos como monta, intromision y eyaculacion (Larsson 1956, Lucio
y Tlachi-Lopez 2008). Durante la monta, el macho palpa los flancos femeninos con sus
extremidades anteriores y realiza movimientos pélvicos hacia adelante y hacia atras sobre la
grupa de la hembra (Figura 3A). En la intromision, el macho ademas de realizar la monta inserta
el pene en la vagina mediante un movimiento pélvico profundo seguido de la desmonta brusca
y el auto-acicalamiento genital hembra (Figura 3B). La eyaculacion se caracteriza por un
movimiento pélvico méas profundo y sostenido que el de la intromision acompafado de la
expulsion seminal hembra (Figura 3C). Tras la deposicion del semen en la vagina ocurre la
desmonta lenta. EI macho levanta el tronco y extiende lateralmente sus extremidades anteriores

(Larsson 1956, Lucio y Tlachi-L6pez 2008).
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Figura 3. Conducta copulatoria en la rata macho (Rattus norvegicus). Se observa la ejecucion de diversas
posturas y movimientos del macho que permiten la monta (A), la insercién peneana o intromision (B) y la
expulsion seminal o eyaculacion (C).

La actividad copulatoria de la rata macho puede registrarse y analizarse de manera manual,
para ello cada patron motor copulatorio se representa con diferentes simbolos en una hoja de
registro. Los simbolos se colocan siguiendo la secuencia de los parametros copulatorios que el
macho realiza durante el encuentro sexual (Lucio y Tlachi-Lopez 2008). De esta forma se
facilita visualizar el namero de patrones copulatorios realizados antes de cada eyaculacion, asi

como la secuencia espacio-temporal de cada patron (Figura 4).
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Figura 4. Esquema que representa los patrones motores copulatorios. a) Diferentes simbolos representan a la
monta, intromision y eyaculacion. b) Se ejemplifica un encuentro copulatorio de tres series eyaculatorias. La
primera serie consta de cuatro montas y nueve intromisiones;la segunda, de dos montas y cuatro intromisiones;
la tercera, dos montas y cinco intromisiones (Lucio y Tlachi-L6épez 2008).

Al conjunto de montas e intromisiones intercaladas que realiza el macho y que culminan
con la eyaculacion se le conoce como serie eyaculatoria. La serie eyaculatoria de cada macho
puede durar diferente tiempo [segundos (s)] a esto se le llama duracién de la serie eyaculatoria.
Esta se define como el intervalo de tiempo que transcurre desde que se introduce a la hembra al
redondel donde se encuentra el macho hasta que ocurre la eyaculacion,

Una vez que ocurre la eyaculacion, el macho presenta el intervalo post-eyaculatorio, de
aproximadamente 5-10 minutos (min). Durante este periodo, el macho es insensible a cualquier
estimulo, incluso sexual y da la apariencia de estar dormido (Larsson 1956). Después de ese
tiempo, el macho reanuda la conducta copulatoria y puede realizar de 5 a 10 series eyaculatorias
mas con la misma o diferente hembra (Fernandez-Guasti y Rodriguez-Manzo 2003, Tlachi-

Lopez et al. 2012).

13



Los patrones de monta, intromision y eyaculacion pueden evaluarse mediante los
parametros copulatorios: numero de montas y nimero de intromisiones, latencia de monta,
latencia de intromision y latencia de eyaculacion. Ademas, se calcula el intervalo inter-
intromision (Larsson 1956, Lucio y Tlachi 2008). Las ratas macho presentan diferencias en
algunos de sus pardmetros copulatorios lo que da lugar a la existencia de tres fenotipos
copulatorios: rapido, normal y lento. Estas diferencias en la conducta copulatoria se han
evaluado en condiciones de laboratorio (Pattij et al. 2005, Olivier et al. 2006). De acuerdo con
Olivier et al. 2006, los fenotipos difieren significativamente en el nimero de eyaculaciones e.g.,
series eyaculatorias realizadas en determinado tiempo. Aquellos que realizan de 0-1 eyaculacion
durante 30 min son los machos lentos; los que ejecutan de 2-3 son normales y los que presentan
4-5 son los rapidos. Los fenotipos también difieren en el nimero de montas (rapidos = 8.2 + 1.8;
normales = 23 £ 4 y lentos = 42 + 4) y sobre todo en su latencia de eyaculacién (rapidos = 247

+ 45 segundos (s); normales = 717 + 133 s y lentos = 1697 + 80 s).

1.4 Eyaculado de la rata macho

Durante la eyaculacion, la rata macho deposita el semen en la vagina. ElI semen consta de
espermatozoides y secreciones de las glandulas sexuales accesorias (prostata, coagulantes y
vesiculas seminales; Mann 1964, Mann y Lutwak-Mann 1981, Setchell et al. 1994). Después de
que el macho eyacula, la mayoria de las secreciones de las glandulas accesorias se endurecen en
la vagina y forman el tapon copulatorio (Blandau 1945, Matthews y Adler 1978, Voss 1979,
Williams-Ashman 1984). El tapon favorece el transporte espermatico transcervical al adherirse
fuertemente a las paredes vaginales, lo que genera presion e impulsa a los espermatozoides
depositados en la vagina hacia el cérvix y cuernos uterinos (Blandau 1945, Matthews y Adler

1977, Tlachi-Lopez et al. 2011). Dicho trasporte espermatico transcervical en la rata ocurre en
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un periodo de 5-10 min (Matthews y Adler 1977). El intervalo post-eyaculatorio del macho, que
dura también entre 5-10 min, evita al macho retirar su propio tapon y con ello interrumpir el
trasporte de sus espermatozoides (Matthews y Alder 1977, McClintock et al. 1982). EIl tapon
también funciona como barrera fisica que impide a otro macho eyacular, de inmediato, en una
hembra previamente inseminada (Voss 1979, Dewsbury 1988, Sutter et al. 2016). Sin embargo,
otro macho distinto al que eyaculd, puede retirar el tapon de la vagina al realizar algunas
intromisiones (Lucio et al. 1994, Tlachi-Lopez et al. 2012, Lucio et al. 2014). De esta forma, el
macho que retira el tapon puede depositar su semen en la hembra recién inseminada por otro y
asi promover la competencia espermatica (Birkhead y Moller 1998, Gomendio 2002, Lucio y
Gutiérrez-Ospina 2006). Retirar el tapon copulatorio de la vagina antes de que ocurra tal
transporte espermatico es una estrategia adaptativa ya que se puede interrumpir o evitar tal
transporte espermatico del macho que eyaculd previamente (Adler y Zolot 1970, Mathews y
Adler 1977). La remocidn del tapon es posible debido a las espinas en el glande del pene (Hart
1983, Sachs 1983, Wallach y Hart 1983, Sachs et al. 1984). Las espinas se erigen durante la
intromision cuando el pene esta erecto y se enganchan al tapén alojado en la vagina. La
desmonta que ocurre despues de cada intromision acerca el tapén al orificio vaginal. Bastan 3-
4 intromisiones para retirarlo de la vagina (Sachs 1983, Sachs et al. 1984). Por otro lado, las
espinas del pene estimulan la vagina-cérvix provocando el reflejo neuroendocrino que
incrementa la prolactina que favorecera la implantacion del blastocisto en caso de haber ocurrido
la fertilizacion (Sachs 1982, O’Hanlon y Sachs 1986). Asi, la presencia de espinas peneanas

representa una adaptacion para la competencia espermatica (Hooper 1960, 1962).
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1.5 Conducta copulatoria de la rata hembra

El comportamiento sexual femenino de la rata incluye tres componentes: atractividad,
proceptividad y receptividad (Beach 1976). La atractividad comprende cambios en la coloracion
de la piel perigenital y la produccion de secreciones odoriferas perineales que le permiten al
macho identificar a la hembra como pareja potencial (Beach 1976, Morali y Beyer 1979).

La proceptividad incluye el repertorio de conductas de solicitacion (Beach 1976,
McClintock y Adler 1978, Erskine 1989). Tales conductas son “ecar-wiggling”, “darting” y
“hopping”. El “ear-wiggling” se refiere a los rapidos movimientos de la cabeza que provocan el
movimiento de las orejas. El “darting” es la ejecucion de carreras cortas en zig-zag. El
“hopping” son pequefios saltos que terminan con la hembra agazapada esperando a ser montada
por el macho (Beach 1976, Madlafousek y Hlifiak 1977). Las conductas proceptivas motivan
sexualmente a los machos, incitandolos a iniciar la copula, particularmente son necesarias para
aquellos machos sin experiencia sexual (Beach 1968, 1976).

La receptividad se refiere al estado de responsividad de la hembra para permitir el contacto
genital y se identifica por la ejecucion de la lordosis, postura que facilita la insercion peneana y
la eyaculaciéon (Beach 1976, Madlafousek y Hlifiak 1977, McClintock y Adler 1978, Erskine
1989). La lordosis consiste en la dorsiflexion concava de la columna vertebral (elevacion de la
grupa y cabeza y desviacion lateral de la cola para exponer el orificio vaginal). La lordosis es
un reflejo espinal que ocurre en respuesta a la estimulacion en los flancos provocada por la
palpacion del macho con sus extremidades anteriores durante la monta (Beach 1976). Este
reflejo sélo ocurre cuando la hembra esta receptiva y se debe a las concentraciones de hormonas

gonadales: estradiol y progesterona (Vega-Matuszczyk y Larsson 1991).
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1.5.1 Copula regulada por la rata hembra

El comportamiento copulatorio de los roedores ha sido estudiado desde sus inicios en
condiciones en las que el macho controla la interaccion sexual (Bermant 1961, Schoelch-Krieger
et al. 1976). Hoy en dia, es ampliamente conocido que el comportamiento sexual es resultado
de la interaccion dinamica y coordinada entre el macho y la hembra (Larsson 1973, Beach 1976,
Schoelch-Krieger et al. 1976, McClintock and Adler 1978, Sachs and Garinello 1980, Erskine
19809, Erskine et al. 1989, Hlinak 1990). Las hembras tienen un papel muy activo antes, durante
y después del apareamiento. Previo al apareamiento, ellas pueden elegir al padre de sus hijos;
durante el pareamiento, ellas tienen la capacidad de regular la copula y después del apareamiento
pueden elegir a los espermatozoides que fertilizaran sus 6vulos (eleccidn criptica, McClintock
1974 en Schoelch-Krieger et al. 1976, Beach 1976, McClintock y Adler 1978, McClintock y
Anisko 1982, Pfeifle y Edwards 1983, Erskine 1985, Broekman et al. 1988, Erskine 1989,
Andersson 1994, Eberhard 1996, Ferreira-Nufio et al. 2005).

La manera en la que la hembra regula la copula o “pacing” (término en inglés, mas
comunmente utilizado) es alejandose o aproximandose al macho (Beach 1976, McClintock y
Adler 1978, McClintock y Anisko 1982, Erskine 1985, 1989). La cOpula regulada permite que
la hembra controle el tiempo que transcurre entre las estimulaciones perineales, provistas por
las montas, o bien, entre aquellas vagino-cervicales, provistas por las intromisiones y/o
eyaculaciones (Bermant 1961, Bermant y Westbrook 1966, McClintock y Adler 1978,
McClintock 1984, Erskine 1985, 1989).

En condiciones naturales y semi-naturales, la conducta de cépula regulada es posible dado
gue la hembra puede alejarse del macho al esconderse dentro de alguna madriguera o detras de
un arbusto o debajo de una piedra (McClintock 1974, McClintock y Adler 1978, McClintock y
Anisko 1982, McClintock 1984). En condiciones de laboratorio, la hembra esta imposibilitada
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para regular la copula, porque tradicionalmente se utiliza una arena-copulatoria amplia solo con
cama de aserrin, no hay objetos que sirvan como guarida para la hembra o que le permitan estar
fuera del alcance del macho. No obstante, si a la arena-copulatoria se le afiade un compartimento
al que sélo tienen acceso la hembra, ella podra regular la copula. EI compartimento que se afiade
se conoce como neutro, es donde la hembra puede permaner fuera del alcance del macho. La
arena-copulatoria debe colocarse adyacente al compartimento neutro y constituyen la arena para
copula regulada por la hembra (Mendelson y Gorzalka 1987, Ferreira-Nufio et al. 2005, Portillo
et al. 2012).

La cépula regulada por la hembra es una conducta y como tal, puede ser registrada y
evaluada. Utilizando estas arenas para copula regulada se ha evidenciado que a mayor intensidad
de estimulacion vagino-cervical recibida, es decir, después de la eyaculacidn, mayor es el tiempo
que tarda la hembra en regresar a la arena-copulatoria con el macho versus el tiempo que
transcurre tras una intromision o una monta (Bermant 1961, Peirce y Nuttall 1961, Schoelch-
Krieger et al. 1976, Erskine 1985).

La hembra regula la copula cuando esta sexualmente receptiva, i.e., durante la fase de
estro (Fadem et al. 1979). Se ha sugerido que esta conducta es una actividad innata y estable del
comportamiento sexual femenino (Erskine 1989) y sucede en condiciones naturales (Calhoun
1963, Telle 1966), semi-naturales (McClintock y Adler 1978, McClintock et al. 1982) o de
laboratorio (Pierce y Nuttall 1961, Schoelch-Krieger et al. 1976, Erskine 1989, Paredes y
Véazquez 1999). La mayoria de las ratas hembra (80%) regulan la cdpula cuando lo permiten las
condiciones de laboratorio (Ferreira et al. 2005), y es més evidente cuando la hembra copula
con machos sexualmente activos que con machos sexualmente pasivos (Gilman y Westbrook

1978).
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Cuando la hembra tiene la oportunidad de regular la copula, el nimero de intromisiones
que ejecuta el macho previamente a la eyaculacion disminuye en promedio a seis (Erskine 1989,
Pfaus et al. 1999, Camacho et al. 2004). Asimismo, se ha mostrado que la copula regulada por
la hembra es més efectiva que las copulas no-reguladas para inducir prefiez. Cinco intromisiones
del macho durante la copula regulada por la hembra son efectivas para activar al cuerpo luteo,
comparadas con 10-12 intromisiones sin cépula regulada (Gilman et al. 1979, Erskine et al.
1985, 1989). No obstante, para la hembra son necesarias al menos 10 intromisiones para que la
copula le resulte recompensante (McClintock y Anisko 1982). Por ello, podra completar las 10
intromisiones al seguir copulando con otros y alcanzar la recompensa sexual (efecto placentero
de la copula debido al incremento de dopamina, Agmo 1999). Se ha mostrado que 10
intromisiones abrevian el estro a 12-15 h en vez de las 18 h de duracion (Erskine 1985).

Durante la copula regulada por la hembra, el intervalo inter-intromision incrementa de 30
s durante la copulano no-regulada a 80 s (Gilman et al. 1979). Otro trabajo realizado en
condiciones semi-naturales también encontré que el intervalo inter-intromision incrementé de
144 a 600 s durante la cépula regulada (McClintock y Anisko 1982). Un estudio mas, realizado
en condiciones de laboratorio, encontr6 que también se incrementa de 53 a 62 s durante la copula
regulada (Erskine et al. 1989).

Respecto a la latencia de eyaculacion, sélo un estudio ha mostrado que este parametro
incrementa durante la copula regulada versus la no-regulada (251.1 s versus 170.9 s,
respectivamente, Erskine et al. 1985). Finalmente, cuando la hembra regula la copula tiene mas
crias por camada (Coopersmith y Erskine 1994). En este estudio se evaluo la fertilidad de ratas
hembra que recibieron una serie eyaculatoria cuando ellas podian o no regular la copula.
Posteriormente, las hembras fueron alojadas en jaulas individuales hasta el dia del parto y se

cuantifico el nimero de crias. Otro grupo de hembras fueron sacrificadas en el dia 7, 14 6 21

19



después de la copula y se determind el nimero de sitios de implantacion o de fetos viables. Dado
que el ndmero de intromisiones que realizaron los machos en la serie eyaculatoria vario, los
datos obtenidos de la cépula regulada y no regulada fueron divididos en dos subgrupos, las
hembras que recibieron menos de ocho intromisiones y aquellas que recibieron nueve o mas
intromisiones. El estudio revel6 que el nimero de crias fue mayor en el grupo de hembras que
regularon la copula (14 crias) respecto a las que no regularon la cépula (11 crias) cuando las
hembras recibieron ocho o menos intromisiones (Coopersmith y Erskine 1994).

Resumiendo, dado que la competencia espermatica es un evento comun en la naturaleza
seria interesante analizar las diferentes estrategias conductuales copulatorias que juegan las ratas
macho cuando se aparean en presencia de rivales incluyendo los cambios en el eyaculado. La
teoria de la competencia espermatica propone que los machos ajustan el ndmero de
espermatozoides que expelen dependiendo del riesgo o la intensidad de la competencia. El
modelo tedrico de intensidad de competencia espermatica predice que cuando existe solamente
un rival, y los machos involucrados tienen informacion de la competencia, deberian incrementar
el gasto del eyaculado; mientras que si el nimero de machos que compiten supera a dos,
reducirian el namero de espermatozoides eyaculados. Asi, este estudio pretende probar, de
manera independiente, algunas predicciones del modelo tedrico con evidencias experimentales
utilizando como modelo a la rata de laboratorio. Ademas, pretende ampliar el modelo de
competencia espermatica. Por tal razon, se incluyeron otras variables que pueden influir en el
resultado de la competencia como la presencia de fenotipos copulatorios y la participacion de la

hembra durante la competencia (copula regulada).
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2. HIPOTESIS
La copula regulada por la hembra durante la competencia entre dos ratas macho del mismo

fenotipo copulatorio modificara la ejecucion copulatoria y las caracteristicas del eyaculado.

2.1 Predicciones

Se incrementard la latencia de eyaculacion y el intervalo inter-intromisién y disminuira el

namero de intromisiones del macho ganador.

Se incrementard el nimero de espermatozoides expelidos y la movilidad espermaética se

mantendra en el valor estandar en el eyaculado del macho ganador.

NOTA: El macho ganador es aquel que eyacula primero durante la competencia entre dos machos del mismo
fenotipo copulatorio.
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3. OBJETIVOS

3.1 Objetivo General

Evaluar la conducta copulatoria y el eyaculado de machos de distinto fenotipo copulatorio en

competencia cuando la hembra regula la copula.

3.2 Objetivos Especificos

1) Evaluar en contexto de no-competencia, los parametros copulatorios y seminales de machos

de fenotipo rapido y fenotipo normal durante la copula regulada por la hembra.

2) Analizar en contexto de competencia, los pardmetros copulatorios y seminales de machos de

fenotipo rapido y fenotipo normal cuando la hembra regula la copula.
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4. ANTECEDENTES

4.1 Consecuencias de la presencia de rivales sobre la copula y el eyaculado de la rata

macho

El modelo teorico de intensidad de competencia espermatica predice que cuando existe un rival
copulatorio, el macho que eyacula incrementa el gasto espermatico, refiriéndose al nimero de
espermatozoides eyaculados. El incremento en el nimero espermético no es suficiente para
asegurar el éxito del apareamiento. Otros parametros del semen como la movilidad espermatica,
entre otros, también son importantes. No obstante, la prediccion tedrica deja al margen esas
otras caracteristicas relacionadas con la calidad del eyaculado. Nuestro grupo de investigacién
evalud el efecto de la intensidad de competencia sobre distintas caracteristicas del eyaculado,
analizando concomitantemente, el desempefio copulatorio en la rata de laboratorio (Rattus
norvegicus). Se muestra que durante la copula de competencia (dos machos y una hembra),
efectivamente se incrementa significativamente el nimero de espermatozoides eyaculados
respecto a la copula de no-competencia (un macho y una hembra, Fuentes-Morales et al. 2020).
Sin embargo, el porcentaje de espermatozoides con movilidad espermatica progresiva
(movimiento individual de los espermatozoides que siguen una trayectoria rectilinea) disminuye
drasticamente durante la competencia versus la no-competencia. El resto de los parametros del
eyaculado son similares entre los dos contextos copulatorios (Fuentes-Morales et al. 2020).
Respecto a la conducta copulatoria, la latencia de eyaculaciéon y el intervalo inter-
intromision disminuyen significativamente durante la competencia en relacion a la no-
competencia. El resto de los pardmetros copulatorios son similares entre ambos contextos

copulatorios (Fuentes-Morales 2013, Fuentes-Morales et al. 2020). Estos resultados sugieren
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que la presencia de rivales durante la copula afecta tanto a la calidad del eyaculado como el
desempefio copulatorio, es decir, la intensidad de competencia no solo tiene consecuencias en

el gasto espermatico.

4.2 Consecuencias de la presencia de rivales sobre la copula y el eyaculado de machos

normales y rapidos

4.2.1 Fenotipos copulatorios y el eyaculado

El Unico estudio que ha evaluado las caracteristicas seminales de machos de diferente fenotipo
copulatorio también fue realizado por nuestro grupo de investigacion. Los machos de fenotipo
rapido y los de fenotipo normal tienen parametros seminales similares (Fuentes-Morales 2013).

En relacion con la conducta copulatoria, la latencia de eyaculacién de los machos rapidos
es significativamente menor que la de los normales. Los machos rapidos realizan
significativamente menos intromisiones que los normales. El resto de los parametros

copulatorios fue similar entre fenotipos (Fuentes-Morales 2013).

4.2.2 Competencia entre machos considerando el fenotipo copulatorio: efectos

sobre la copula y el eyaculado

Nuestro grupo de investigacién recientemente evalud en la rata de laboratorio los efectos de la
presencia de un rival sobre el eyaculado y la conducta copulatoria considerando el fenotipo
eyaculatorio. Es decir, se encontraban dos machos del mismo fenotipo copulatorio y una hembra

en la misma arena copulatoria simultaneamente. Las pruebas terminaban cuando uno de los
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machos eyaculaba. Los machos rapidos durante la competencia incrementaron
significativamente la cuenta espermatica versus la no-competencia. La movilidad espermatica
progresiva es drasticamente disminuida durante la competencia en comparaciéon con la no-
competencia. El resto de los parametros del eyaculado son similares entre los dos contextos
copulatorios (Fuentes-Morales 2013). Por otra parte, la competencia entre machos normales sélo
disminuye la movilidad espermatica progresiva versus la no-competencia. El resto de los
parametros seminales son similares entre los dos contextos (Fuentes-Morales 2013).

Respecto a los parametros copulatorios, la competencia entre eyaculadores rapidos
disminuye significativamente la latencia de eyaculacién el nimero de intromisiones y el
intervalo inter-intromisién comparada con la no-competencia. El resto de los parametros
seminales son similares entre los dos contextos copulatorios. La competencia entre eyaculadores
normales no modifica ningn parametro copulatorio (Fuentes-Morales 2013).

Estos resultados evidencian que la prediccion del modelo de intensidad de competencia
espermatica no aplica en todos los casos, en la rata, solo se cumplid en los machos rapidos. Asi,
es importante considerar el fenotipo copulatorio de los machos que compiten. Ademas, la
intensidad de competencia no s6lo afecta el nUmero espermatico sino también la movilidad
espermatica. Respecto a la conducta copulatoria, la intensidad de competencia también afecta
el desempefio sexual, al menos en los machos de fenotipo rapido. Asi, los machos rapidos son
mas susceptibles a la competencia tanto en el gasto espermatico como en el comportamiento
sexual. Cabe mencionar que, en estos estudios las condiciones de las pruebas copulatorias
permitieron a los machos regular la copula. EI modelo teorico de intensidad no considera la
participacion de las hembras durante la competencia, que se ha mostrado es de suma

importancia.
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Por lo anterior, la presente propuesta de investigacion considera en primer lugar, evaluar
la copula y el eyaculado de machos en competencia cuando las hembras regulan la cépula. En
segundo lugar, evaluar la copula y el eyaculado durante la competencia entre ratas macho de
diferente fenotipo copulatorio cuando la hembra regula la copula. Esto permitiria considerar
desde otra perspectiva el modelo de intensidad de competencia porque incorpora la participacion

de la hembra, lo que simularia la competencia masculina en condiciones naturales.
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5. METODOLOGIA

5.1 Animales

Se utilizaron ratas Wistar maduras sexualmente. Los animales fueron obtenidos del bioterio del
Centro Tlaxcala de Biologia de la Conducta (UATX) y del Instituto de Investigaciones
Biomédicas, UNAM. Los machos (250-300 g de peso corporal aproximadamente) fueron
alojados individualmente en cajas de acrilico (37 x 27 x 15 cm) desde el dia 60 posnatal hasta
el ultimo dia del experimento. Las hembras (250-300 g de peso corporal aproximadamente)
fueron alojadas en grupos de 4-5 individuos en cajas colectivas (47 x 32 x 20 cm). Los animales
fueron mantenidos en el bioterio a 20 + 2°C, 40% de humedad y con ciclo de luz-oscuridad
invertido (12 h luz/12 h oscuridad, la luz se apagaba a las 0800). Se les proporciond alimento
(Purina Chow) y agua ad libitum. Los protocolos experimentales fueron revisados y aprobados
por el Comité Local de Etica de la Universidad Autonoma de Tlaxcala y fueron llevados a cabo
en total cumplimiento con lo establecido en la Norma Oficial Mexicana para la Produccion,

Cuidado y Uso de los Animales de Laboratorio (NOM-062-Z00-1999).

5.2 Entrenamiento copulatorio

Las ratas macho maduras aunque sexualmente inexpertas, fueron entrenadas durante seis
pruebas copulatorias para que adquirieran experiencia sexual. Las pruebas se realizaron en la
arena-copulatoria (cilindro de acrilico, 50 cm altura y 52 cm de didmetro), durante la fase oscura
del ciclo bajo luz roja tenue. Los machos fueron habituados durante 5 min en la arena-
copulatoria y después una hembra ovariectomizada con estro inducido hormonalmente fue
introducida en la misma arena (Figura 5). El estro fue inducido administrando por via

subcutanea 10 ug de benzoato de estradiol (Sigma-Aldrich, St. Louis, MO, EUA) seguido de 2
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mg de progesterona (Sigma-Aldrich, St. Louis, MO, EUA) a las 48 y 4 h, antes de cada prueba
conductual, respectivamente (Zipse et al. 2000, Lucio y Tlachi-Lépez 2008, Tlachi-Lopez et al.
2011, Lucio et al. 2013). Una vez que la hembra se colocaba con el macho en la arena
copulatoria, se encendia el crondmetro e iniciaba la observacion vy el registro directo por el
observador de los patrones motores copulatorios (monta, intromision y eyaculacion). Cada
patrén motor copulatorio se representa con diferentes simbolos en una hoja de registro. Los
simbolos se colocan siguiendo la secuencia, en el tiempo que ocurre cada patron motor
copulatorio que el macho realiza durante el encuentro sexual (ver ejemplo en los ANEXOS).
Las pruebas copulatorias se realizaron con intervalo de 3 ¢ 4 dias entre ellas.

Las pruebas de entrenamiento terminaban a los 15 min si solo se observaban montas, 6
30 min después de la primera intromision ¢ bien una vez ocurrida la eyaculacion. Se considero
solo una eyaculacion i.e., una serie eyaculatoria, en caso de que hubiera, por prueba. Solo los
machos que eyacularon al menos en las Gltimas cuatro de las seis pruebas del entrenamiento

fueron identificados como individuos sexualmente expertos.

Figura 5. Arena copulatoria para rata con cama
de aserrin.
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5.3 Analisis de la copula sin-competencia y con-competencia

Las pruebas copulatorias se realizaron a intervalos no menores a 2 dias ni mayores a 7. Se
observd la copula entre él 6 los machos (sin-competencia y con-competencia) con la hembra en
la arena copulatoria registrando manualmente los patrones copulatorios en una hoja de registro

y posteriormente se obtuvieron los pardmetros copulatorios (ver disefio experimental Figura 6).

Ratas Wistar sexualmente maduras
(3 meses de edad)

Experimento 1

Machos Rapidos y Normales
sin competencia cuando la hembra regula

Parametros copulatorios y del eyaculado

Experimento 2

Eyaculador rapido o normal Eyaculadores rapidos o normales
sin competencia en competencia
cuando la hembra regula cuando la hembra regula

NOTA: En cada contexto copulatorio. la prueba termina cuando eyacula un macho.

Parametros copulatorios: Parametros seminales:

Latencia de eyaculacion Numero de espermatozoides eyaculados
Latencia de intromision Movilidad espermatica

Latencias de monta, Viabilidad espermatica

Numero de intromisiones Morfologia espermatica

Numero de montas Peso y tamaiio del tapon seminal
Intervalo inter-intromision

Figura 6. Disefio experimental. El experimento 1 consistié en comprobar si los fenotipos se mantienen o no
durante la cdpula regulada para ello se probaron a los machos de fenotipo copulatorio Rapido y Normal cuando
la hembra reguld la copula. El experimento 2 tuvo la finalidad de investigar los efectos de la competencia entre
machos rapidos y normales sobre la conducta y eyaculado de los machos cuando la hembra regula la cépula.
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5.3.1 Parametros copulatorios

Los parametros evaluados fueron: latencia de monta, latencia de intromision, latencia de
eyaculacion, asi como el numero de montas y el nimero de intromisiones. Las latencias de
monta e intromision se refieren al tiempo transcurrido desde la introduccién de la hembra en la
arena-copulatoria hasta que ocurre la primera monta o intromision, respectivamente. Se expresa
en segundos (s). La latencia de eyaculacion es el intervalo de tiempo que transcurre desde la
primera intromision hasta que ocurre la eyaculacion, también expresada en s. EI nimero de
montas y el nimero de intromisiones es el recuento simple de estos patrones motores, sin y con
insercion del pene en la vagina, respectivamente. El intervalo inter-intromision se calculé como

sigue: latencia de eyaculacion/nimero de intromisiones (Larsson 1956).

5.4 Analisis del eyaculado

5.4.1 Obtencion del fluido uterino y tapon seminal

Después de haber observado el patron eyaculatorio, solo a la hembra se le permitié permanecer
en la arena-copulatoria durante 5 min para que ocurriera el transporte espermatico transcervical.
Posteriormente, la hembra fue anestesiada con pentobarbital sodico (26 mg/kg via
intraperitoneal; Pfizer, México). Una vez anestesiada, se realiz6 una incision abdominal, se
identificaron los cuernos uterinos que luego de ser ligados, proximal y distalmente, fueron
extraidos de la cavidad abdominal. Inmediatamente después fueron sumergidos en solucion
fisioldgica a 37 °C para retirarles cuidadosamente la grasa y los vasos sanguineos adyacentes.
Una vez limpios, los cuernos uterinos fueron colocados sobre papel absorbente para eliminar el
exceso de salina. Finalmente, se hizo una incision en el extremo proximal de cada cuerno y el
contenido de ambos se colecto en un tubo de microcentrifuga de 1.5 ml, que se mantuvo en un
termo-bafio a 37 °C (Figura 7). La hembra fue sacrificada después de haber obtenido el
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contenido uterino y el tapdn seminal con una sobredosis de pentobarbital sodico (via
intracardiaca; Pfizer, México).

El tapdn copulatorio de cada eyaculacion fue obtenido de la vagina quirdrgicamente. Se
realizé una incision desde el orificio vaginal hasta el pubis y después se separé la sinfisis pubica.
Posteriormente, se hizo una incision longitudinal en la pared vaginal dorsal para visualizar el
tapdn copulatorio. El tapon fue desprendido de la pared vaginal y cérvix a los que se encuentra

muy fuertemente adherido (Lucio y Tlachi-Lopez 2008, Tlachi-Lépez et al. 2011, Lucio et al.

2013).

Figura 7. Obtencion del fluido cuernos uterinos de una rata hembra recién inseminada. A) Incisién amplia en piel
y aponeurosis muscular abdominal. B) Cuernos uterinos ligados para ser extraidos de cavidad abdominal. C)
Cuernos uterinos suspendidos en salina limpios de grasa y vasos sanguineos adyacentes. D) Tubo de microcentrifuga
conteniendo el fluido colectado de ambos cuernos uterinos.

5.4.2 Parametros seminales
Los parametros seminales evaluados fueron cuenta espermatica, movilidad espermatica,
viabilidad espermatica y morfologia espermatica. La cuenta espermatica se refiere al nimero de
espermatozoides en 1 ml expresado en millones. Se clasifica en tres categorias: progresiva
(espermatozoides con movimientos rectilineos hacia delante), in situ (espermatozoides con
movimientos circulares) e inmovil (espermatozoides sin movimiento). La viabilidad de los
espermatozoides es el nimero de espermatozoides vivos. La morfologia espermatica es el

namero de espermatozoides que presentan caracteristicas normales en cabeza y flagelo. La
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motilidad espermatica, la viabilidad espermatica y la morfologia espermatica se expresan en
porcentaje.

La evaluacion de la cuenta espermatica consistio en colocar 10 pl del fluido seminal
extraido de los cuernos uterinos, en un portaobjetos (25 x 75 mm) que se cubrié con un
cubreobjetos (22 x 22 mm). Después, utilizando un microscopio Optico de fluorescencia
(Microscopio Optiphot-2 Nikon, EUA), el numero de espermatozoides se cuantifico en tres
campos aleatorios para determinar la densidad espermatica. Dependiendo del promedio de
espermatozoides obtenido de los tres campos, se realizd la dilucion correspondiente: 1: 100
(semen: diluyente) corresponde a un rango promedio de 10-60 espermatozoides; 1: 200 a 61-
120 espermatozoides; 1: 300 a 121-200 espermatozoides, 6 1: 400 > 200 espermatozoides. A
continuacion, se tomaron 10 pl de la dilucion y se colocaron en cada una de las dos cuadriculas
de conteo del hemocitometro o cdmara de Neubauer (camara Neubauer con linea doble brillante,
Superior Marienfeld, Alemania; Figura 8). En cada cuadricula se localizo el cuadrado grande
central (identificado con el nimero 5) y se conto el nimero de espermatozoides en 5 cuadrantes
(los cuatro de cada esquina y el cuadrante central), utilizando el objetivo 20x del microscopio
(Figura 8). Posteriormente, el valor obtenido de ambas cuadriculas se promedio y multiplico

por 10° para obtener el recuento de espermatozoides en la muestra uterina.
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Figura 8. Cadmara de Neubauer para conteo de espermatozoides. La cdmara tiene dos cuadriculas, cada una esta
dividida en 9 cuadrados grandes de 1 mm?. El cuadrado grande central (en rojo, nimero 5) esta dividido en 25
cuadrados con aristas de 0.2 mm, cada uno de los 25 esté subdividido en 16 cuadrados pequefios con aristas de 0.05
mm y una superficie de 0.0025 mm?. Se cuenta el nimero de espermatozoides en los 5 cuadrantes (uno de las cuatro
esquinas y el central, los que se muestran en la figura con nimeros romanos). En el conteo de espermatozoides se
consideran las cabezas o flagelos de espermatozoides que estén dentro de cada cuadrante, es decir, dentro de los 16
cuadrados mas pequefios. Si la cabeza o flagelo del espermatozoide queda sobre la linea roja que forma los limites
del cuadrante (superior e izquierdo) estos también se cuentan. Se obtienen el promedio de las dos cuadriculas y el
resultado se multiplica por 10°.

El andlisis de la movilidad espermatica requirié de 10 ul de fluido seminal colocado sobre
un portaobjetos de microscopio (25 x 75 mm) que se cubri6 con un cubreobjetos (22 x 22 mm).
Los espermatozoides se clasificaron en aquellos de movilidad progresiva, in situ e inmoviles.
La motilidad se observo utilizando el objetivo 20x del microscopio. Se contaron cien
espermatozoides, un contador digital (Conductronic 220, México). El conteo fue de izquierda a
derecha, siguiendo una linea media horizontal en el ocular del microscopio. EI nimero obtenido
en cada categoria se expresé como porcentaje.

La evaluacion de la viabilidad y morfologia espermaticas requirieron de un colorante
constituido por nigrosina, eosina y citrato de sodio, todos disueltos en agua destilada. Se

colocaron 10 pl del fluido seminal mas 10 ul del colorante en un portaobjetos de microscopio y
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se mezclaron con un palillo. Las muestras fueron observadas en el microscopio éptico de
fluorescencia (Microscopio Optiphot-2 Nikon, EUA), y los espermatozoides tefiidos se
consideraron muertos; los no tefiidos, vivos. Se contaron cien espermatozoides utilizando el
objetivo 100x del microscopio. Ademas, los espermatozoides normales (con una cabeza en
forma de hoz y flagelo largo) se distinguieron de los anormales (con doble cabeza o flagelos
fragmentados o flagelos en zig-zag). Cien espermatozoides elegidos al azar fueron evaluados
usando el objetivo 100x del microscopio. La viabilidad y la morfologia de los espermatozoides
se expresaron como porcentaje (Lucio y Tlachi-Lopez 2008, Tlachi-Lopez et al. 2011, Lucio et

al. 2013).

5.4.3 Parametros del tapon seminal
Las medidas del tapon copulatorio fueron tomadas con un vernier digital (Mitutoyo MTC700-
113, Japén) e incluyeron el tamafio (longitud y anchura) que fue expresado en milimetros. El
peso fue determinado con una balanza analitica (Mettler AE50, USA) y se expresd en

miligramos (Lucio y Tlachi-Lopez 2008, Lucio et al. 2013).

5.5 Identificacion de fenotipos eyaculatorios

Las ratas macho con experiencia sexual se clasificaron en fenotipos eyaculatorios dependiendo
de la duracién de las latencias de eyaculacion en sus pruebas de entrenamiento copulatorio. Cada
prueba del entrenamiento copulatorio consistié en una serie eyaculatoria. Los valores de tales
latencias de las Ultimas cuatro pruebas del entrenamiento fueron promediadas para categorizar
a los machos en eyaculadores rapidos o normales como se ha realizado previamente (Olivier et
al. 2006, Fuentes-Morales 2013, ver los ANEXOS para una descripcion mas detallada de los

fenotipos copulatorios).
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5.6 Entrenamiento femenino para pruebas de habituacion de copula regulada

Las hembras fueron habituadas durante 30 min por tres dias en la arena para copula regulada sin
la presencia del macho (Figura 9). Esta arena tiene un orificio (5 cm ancho y 3.5 cm altura) en
la parte basal por donde sélo cabe la hembra debido al menor tamafio corporal respecto del
macho. Adyacente a la arena-copulatoria esta el compartimento neutro (rectangulo de acrilico,
50 cm largo y 30 cm ancho y 30 cm de altura). Por el orificio entra a la arena-copulatoria (donde
se encuentra el macho) y sale de la arena-copulatoria al compartimento neutro (para evitar al

macho), es asi como regula la copula.

5.7 Copulas sin-competencia masculina versus cépulas con-competencia masculina

cuando la hembra regula

Los machos sexualmente expertos fueron clasificados en fenotipos eyaculatorios y analizados
en dos contextos copulatorios: sin-competencia y competencia durante la cdpula regulada por

la hembra.

Sin-competencia durante la cépula regulada por la hembra
Los machos de fenotipo rapido (R; n=28) y los de fenotipo normal (N; n=14) fueron evaluados
en pruebas copulatorias mientras la hembra regulaba la copula. El nimero de animales de cada
fenotipo fue determinado por el numero de fenotipos encontrados en la poblacion de ratas del
bioterio.

El dia de la prueba, el macho se colocé en la arena-copulatoria durante 5 min para su
habituacion. Al mismo tiempo, se colocd a la hembra (ovariectomizada con estro inducido) en

el compartimento neutro (Figura 9). El orificio que conecta a las dos arenas se mantuvo cerrado
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durante la habituacién. Una vez transcurridos los 5 min se retird la tapa del orificio e inicio la
observacion de los patrones motores copulatorios del macho (montas, intromisiones y
eyaculacion). Cada patron motor copulatorio se registré de manera directa por el observador.
Ademas, las pruebas conductuales fueron videograbadas con una camara (SONY, Mexico,
Handycam HDR-CX405). Posteriormente se obtuvieron los parametros copulatorios
convencionales.

Terminada la prueba y habiendo obtenido el fluido uterino de la hembra recién

inseminada, se analizaron los parametros del eyaculado como previamente se menciono.

Arena : .
copulatoria i Compartimento
; neutro

i

ificio que,
ICa arena y
compartimento
Figura 9. Arena-copulatoria para cpula regulada
por la hembra. La arena-copulatoria esta adyacente
al compartimento neutro, donde la hembra se
mantiene alejada del macho.

Competencia durante la cdpula regulada por la hembra

Los machos R y N fueron sometidos a pruebas copulatorias de competencia masculina, mientras
la hembra regulaba la copula. Las competencias fueron entre dos machos rapidos (n=26, R
versus R) o dos normales (n=10, N versus N). Asi, el rival de un macho R era otro R y el rival
de un macho N era otro N. Esto con la finalidad de que el fenotipo del macho rival no fuera otra

variable que influyera con los resultados del estudio.
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Los dos machos R o los dos machos N fueron introducidos en la misma arena-copulatoria
y una hembra (con estro inducido) fue colocada en el compartimento neutro (Figura 10). El
orificio que conecta a las dos arenas se mantuvo cerrado durante la habituacion. Una vez
transcurridos los 5 min se retird la tapa del orificio de la arena copulatoria e inicio el registro de
los patrones motores copulatorios del macho. Estos patrones motores se obtuvieron de manera
directa por el observador. La prueba termind cuando uno de los dos machos eyaculd. Las
pruebas conductuales fueron videograbadas con una camara (SONY, México, Handycam HDR-

CX405). Posteriormente se obtuvieron y se registraron los pardmetros del eyaculado.

Compartimento
neutro

Figura 10. Arena para cOpula regulada por la
hembra durante la prueba con competencia
masculina. Se colocan dos machos en la arena
copulatoria y una hembra en el compartimento
neutro.

5.8 Analisis estadistico

Los parametros copulatorios se compararon entre la no-competencia con copula regulada
(Répido o Normal) y la competencia con cépula regulada de cada fenotipo (Réapido versus
Rapido o Normal versus Normal) mediante la prueba U de Mann-Whitney. Se utiliz6 la misma
prueba estadistica para comparar los valores de los parametros seminales entre los dos contextos
copulatorios. El nivel de significancia se fijo en 0.05. Los resultados se expresaron como
mediana y primer cuartil-tercer cuartil [mediana, (q1-g3)]. Las pruebas estadisticas se realizaron

utilizando el software Sigma Plot version 11.0 para Windows Vista.
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6.1 Consecuencias de la presencia de un rival sobre la copula y el eyaculado de la rata

macho cuando la hembra regula

6. RESULTADOS

6.1.1 Fenotipos copulatorios y eyaculado cuando la hembra regula

Dado que no existian datos de los parametros copulatorios ni del eyaculado de machos de

diferente fenotipo copulatorio cuando la hembra regula la copula, machos R (n=28) y N (n=14)

fueron evaluados en el contexto de no-competencia con copula regulada por la hembra. La

latencia de eyaculacion fue significativamente mayor en los machos N respecto de los R cuando

la hembra regul6 la copula. El resto de los parametros copulatorios, asi como los parametros

seminales fueron similares entre los machos R y N cuando la hembra regulé el apareamiento

(Tabla 2).

Tabla 2. Parametros copulatorios y seminales de machos de fenotipo rapido y fenotipo normal

durante la copula regulada.

Machos R Machos N

Parametros copulatorios Mediana ql-g3 Mediana ql-g3 P
Latencia de eyaculacion (s) 308 215.50-439.50  480.50 387-597 0.01**
NUmero de intromisiones 7 5-10 10 6-11 0.20
Intervalo inter-intromision (s) 38.51 27.87-65 62.50 35.11-127.16  0.17
Latencia de monta (s) 32 13-69 21.50 15-23 0.14
Latencia de intromission (S) 34.50 17-91.50 25 17-72 0.60
NUmero de montas 2 1-4 3 2-8 0.08
Parametros seminales

Cuenta espermatica (10°) 44.75 34.50-57.50 52.50 37.50-93.50 0.30
Movilidad espermaética (%) 72.50 59-82 65 56-81 0.50
Viabilidad espermatica (%) 89.50 82-92 93 83.50-95 0.09
Morfologia espermatica (%) 95 94-97 95 92.50-97 0.83
Peso del tapon seminal (mg) 94.20 86.85-112.75 95.55 92.50-108.10  0.50
Ancho del tap6n seminal (mm) 5 4.70-5.60 5.35 4.90-5.80 0.22
Largo del tapon seminal (mm) 10.40 9.32-10.87 10.65 9.80-11.10  0.47

*p <0.05, **p <0.01, U de Mann-Whitney. R = Machos rapidos. N = Machos normales.
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6.1.2 Competencia entre machos considerando el fenotipo copulatorio cuando la

hembra regula: efectos sobre la copula y el eyaculado

Los machos R (n=16) que eyacularon durante la competencia con coépula regulada
incrementaron significativamente la latencia de eyaculacion e intervalo inter-intromision [592
(300-920) s y 99.75 (41.30-165.27) s, respectivamente] comparados con los machos R sin
competencia con copula regulada [308 (215.50-439.50) s y 38.51 (27.87-65) s, respectivamente]
(Figura 11). El resto de los parametros copulatorios fue similar entre los dos contextos
copulatorios (Tabla 3). Asi, la copula regulada durante la competencia incremento la duracién
de la latencia eyaculatoria de los machos rapidos hasta un valor cercano al de los machos

normales.

Tabla 3. Parametros copulatorios y seminales de machos de fenotipo rapido en competencia
durante la cépula regulada.

No-competencia Competencia
Parametros copulatorios mediana ql-g3 mediana ql-g3 P
Latencia de eyaculacion (s) 308 215.50-439.50 592 300-920 0.02*
NUmero de intromisiones 7 5-10 6 4-8 0.08
Intervalo inter-intromision (s) 38.51 27.87-65 99.75 41.30-165.27  0.006**
Latencia de monta (s) 32 13-69 37 14.50-116.50 0.47
Latencia de intromission (S) 34.50 17-91.50 37 14.50-164  0.70
NUmero de montas 2 1-4 2 1-3.50 0.52
Parametros seminales
Cuenta espermatica (10°) 44.75 34.50-57.50 63 34-83.37 0.19
Movilidad espermaética (%) 72.50 59-82 20 0.75-77.25  0.04*
Viabilidad espermatica (%) 89.50 82-92 89 86-92.25  0.46
Morfologia espermatica (%) 95 94-97 94 89.75-95.25  0.15
Peso del tapon seminal (mg) 94.20 86.85-112.75 91 87.27-110.87 0.64
Ancho del tap6n seminal (mm) 5 4.70-5.60 5.10 4.82-5.40 0.98
Largo del tapon seminal (mm) 10.40 9.32-10.87 10 9.12-11.05 07

*p <0.05, **p< 0.01, U de Mann-Whitney.
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Latencia de eyaculacion (s) Nimero de intromisiones  Intervalo inter-intromision (s)
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Figura 11. Pardmetros copulatorios de machos de fenotipo répido (R) en competencia durante la copula regulada.
La latencia eyaculatoria y el intervalo inter-intromision se incrementaron significativamente en competencia
respecto de la no-competencia. *p < 0.05, **p <0.01, U de Mann-Whitney.

Respecto a los parametros del eyaculado, la cuenta espermatica de los machos R que
eyacularon durante la competencia con copula regulada fue similar a la de los machos réapidos
sin competencia con copula regulada [44.75 (34.50-57.50) millones] versus [63 (34-83.37)
millones]; respectivamente, Figura 12]. Sin embargo, el porcentaje de espermatozoides con
movilidad espermatica progresiva disminuyo significativamente durante la competencia con
copula regulada [20 (0.75-77.25) %] respecto de la no-competencia con cépula regulada [72.50
(59-82) %]. El resto de los parametros seminales fue similar entre los dos contextos copulatorios
(Tabla 3). Asi, la copula regulada durante la competencia incremento la duracion de la latencia

eyaculatoria de los machos R hasta un valor cercano al de los machos N.
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Figura 12. Parametros del eyaculado de machos de fenotipo répido (R) en competencia durante la copula regulada.
El nimero de espermatozoides eyaculados fue similar en la competencia respecto de la no-competencia. No
obstante, la movilidad espermaética progresiva disminuyé significativamente en la competencia. *p < 0.05, **p <
0.01, U de Mann-Whitney.

Los machos N (n=10) durante la competencia con cépula regulada incrementaron
significativamente las latencias de monta y de intromision [152 (98-221) s y 197.50 (129-354)
s, respectivamente] comparados con los machos N durante la no-competencia con cépula
regulada [21.50 (15-23) s y 25 (17-72) s, respectivamente, Tabla 4]. La latencia de eyaculacion,
namero de montas e intromisiones e intervalo inter-intromision fueron similares durante los dos

contextos copulatorios, Tabla 4).
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Tabla 4. Pardmetros copulatorios y seminales de machos normales en competencia durante la

copula regulada.

No-competencia

Competencia

Parametros copulatorios Mediana ql-g3 mediana ql-g3 p
Latencia de eyaculacion (s) 480.50 387-597 422.50 228-663 0.63
Numero de intromisiones 10 6-11 8 4-10 0.17
Intervalo inter-intromision (s) 62.50 35.11-127.16 79.33 38.16-112 0.74
Latencia de monta (s) 21.50 15-23 152 98-221 0.001**
Latencia de intromission (S) 25 17-72 197.50 129-354 0.001**
Numero de montas 3 2-8 3.50 2-9 0.81
Parametros seminales

Cuenta espermatica (10°) 52.50 37.50-93.50 33.25 27.50-43 0.12
Movilidad espermaética (%) 65 56-81 19 8-38 0.008**
Viabilidad espermatica (%) 93 83.50-95 89.50 88-93 0.40
Morfologia espermatica (%) 95 92.50-97 92.50 91-96 0.12
Peso del tapon seminal (mg) 95.55 92.50-108.10 89.15 87.80-92.60 0.05
Ancho del tapon seminal (mm) 5.35 4.90-5.80 5.10 4.50-5.60 0.29
Largo del tapon seminal (mm) 10.65 9.80-11.10 9.50 8.80-10.10 0.08

*p <0.05, ** p <0.01, U de Mann-Whitney.

La cuenta espermatica de los machos N que eyacularon durante la competencia con cépula

regulada [33.25 (27.50-43) millones] fue similar a la de los machos N sin competencia con

copula regulada [52.50 (37.50-93.50) millones, Figura 13]. No obstante, la movilidad

espermatica progresiva disminuy6 significativamente durante la competencia con coépula

regulada [19 (8-38) %] respecto de la no-competencia con cépula regulada [65 (56-81) %,

Figura 13).
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Figura 13. Pardmetros del eyaculado de machos de fenotipo normal (N) en competencia con copula regulada. La
cuenta espermatica se mantuvo en la competencia, sin embargo, la movilidad espermatica disminuyé

significativamente. *p < 0.05, **p <0.01, U de Mann-Whitney.
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7. DISCUSION
7.1 Los fenotipos eyaculatorios se mantienen cuando no existe competencia y la hembra

regula la copula

El presente trabajo doctoral es el primero en analizar si la conducta copulatoria de machos R y
N se modifica cuando la hembra regula el encuentro sexual. Encontramos que los machos R y
los N mantuvieron la duracion de sus latencias de eyaculacién y no modificaron su conducta
copulatoria. Esto podria significar que la hembra no esta regulando la cépula o que copula al
ritmo del fenotipo del macho. La primera explicacion es poco probable porque se observo en
los experimentos que la hembra entraba y salia del compartimento del macho y permanecia un
tiempo en la arena neutra lo que describe la conducta de copula regulada por la hembra. Se ha
mostrado que, en condiciones de laboratorio, el 80% de las ratas hembra regulan la copula
(Ferreira-Nufio et al. 2005). Asi, la segunda explicacién es mas plausible, cuando la hembra
regula la copula lo hace al ritmo del macho R y del macho N. Entonces, la hembra copula a un
ritmo mas rapido con el macho R que con el macho N, i.e., la hembra copula al ritmo del
fenotipo del macho con el que se esta apareando.

Es probable que la hembra pueda detectar cambios sutiles en el desempefio copulatorio de
los machos R y N. En estudios previos, nuestro grupo de investigacion mostré que los machos
R realizan menos intromisiones que los machos N (Fuentes-Morales 2013). Las intromisiones
son importantes porque provocan la estimulacion mecéanica vagino-cervical necesaria para
activar el reflejo neuroenddcrino que inicia la gestacion (Erskine 1985, Erskine et al. 1989,
Komisaruk y Steinman 1986, Terkel 1986). También, las intromisiones son indispensables para
que la copula sea recompensante para la hembra (efecto placentero de la cépula debido al

incremento de dopamina, Agmo 1999). Son necesarias al menos 10 intromisiones cuando ella
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regula (McClintock y Anisko 1982). Quiza el macho R al realizar menos intromisiones no le
asegura a la hembra la gestacion ni le provee la estimulacion suficiente para que la copula sea
recompensante y por ello la hembra copula al ritmo del macho para conseguir mas estimulacion
sexual. En contraste, cuando la hembra copula con un macho N, sigue el ritmo del macho. Asi,
los machos N le proveen mas estimulacion sexual a la hembra y entonces ella copula a un ritmo
mas lento respecto del macho R. Esto indica que el ritmo copulatorio del macho N es el adecuado
para darle a la hembra la estimulacion sexual que necesita para desencadenar la gestacion y para
que la copula le sea recompensante (McClintock y Anisko 1982). Es probable que los machos
N y no los R tengan mas ventajas reproductivas ante la competencia espermatica, ya que si ellos
realizan mas de 10 intromisiones podrian abreviar el estro de 18 a 12-15 h (Erskine 1985) de tal
forma que la hembra copularia con un menor nimero de machos.

Larsson (1961) mostr6 que en los machos R, el intervalo inter-intromision es menor
comparado con los machos N. En estudios previos, también nuestro grupo encontrd el mismo
resultado, ademas que los machos R intromiten menos veces (Fuentes-Morales 2013). Es
posible que los machos R realicen intromisiones mas vigorosas (Fuentes-Morales 2013). Tal
parece que los machos R son mas susceptibles a la excitacion sexual (Larsson 1961). Es probable
que este tipo de conductas sea detectado por la hembra e incluso ella pueda inferir que el macho
R es un eyaculador precoz. Asi ella copula al ritmo del macho R para recibir mas estimulacion
sexual antes de que el macho eyacule.

Las hembras podrian detectar también cambios sutiles en la duracion de las intromisiones
y de la eyaculacion. Se ha sugerido que la duracion de la intromision esta relacionada con la
excitacion provocada en la hembra (Sachs y Barfield 1974). En estudios previos se ha mostrado
que el promedio de la duracion de las intromisiones en la rata macho puede variar entre 250,

300 y 470 milisegundos (Stone y Ferguson 1940, Pierce y Nutall 1961, Carlsson y Larson 1962,
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Bermant et al. 1969). Stone y Ferguson (1940) cuantificaron la duracion de la eyaculacion en
10 series eyaculatorias sucesivas de ratas macho, encontrando que los valores variaban desde 1
a4 s, aunque en la primera serie eyaculatoria la duracion de la eyaculacion era de 1 s (Bermant
1967). Quiza la duracion de las intromisiones y eyaculaciones en los machos R es més corta que
la de los machos N, de tal forma que los machos R proveen menor excitacion sexual a la hembra
y ellas copulan al ritmo de los machos R para recibir mas estimulacion sexual. Estudios futuros

deben ser realizados en machos de diferente fenotipo para poner a prueba estas hipétesis.

7.2 El eyaculado de los machos de fenotipo rapido y normal no cambia en las copulas sin

competencia cuando la hembra regula la cépula

Respecto al eyaculado, en estudios previos obtuvimos que los machos R y los N presentan los
mismos parametros seminales sin copula regulada (Fuentes-Morales 2013). Interesantemente,
durante la copula regulada por la hembra, tampoco observamos diferencias significativas en
ningun parametro seminal entre fenotipos (Fuentes-Morales 2013). Este efecto es de esperarse
dado que los machos no modificaron ningn parametro copulatorio cuando la hembra regul6 la
copula, mas bien, ellos copularon a su ritmo. EIl presente trabajo es el primero en analizar la
calidad del eyaculado considerando los fenotipos copulatorios de los machos cuando la hembra
regula la cépula. Se sabe que cuando la hembra regula la copula, en experimentos en los que se
ignora el fenotipo del macho, el nimero de crias incrementa (Coopersmith y Erskine 1994). Esto
haria suponer que la calidad de los parametros del eyaculado de los machos durante la copula
regulada por la hembra es mejor. Sin embargo, nosotros obtuvimos que esto no ocurre porque,
independientemente del fenotipo, los valores del eyaculado son los mismos. Probablemente,

existen otros factores que determinen el incremento en el nimero de crias cuando la hembra
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regula la copula, ya que se sabe que existen mecanismos internos que la hembra inicia para

favorecer la gestacion de ciertos machos (eleccion criptica, Eberhard 1996).

7.3 Los machos rapidos alargan la latencia eyaculatoria durante la competencia; los

machos normales no, cuando la hembra regula la cépula

Recientemente, nuestro grupo mostré que los parametros copulatorios dependen del fenotipo
copulatorio de los machos que copulan en la competencia. Cuando compiten dos machos R el
que eyacula primero disminuye aun mas la latencia de eyaculacién, el niUmero de intromisiones
y el intervalo inter-intromision (Fuentes-Morales 2013). Sin embargo, cuando los machos R
compiten durante la copula regulada por la hembra se incrementa significativamente la latencia
de eyaculacion y el intervalo inter-intromision hasta valores similares a los de los machos N.
Esto sugiere que la hembra al regular la cdpula durante una situacion de competencia masculina
si es un factor importante que regula la conducta del macho, independientemente de su fenotipo.

Se ha mostrado que hay un nimero 6ptimo de intromisiones y un tiempo optimo entre
intromisiones que facilitan la prefiez en la rata hembra (intervalo inter-intromision, Edmonds et
al. 1972, McClintock y Adler 1978, Erskine et al. 1989) y que este efecto es dependiente de la
estimulacion vaginocervical (Komisaruk y Steinman1986, Terkel 1986). La hembra, al regular
la copula durante la competencia entre machos R, hace que el macho copule al ritmo de un
macho N, ya que incrementa la latencia de eyaculacion y el intervalo inter-intromision, quiza
porque a ese ritmo ella recibe la estimulacion vagino-cervical adecuada necesaria para inducir
el reflejo neuroenddcrino que inicia la gestacion.

En estudios previos evaluamos el efecto de la competencia en machos N encontrando que

no modifican ningin pardmetro copulatorio durante la competencia. En este estudio, la copula

47



regulada durante la competencia tampoco modificd el ritmo copulatorio de los machos N. Esto
debido a que los machos N no mostraron diferencias en la latencia de eyaculacion, numero de
intromisiones ni en el intervalo inter-intromision. Asi, los resultados sugieren nuevamente, que
es muy probable que en una situacion de competencia, el ritmo copulatorio del macho normal
sea el adecuado para darle a la hembra la estimulacion sexual que necesita y desencadenar la
gestacion. Entonces, si durante la competencia se consideraba una ventaja eyacular rapidamente
ya que el macho podria inseminar mas hembras, cuando la hembra regula la cpula esto no tiene
sentido, ya que la hembra pone en igualdad de condiciones copulatorias a los machos Ry N
dado que los dos le proveen la misma estimulacion sexual. De esta forma, las hembras podrian
controlar la paternidad de su descendencia de una manera sutil a traveés de diversos mecanismos

de comportamiento y fisiologicos (Birkhead y Moller 1993).

7.4 La cuenta espermatica no cambia por la competencia entre machos rapidos ni entre

machos normales cuando la hembra regula

Algunos estudios realizados en la rata de laboratorio indican que la competencia copulatoria
incrementa el nimero de espermatozoides que inseminan los machos cuando copulan en la
presencia de un rival sin contacto fisico entre machos (Bellis et al. 1990, Pound y Gage 2004).
Lo mismo ocurre durante la cépula simultanea entre dos machos y una hembra (Fuentes-Morales
et al. 2020). Estudios previos de competencia donde se han considerado los fenotipos
copulatorios muestran que la cuenta espermatica incrementa sélo en machos R (Fuentes-
Morales 2013). Sin embargo, cuando la hembra regul6é la copula durante la competencia,
encontramos que el nimero de espermatozoides eyaculados por los machos R fue el mismo

comparado con los machos del contexto sin competencia. Se observo lo mismo con los machos
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de fenotipo N, en competencia simultanea hubo mas espermatozoides depositados en el tracto
reproductor femenino, aunque so fue asi cuando la cépula ocurrié sin rival. Es decir, la
competencia masculina -independientemente del fenotipo- no incrementa el nimero de
espermatozoides que expele el macho cuando la hembra regula la copula. Se asume que los
machos tienen la capacidad de repartir prudentemente sus espermatozoides dependiendo del
riesgo o intensidad de competencia espermatica (Parker 1970). Asi, cuando hay un rival
copulatorio, los machos incrementan al maximo el nimero de espermatozoides inseminados y
cuando existen mas de dos rivales tienden a disminuir el gasto del eyaculado (Parker et al. 1996).
Es probable que los machos R no expulsen mas espermatozoides durante la competencia con
copula regulada porque quiza pueden inferir que la hembra puede escapar, ya no regresar a
copular o que ella podria copular con otros machos rivales. De hecho, se sabe que las ratas
macho utilizan sefiales auditivas, visuales, olfativas y tactiles para inferir la competencia (Pound
y Gage 2004). Seria un gasto innecesario para el macho incrementar el nimero de

espermatozoides eyaculados cuando las probabilidades de engendrar descendencia son menores.

7.5 La movilidad espermatica de machos rapidos y machos normales disminuye

drasticamente por la competencia cuando la hembra regula

Generalmente, se dice que la competencia espermatica ha promovido el incremento en la
movilidad espermatica en especies poliandricas respecto a las monandricas (Firman y Simons
2010). Asi, se asume que los espermatozoides mas rapidos deberian ser mas competitivos
durante la competencia espermatica porque ellos podrian alcanzar al 6vulo mas rapidamente que
los espermatozoides lentos (Snook 2005). Gémez-Montoto y su grupo (2011) realizaron un

estudio comparativo entre 18 especies de roedores (disefio entre-sujetos) con alto riesgo de
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competencia espermatica y encontraron que se incrementa el nimero de espermatozoides, asi
como el porcentaje de espermatozoides moviles, normales y viables comparados con los
espermatozoides de roedores con bajo riesgo. Sin embargo, no se ha evaluado
experimentalmente, la competencia simultanea entre dos 0 mas machos de la misma especie
(disefio intra-sujetos) ni sus efectos sobre la calidad del eyaculado, particularmente, la movilidad
espermatica, menos aun considerando el fenotipo de los machos rivales y el papel femenino.

Anteriormente, nuestro grupo de investigacion, mostré que la competencia masculina
disminuye drasticamente la movilidad espermatica progresiva y que este efecto es independiente
del fenotipo de los machos (Fuentes-Morales 2013). Esto significa que la competencia es la
principal causa del decremento en la movilidad espermatica. Este resultado es contrario a lo que
se sabe de aves y peces. En esas especies se ha mostrado experimentalmente una correlacién
positiva entre la competencia y la movilidad espermatica (Birkhead et al. 1999, Burness et al.
2004, Gage et al. 2004, Snook 2005). Sin embargo, se sabe que la movilidad espermatica es
susceptible a factores sociales. Un estudio, realizado con ratones, mostré que en una situacién
de competencia entre varios machos dominantes y subordinados cuando hay hembras, los
dominantes se vuelven agresivos, lo que se correlaciona negativamente con la movilidad
espermatica (Koyama y Kamimura 2000). También se ha mostrado que en ratones
subordinados, la actividad espermatica fue suprimida quiza por el estrés provocado por
feromonas de ratones dominantes (Koyama y Kamimura 2000).

En el presente estudio se muestra que cuando la hembra regula la copula, la movilidad
espermatica progresiva disminuye significativamente en el contexto de competencia respecto
del de no-competencia, independientemente del fenotipo de los machos. Estos datos sugieren
nuevamente que la competencia es la principal causa del decremento en la movilidad

espermatica, ya que los mismos resultados obtuvimos cuando el macho reguld la copula durante
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la competencia entre machos R y N (Fuentes-Morales 2013). Este efecto podria deberse a tres
circunstancias: 1) el macho rival, al saber que esta en competencia secrete algunas sustancias
que impidan la movilidad espermaética. Es claro que esta accion impedira no solo la movilidad
de los espermatozoides del contrincante sino también afectara la movilidad de sus propios
espermatozoides. En algunas especies como la rata, los espermatozoides de la cauda
epididimaria y vaso deferente estdn embebidos en inmobilina, una proteina visco-elastica
secretada por el epididimo que inmoviliza a los espermatozoides (Usselman y Cone 1983). 2)
La presencia de fibronectina en alta concentracién reduce la movilidad (Wennemuth et al.
2001). 3) El estrés en los machos generado por la competencia y esto repercuta en la disminucién
de la movilidad espermatica. Una situacion estresante eleva la corticosterona, esto pudiera
influir en la liberacién de las secreciones de las glandulas sexuales accesorias modificando el
volumen y los componentes del plasma seminal, repercutiendo en la movilidad espermatica. De
igual modo, podria influir en el transporte espermatico al modificar la funcion de la cauda
epididimaria o el vaso deferente (Schneider-Kofman y Sheiner 2005). Se ha descrito que en
ratones con alto grado de agresividad, la movilidad espermatica disminuye y que la actividad
espermatica también es suprimida quiza por el estrés provocado por las feromonas de ratones
dominates (Koyama y Kamimura 2000). Otra posibilidad es que la hembra ejerce alguna
influencia sobre los espermatozoides que alberga en sus conductos reproductivos (seleccion
criptica; Eberhard 1996). Probablemente, tal como sucede en insectos, se secreten compuestos
quimicos que inmovilicen temporalmente a los espermatozoides. Sugerimos que esta es la
opcion mas viable y que la pérdida de movilidad espermatica debido a la competencia sea un
efecto momentaneo debido a que se ha mostrado que el nimero de crias cuando la hembra regula
la copula es mayor (Coopersmith y Erskine 1994). No descartamos que la copula regulada por

la hembra puede tener un efecto positivo sobre la movilidad espermatica durante el tiempo en
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el que los espermatozoides se encuentran en el tracto reproductor femenino. Asi, con estos
experimentos no podemos decir que la hembra no es un factor importante que influye tanto en
la conducta masculina como en las caracteristicas del eyaculado durante la competencia. De
hecho, en algunos invertebrados, las hembras pueden influir en el movimiento de los
espermatozoides que estan almacenados (Snook 2005). Se ha mostrado que en la trucha, cuya
fertilizacion es externa y no contienen dérganos de almacenamiento, ellas pueden alterar la
movilidad espermatica a través del fluido ovarico secretado con los huevos (Turner y
Montgomerie 2002). Ademas, en una variedad de taxones es comun que los espermatozoides
sufran cambios bioquimicos, estructurales y/o de comportamiento dentro de los conductos
reproductivos femeninos. Estos cambios incluyen la maduracion del espermatozoide, la
activacion de la movilidad y/o modificaciones necesarias para adquirir la capacidad fertilizante.
En los mamiferos, se sabe que el comportamiento del espermatozoide cambia durante su paso
por el tracto reproductor femenino adoptando un patron de movilidad Unico cuando adquiere la
capacidad de fertilizar (capacitacion, Lindemann y Kanous 1989, Bedford y Yanagimachi
1992). De hecho, las hembras pueden secretar factores que cambian las caracteristicas
espermaticas para favorecer la fertilizacion tal como el factor activador de la movilidad
espermatica que provienen del évulo (Yoshida et al. 2008). Es probable que el ambiente
intrauterino y especificamente las moléculas derivadas de la hembra sean agentes de cambio
para los espermatozoides (Pitnick et al. 2009). Asi, también los anticuerpos citotoxicos
femeninos contra los espermatozoides pueden jugar un papel fundamental en la eleccion
criptica. De hecho, se ha mostrado que tales anticuerpos inhiben (Menge y Beitner 1989) o
reducen la movilidad espermatica (Daru et al. 1988). Sin embargo, los mecanismos moleculares
responsables de estas modificaciones son desconocidos. Asi, es posible que la rata hembra, al

regular la copula, como obtiene mayor estimulacion sexual, secrete algunas sustancias en el
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fluido uterino que favorezcan la movilidad espermatica progresiva. En el presente trabajo se
obtuvo el eyaculado después de aproximadamente 10 min de haber ocurrido la eyaculacion. Por
lo que, es probable que la movilidad espermatica estuviera disminuida porque ain no se han
secretado dichas sustancias. Asi es que habria que evaluar la movilidad en distintos momentos
post-eyaculatorios para constatar que aumenta. Entonces, es posible que este tipo de
mecanismos le confieran a la rata un tipo de control sobre cuéles espermatozoides utilizar para
la fertilizacion (Snook 2005). Asi, las hembras pueden asegurar que sus 6vulos sean fertilizados
por el “mejor espermatozoide” o por espermatozoides de los “mejores machos” sobre todo en
una situacion de competencia copulatoria y espermatica (Eberhard 1996, Birkhead 1998).
Estudios futuros necesitan realizarse para saber qué tipo de mecanismos internos o cripticos
regulan tales condiciones en la rata. Asi, los presentes resultados sugieren que la hembra, al
regular la copula, coloca en igualdad de condiciones a los machos R y N, de tal forma que sea
una competencia donde ninguno tenga ventajas y de esa forma seleccionar a los mejores

espermatozoides.
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8. CONCLUSIONES

Los machos R incrementaron su latencia de eyaculacién y el intervalo inter-intromision hasta
valores cercanos a los de los machos N durante la competencia con copula regulada. Asi, la
hembra hace que el macho rapido copule al ritmo del macho N.

Los machos N no modifican ningan parametro copulatorio. Por lo tanto, la hembra promueve la
igualdad de condiciones copulatorias a los machos de fenotipo R y N.

Los machos R no incrementan el nimero de espermatozoides eyaculados durante la
competencia con copula regulada. En consecuencia, la conducta de la hembra puede influir en
las estrategias del gasto espermatico de los machos.

Los machos N tampoco incrementan el nimero de espermatozoides eyaculados. Por lo tanto, la
hembra promueve la igualdad de condiciones a los machos de fenotipo Ry N.

La movilidad espermatica progresiva disminuy6 independientemente del fenotipo durante la
competencia con copula regulada. Aparentemente, la participacion de la hembra durante la
cépula no mejora la movilidad espermatica. Asi que la competencia masculina es el factor
principal que determina la pérdida de movilidad espermética. Sin embargo, no se descarta la
idea de que existan mecanismos cripticos femeninos puedan influir en la movilidad espermatica.
La competencia y la conducta de la hembra son factores que influyen en el desempefio sexual
de los machos involucrados y en la calidad seminal dependiendo del fenotipo del macho.
Aparentemente, los machos R son més suceptibles a los efectos de la competencia y de la cépula
regulada. Asi, la hembra al regular la copula, promueve la igualdad de condiciones
(conductuales y del eyaculado) a los machos R y N, de tal forma que sea una competencia real
donde ninguno tenga ventajas y los mejores espermatozoides fertilicen los 6vulos. Nuestro

estudio confirma la relevancia del papel de la hembra durante la competencia.
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10. ANEXOS

10.1 Identificacion de fenotipos eyaculatorios

Ratas macho (n = 92) fueron sometidas a entrenamiento copulatorio para identificar su fenotipo
copulatorio. EI entrenamiento consistio en que cada animal realizo 6 pruebas copulatorias, es
decir, ejecutd 6 series eyaculatorias cada una intercalada por 2 o 3 dias de abstinencia sexual.
Sin embargo, no todos los machos eyacularon desde su primera prueba del entrenamiento. Asi,
los machos requirieron de 6 a 11 pruebas copulatorias durante el entrenamiento. Siguiendo esta
metodologia, se encontraron 83 copuladores (machos que eyacularon durante la mayoria de las
pruebas del entrenamiento copulatorio), 6 machos realizaron solo montas con escasas
intromisiones y no eyacularon (machos no copuladores), 2 murieron por causas desconocidas
después del primer entrenamiento y 1 fue sacrificado por una infeccion. Los machos copuladores
presentaron un amplio rango de latencias eyaculatorias desde los 70 hasta los 1700 s durante los
entrenamientos. Se observa que la latencia eyaculatoria de estos animales se distribuyé como
un continuo, donde la mayoria de los animales eyacularon entre los 101-400 s y pocos, después

de los 700 s (Figura 14).
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Figura 14. Latencia eyaculatoria de una poblacion de ratas macho. Los histogramas de frecuencia de las Gltimas
cuatro pruebas del entrenamiento copulatorio muestran una distribucién sesgada a la izquierda, indicando que la

mayoria de los machos tienen latencias eyaculatorias de corta duracién entre 101-400 s.

Los machos copuladores mostraron variabilidad tanto en el nimero de pruebas realizadas

(de 4 a 11 pruebas de entrenamiento) durante el entrenamiento copulatorio como en la duracion

de la latencia eyaculatoria (de 100 hasta 1800 s). Estas variables fueron consideradas para la

clasificacion de los machos segin sus fenotipos eyaculatorios. El fenotipo copulatorio fue
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determinado al promediar la duracion de la latencia eyaculatoria de las Gltimas cuatro pruebas)
del entrenamiento copulatorio. De este modo, en la poblacién de estudio, s6lo encontramos
machos de fenotipo copulatorio rapido (n = 56) y normal (n = 22). No se encontraron machos

de fenotipo lento probablemente porque el tamafio de la muestra es pequefio.

10.1.1 Machos de fenotipo copulatorio rapido

La mayoria de los machos de fenotipo copulatorio rapido (88.8%) sélo necesitaron de 6 pruebas
de entrenamiento para determinar su fenotipo, ya que eyacularon desde la primera prueba del
entrenamiento. El resto de los machos (11.2%), requirieron de 8 pruebas de entrenamiento
porque eyacularon por primera vez a partir de la segunda o tercera prueba.

El 68.8% de los machos rapidos manifestaron su latencia eyaculatoria desde la primera
prueba y la mantuvieron en las subsecuentes pruebas (el valor de la latencia eyaculatoria en
pruebas sucesivas no varié drasticamente durante las seis pruebas del entrenamiento sino que se
mantuvo en valores similares); el resto la mantuvieron desde la tercera o quinta prueba (31.2%,
Figura 15 A-D). Aparentemente, todos los machos rapidos eyacularon entre 200-400 s una vez
que su latencia eyaculatoria se estabiliza. Para corroborar el mantenimiento en la duracién de la
latencia eyaculatoria de los machos rapidos éstas fueron comparadas en las Gltimas cuatro
pruebas del entrenamiento. No hubo diferencias significativas independientemente de si la
latencia se estabilizé durante la primera, segunda, tercera o quinta prueba del entrenamiento
(Figura 16). La latencia eyaculatoria promedio de los ultimos cuatro entrenamientos de los

machos rapidos fue de 250.25 + 16.86 s.
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Figura 15. Pruebas del entrenamiento copulatorio de machos de fenotipo rdpido. Machos que manifiestan su
latencia eyaculatoria desde la primera (A), segunda (B), tercera (C) o quinta prueba del entrenamiento copulatorio
(D). Una vez manifestada la latencia se mantiene en las subsecuentes pruebas del entrenamiento.
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10.1.2 Machos de fenotipo copulatorio normal

La mayoria de los machos de fenotipo copulatorio normal (90%) necesitaron hasta 11 pruebas
de entrenamiento copulatorio para determinar su fenotipo debido, por un lado, a que no eyaculan
en las primeras pruebas del entrenamiento y, por el otro, a la inestabilidad de su latencia
eyaculatoria. Asi, independientemente de que los machos eyaculen o no en las primeras pruebas
del entrenamiento, su latencia eyaculatoria es variable (Figura 17). Es importante resaltar que,
al igual que en los machos de fenotipo rapido, una vez expresado el patron eyaculatorio se siguio
presentando durante el entrenamiento. La latencia eyaculatoria de los machos normales varid
drasticamente durante las seis 0 méas pruebas del entrenamiento desde los 100 hasta los 2500 s,
Figura 17). No obstante, no se encontraron diferencias significativas en la latencia eyaculatoria
promedio de los machos durante los ultimos cuatro entrenamientos (Figura 18). La latencia
eyaculatoria promedio de los dltimos cuatro entrenamientos de los machos normales fue de

686.28 + 96.79 s.
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Figura 18. Latencia de eyaculacién de las ultimas cuatro pruebas del entrenamiento copulatorio de machos de
fenotipo normal. Los machos no muestran diferencia significativa en la latencia eyaculatoria de las Gltimas cuatro
pruebas del entrenamiento copulatorios. *p <0.05, Kruskal Wallis.
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Finalmente, se obtuvieron machos donde el patron eyaculatorio no se presentd con
regularidad desde el primer entrenamiento, es decir, algunas veces eyacularon pero otras veces
no y por lo tanto no se pudo determinar su latencia eyaculatoria ni su fenotipo porque no
contaron con cuatro pruebas eyaculatorias consecutivas. Estos machos fueron excluidos de los

experimentos.
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10.2 Hoja de registro de la conducta sexualmasculina

Macho: 1 Condicién: Intacto
Fecha: 4 de Mayo del 2016 Hora: _ 2:06 pm

Tiempo en minutos

Primera prueba del entrenamiento

Observador:

Maria Reyna Fuentes

0 1 2 3 4 5 6 7/ 8 9 10
RERENRITEEIEE
10s 18s 26s
11 12 13 14 15 16 17 18 19 20 21
22 23 24 25 26 27 28 29 30 31 32
33 34 35 36 37 38 39 40 41 42 43

Numero de montas (NM): 5
Numero de intromisiones (NT): 9
Intevalo inter-ntromision (III= LE/NI): 248 s/9=27.55 s

Observaciones:

Latencia de monta (LM): 10 s
Latencia de intromision (LI): 60 s +18 s=78 s
Latencia de eyaculacion (LE):42 s+60 s+60s + 26 s= 248 s
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Rats are gregarious and promiscuous and when a female enters the behavioral
estrous, two or more males copulate alternately (mount, intromission or ejaculation are
performed by any of them). This circumstance promotes male-male competition that in
turns influences the copulatory behavior. Thus, olfactory and visual cues of rivals, in
laboratory conditions, shorten the ejaculation latency. Other studies focusing in the
presence of a rival found the increment in the sperm number. Until now it is unknown
if the simultaneous presence of two males simultaneously influences the copulatory
performance and seminal characteristics. Thus, the aim of the present work was to
evaluate if sexual competition modifies the copulatory behavior, the sperm number
and seminal plug. Sexually experienced Wistar rats were tested in two different copula-
tory contexts. Non-competitive mating (one male-one female), and competitive mating
(two males-one female). The copulatory (mounts, intromissions and ejaculation) and
seminal parameters (sperm count and copulatory plug) were analyzed. We found that
under competition, there was a shortening of the ejaculation latency due to the reduction
in the inter-intromission interval and in the number of intromissions. Respect to the
ejaculate, the sperm number increased drastically but the seminal plug maintain its size
and weight characteristics. Therefore, sexual competition in male rats affects copulatory
behavior and sperm count but not the seminal plug.
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INTRODUCTION

In natural or semi-natural habitats, it is common for more than one male rat to
copulate with a receptive female during the estrus phase of a single reproductive cycle
(Barnett 1963; Calhoun 1963; McClintock & Adler 1978). Under this circumstance,
male rats do not physically fight between them (Barnett 1963; Robitaille & Bovet 1976;
Chu & Agmo 2019); instead, they copulate alternately with different females
(McClintock et al. 1982). Then, the males ejaculate temporally overlaps in the female’s
reproductive tract given rise to sperm competition (Parker 1970).

Male rat copulatory behavior include the execution of mounts and intromissions
that precede ejaculation (Larsson 1956; Lucio & Tlachi-Lépez 2008). Upon ejaculation,
spermatozoa are followed by the secretions of the accessory sexual glands (seminal
plasma), which coagulate within the vagina to form the seminal plug (Blandau 1945;
Matthews & Adler 1977). It is known that rival males can dislodge the copulatory plug
by performing three or four intromissions (Adler & Zoloth 1970; Lucio et al. 1994)
thus promoting sperm competition.

Copulatory competition among males shapes sexual behavior strategies. For
example, house mice ejaculate prematurely in the presence of visual, auditory and
olfactory cues of rivals (Preston & Stockley 2006). Male rats shorten their ejaculation
latency and decrease the number of intromissions when copulating in a two males-one
female situation compared with a one male-one female condition (Dewsbury &
Hartung 1980).

On the other hand, sexual competition not only influences copulatory behavior
but also the ejaculate expenditure. Indeed, the sperm competition theory indicates that
males have developed strategies to allocate the ejaculate depending upon the number
of competitors to reduce the probability of wasting reproductive resources (Parker
1970; Parker et al. 1996; Dixson & Anderson 2004). Accordingly, male meadow voles
increase the sperm investment when they mate in the presence of another male’s odors
(del Barco-Trillo & Ferkin 2004). Male rats during a competition context (a male
accompanied by a rival that observed the copulation behind a screen, preventing
physical contact) ejaculated significantly more sperm than when copulating alone
with the female (Pound & Gage 2004).

Sperm competition not only influence the number of ejaculated spermatozoa.
Recent studies have suggested that the seminal plasma components are also mod-
ified by competition (Ramm et al. 2015) leading to altered copulatory plugs. This is
important in the case of rats because the seminal plug facilitates the transcervical
sperm transport (Matthews & Adler 1978; Tlachi-Lépez et al. 2011; Sutter et al.
2016).

It has been proposed that copulatory plugs increase or at least maintain their
size during a competitive context (Simmons 2001). In fact, in the house mouse, the
copulatory plug maintain the size in response to the sensory cues of rival males during
mating (Ramm & Stockley 2007).

All these data suggest that mating under competition conditions affects copu-
latory behavior and the seminal and plug characteristics; however, no study has
systematically analyzed these changes. Thus, the aim of this study was to analyze
the copulatory behavior, sperm count and physical features of the seminal plug
under competing (two males-one female) and non-competing (one male-one female)
mating.
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METHODS
Animals

Wistar rats were used. Males were housed individually in acrylic cages (37 x 27 x 15 cm)
from postnatal day 60 to the last day of the experiments. Ovariectomized females were housed in
groups of 4-5 per cage (47 x 32 x 20 cm). All animals were maintained in temperature (20 + 2 °C)
and humidity (40%) controlled rooms under reversed light/dark cycles (12/12 hr, lights off 08:00).
Rats were fed with commercial pellets (Purina Chow, Mexico) and water ad libitum.

Sexual behavior training tests

Sexually mature naive male rats were tested during six copulatory encounters to acquire
sexual experience. Each copulatory test took place 3 to 4 days apart. Copulatory encounters were
conducted under dim red light during the second third of the dark phase using acrylic mating
arenas (diameter = 60 cm, height = 60 cm). The floor (wood shavings) of the mating arena was
changed before each copulatory encounter. Males were habituated for 5 min; after, an ovariecto-
mized estrous female was introduced into the mating arena. Estrous was induced by subcuta-
neously administering estradiol benzoate (10 pg in olive oil; Sigma-Aldrich, St Louis, MO, USA)
followed by progesterone (2 mg dissolved in olive oil; Sigma-Aldrich) 48 and 4 hr, respectively,
before each test (Zipse et al. 2000; Lucio & Tlachi-Lépez 2008; Lucio et al. 2014).

Only males that displayed the ejaculatory pattern in at least the last four copulatory
training tests were classified as sexually experienced. Male rats that did not fulfilled this criterion
were disregarded. Once males were identified as sexually experienced, they were evaluated under
either copulatory context.

Non-competitive and competitive matings

Sexually experienced male rats were randomly selected to participate in non-competitive
or competitive matings. To guarantee that the behavioral differences depended on sexual com-
petition -and not on behavioral variability- we selected males that behaved similarly before
copulating under the two different mating contexts. Thus, male rats included in the non-
competitive mating- and the competitive mating-groups showed similar values in their copulatory
and seminal parameters in the last sexual training test (Table 1).

In the non-competitive context, one male and one sexually receptive female were used. In
the competitive mating, two sexually experienced males were exposed simultaneously to a single
receptive female. Under this context, the male that ejaculated first was the winner competitor,
and that did not ejaculate was the loser competitor. The copulatory and seminal parameters were
registered under non-competitive mating (n = 14), and competitive mating (n = 22 plus other 22
males classified as loser competitors).

Copulatory parameters

The copulatory parameters registered were mount latency (time in sec from the introduc-
tion of the female to the first mount), intromission latency (time in sec from the introduction of
the female to the first intromission), ejaculation latency (time in sec from the first intromission to
ejaculation), number of mounts, and number of intromissions. In addition, the inter-intromission
interval was calculated by dividing the ejaculation latency/number of intromissions (Larsson
1956).
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Table 1.

Copulatory and seminal parameters of males during the last test of sexual training.

Last test of sexual

Last test of sexual training of males
training of males used used in competitive
in non-competitive mating
Parameters mating (n = 14) (n = 44) P value
Copulatory
Mount latency (sec) 9.5 (5-44) 7 (5-9) 0.26
Intromission latency (sec) 14.5 (6-36) 13 (9-16) 0.86
Ejaculation latency (sec) 400 (245-668) 467 (252-756.5) 0.47
Number of mounts 6.5 (4-12) 9 (6-15) 0.06
Number of intromissions 10.5 (9-16) 11 (8.5-13) 0.49
Inter-intromission interval (sec) 28.08 (23-42.93) 42.9 (31-60.79) 0.12
Seminal
Sperm count (10°) 52 (30-60) 54 (37.5-98.5) 0.17
Seminal plug weight (mm) 104 (90-125) 96.3-114.2) 0.77
Seminal plug length (mm) 9.9 (9.5-11) 10.05 (10.05-11.35) 0.08
Seminal plug width (mm) 5.2 (5-6) 5.4 (5.2-6) 0.56

Data are expressed as median (q1-q3).

During competitive mating, the copulatory parameters of both males were registered.
However, only the data of the male that performed the ejaculation pattern were considered for
the statistical analyses.

Semen obtained from the uterine horns and sperm count

Once the behavioral ejaculation pattern was observed, the female was left in the mating
arena during 5 min to avoid interrupting the transcervical sperm transport (Matthews & Adler
1977, 1978). Subsequently, the female was anesthetized with sodium pentobarbital (26 mg/kg via
intraperitoneal; Pfizer, Mexico) and its uterine horns were exposed through an abdominal inci-
sion. The tied uterus proximally and distally was excised from the abdominal cavity. Afterwards,
the uterine horns were immersed in a Petri dish filled with physiological saline at 37 °C. Fat and
external blood vessels were peeled off carefully. The uterine horns were removed from the Petri’s
dish and the excess fluids adsorbed with a filter paper. Lastly, an incision was made at the
proximal end of each horn and the content of both uterine horns (semen) was squeezed off,
collected into a micro-centrifuge tube, and immediately placed in a thermo-bath at 37 °C (Lucio
& Tlachi-Lépez 2008; Lucio et al. 2013).

To evaluate sperm count, a 10 pL sample of seminal fluid was placed onto a microscope
glass slide (25 x 75 mm) that was coverslipped (22 x 22 mm). In this sample, the number of
spermatozoa was quantified in three random fields to determine the sperm density. Depending
on the mean obtained from the three random fields the semen dilution was calculated as follows:
1:100 (semen:diluent) corresponds a mean range of 10-60 spermatozoa; 1:200 to 61-120 sperma-
tozoa; 1:300 to 121-200 spermatozoa, and 1:400 > 200 spermatozoa. Ten pL of diluted semen was
pipetted into a Neubauer hemocytometer. The number of spermatozoa in five squares of the
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Neubauer’s chamber was counted in both grids using a 20 x microscope objective; the values
obtained in both grids were averaged and multiplied by 10°. Then sperm number is expressed in
millions per mL (Lucio & Tlachi-Lépez 2008; Lucio et al. 2013).

Copulatory plug obtained from the vagina and its measurements

Once the fluid content of the uterine horns was obtained females were sacrificed with an
intraperitoneal overdose of sodium pentobarbital. An incision was made from the vaginal orifice
to the pubis and then was cut the cartilaginous joint of the pubic symphysis. Then,
a longitudinal incision was made in the dorsal vaginal wall and the seminal plug was detached
from the vaginal walls and from the cervix using a spatula. Weight, using an analytical scale
(Mettler AE50, USA), and size (length and width) of the fresh seminal plug were determined
using a digital caliper.

Statistical analysis

Because data did not follow a normal distribution, the copulatory and seminal parameters
were compared between non-competitive and competitive matings using the Mann-Whitney
U test. Data were expressed as median and first quartile-third quartile [median (q1-q3)]. Data
were analyzed using a confidence level of 95% (P < 0.05).

Statistical measurements were performed using Sigma Plot version 11.0 software for
Windows Vista.

RESULTS

The ejaculation latency and the inter-intromission interval were shortened under
the competitive mating compared to non-competitive (P = 0.002, P = 0.028, respec-
tively, Mann Whitney U test; Fig. 1). The number of intromissions was smaller under
competitive mating than under non-competitive mating (P = 0.04, Mann Whitney
U test; Fig. 1).

Mount and intromission latencies did not change during competitive mating [26 (11—
48)] sec, and [27.5 (18-75)] sec, respectively vs non-competitive mating [18 (6-129)] sec,
and [32 (11-104)] sec, respectively, P = 0.77 and P = 0.84, Mann-Whitney U test. The number
of mounts were similar between males copulating in competitive [4 (2-8)] and non-
competitive contexts [7 (3-10)], P = 0.13, Mann-Whitney U test.

It is worth mentioning that under competitive mating, 73% of males did not ejaculate
(loser males), but performed mounts and intromissions; the remaining 27% did not show
masculine sexual behavior. This indicates that the presence and sexual activity of the
competitor male influences the copulatory behavior of the male that ejaculated.

The sperm count increased in those males that copulated in the competition context
(Fig. 2), while the seminal plug weight was similar between non-competitive and compe-
titive matings (Fig. 2). The width and length of the seminal plug did not change during
competitive mating [5.45 (5.2-6)] mm, and [10.8 (10.4-11.4)] mm, respectively as com-
pared with the non-competitive mating [5.20 (5-6)] mm, and [9.95 (9.5-11)] mm, respec-
tively, P = 0.42 and P = 0.057, respectively, Mann-Whitney U test.
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Fig. 1. — Copulatory parameters. Male rats ejaculated with shorter ejaculation latencies and had
a reduced number of intromissions and inter-intromission intervals during competitive mating.

DISCUSSION

The presence of a rival during mating shortened the ejaculation latency. This
result agrees with that obtained in the wild house mouse using sensory cues of rivals
(Preston & Stockley 2006). In addition, our results are in concordance with findings in
laboratory rats using male rivals. Thus, Long Evans and F344 rats had shortened
ejaculation latencies when exposed to male competition (two-males and one-female;
Dewsbury & Hartung 1980). Therefore, the potential rival and the physical competi-
tion reduced the ejaculation latency possibly because both conditions represent social
stressors that may produce changes in the sexual behavior, specifically by reducing the
ejaculation latency and the number of intromissions (Fernandez-Guasti et al. 1990,
1991). Possibly, during competitive mating, males may experience anxiety-like beha-
viors that result in shorter ejaculation latencies due to the reduction in the inter-
intromission interval and the number of intromissions. Interestingly, against these
findings, a recent study has reported that copulatory behavior in a multiple male
condition (three-males and one-female) was unmodified compared to copulation in
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Fig. 2. — Seminal parameters. Male rats showed an increased sperm count, but their seminal plug
weight was unaffected by competitive mating.
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a single mating condition (one-male and one-female; Chu & Agmo 2019). This finding,
together with present results, suggests that copulatory behavior is modified according
to the number of competitors. In support, it is known that competition between two
males increases the sperm number, while when the number of rivals increases to more
than two the sperm expenditure reduces (Parker et al. 1996). Thus, it is possible that
male sexual behavior, as sperm expenditure, vary according to the number of
competitors.

In line with previous data (del Barco-Trillo & Ferkin 2004; Pound & Gage 2004), the
present results indicated that the sperm output was increased in the competitive mating
condition respect to non-competitive matings. However, in those studies there was no
physical contact between males. Therefore, the present work is the first to demonstrate
the prediction of the sperm competition theory during physical contact between males.
These findings permit to generalize that the presence of a rival or the simple exposition to
its sensory cues increase the sperm number as predicted by the sperm competition theory.
The increment in the sperm number in response to the competitive context can be due to
changes in the contractility of the vas deferens (Baker & Bellis 1994). Contractions of the
distal portion of the duct are essential for sperm delivery (Batra 1974; Guha et al. 1975;
Hib et al. 1982). Social stressors modulate the secretion of endogenous opioids that can
interact with p-receptors of the vas deferens; thus, it has been suggested that male
competition in the deer mouse affects the circulating levels of endogenous opioids then
controlling the contractility of the vas deferens allowing sperm delivery under polyan-
drous mating conditions (Pound 1999). On these bases, it is possible that competitive
mating for male rats modifies the vas deferens contractility by p-receptors, promoting the
insemination of more sperm. In addition, it has been proposed an enhanced contraction
of the epididymal cauda to mobilize more sperm during competition in the meadow vole
(del Barco-Trillo & Ferkin 2004, 2007). Finally, in the present study, the copulatory plug
size and weight were unaffected by competition, indicating that in male rats there is a lack
of adjustment in the amount of seminal plasma dedicated to plug formation as occurs in
the house mice (Ramm & Stockley 2007).

In conclusion, competitive mating in rats produces a shortening in the ejacu-
lation latency, an increase in the sperm count and a lack of effect in the amount of
seminal plasma involved in the copulatory plug formation. Our results suggest that
competitive sexual encounters provoke mild anxiety-like responses resulting in
a premature ejaculation, and a larger number of expelled spermatozoa. Thus, com-
petition in male rats fulfill the prediction of the sperm competition theory.
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Abstract

Analgesia may be modulated by multiple internal and external factors. In prior studies, copulatory-induced analgesia was
demonstrated using the vocalization threshold to tail shock (VTTS) in male and female rats. Three ejaculatory
endophenotypes have been characterized in male Wistar rats based upon their ejaculation latency (EL). Since intromissions
and ejaculations produce analgesia, and these copulatory patterns are performed with different frequency depending on the
male’s ejaculatory endophenotype, we hypothesized that copulation-induced analgesia would vary in relation to these
endophenotypes. In the present study, we used three groups according to the EL (medians): rapid ejaculators (236 s; n =21),
intermediate ejaculators (663.2s; n =20) and sluggish ejaculators (1582.2s; n=38). Our aim was to evaluate whether
copulation-induced analgesia is related to the ejaculatory endophenotypes during two consecutive ejaculatory series (EJS). In
the first EJS, the VTTS of the rapid ejaculators was significantly higher than that of intermediate and sluggish rats. At the
onset of the second EJS, the VTTS of the rapid and intermediate ejaculators was significantly higher than that of the sluggish
rats. No differences in VITS were observed during the first or second post-ejaculatory intervals among the three groups.
These findings provide evidence that the more intromissions that occurred per unit time, the higher was the level of
analgesia.

Introduction

Analgesia may be defined as the attenuation of pain
response to nociceptive stimuli [1]. In male rats, analgesia is
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produced by copulation [2-6]. Intromissions result in a
higher level of analgesia than that provided by mounts, i.e.,
five intromissions produce twice the degree of analgesia as
5 mounts [4], and ejaculation produces triple of analgesia
than 5 mounts, persisting during the post-ejaculatory inter-
val [4]. Intromissions represent a higher intensity of sexual
stimulation than mounts [7].

Electrical stimulation of flanks [2] or tail [4] produced an
audible squeak in response to the tail shock that was atte-
nuated by copulation (one or five intromissions or ejacula-
tion) [4]. Other measures, e.g., an increase in latency to
paw-licking during hot-plate exposure immediately after
ejaculation, have been used as indicators of analgesia; this
effect was not maintained during the postejaculatory inter-
val (PEI) [3]. Another measure of analgesia in rats that has
been utilized is the vocalization threshold to tail shock
(VTTS), i.e., an elevation in the intensity of electrical cur-
rent that will elicit an audible vocalization. VTTS increased
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during copulation and after ejaculation [4]. VTTS increased
further during a second ejaculatory series [4].

Male rats can be characterized as rapid, intermediate, and
sluggish ejaculators depending on the number of mounts,
ejaculation latency, and number of ejaculations per unit
time [8, 9]. Also, they differ in the number of intromissions
and in the intromission ratio [10]. “Rapid” ejaculators were
found in 10% of rats (4 or 5 ejaculations/30 min), “slug-
gish” ejaculators were found in another 10% (0 or 1 eja-
culation/30 min), and “intermediate” ejaculators comprised
80% of rats (2 or 3 ejaculations/30 min) [8, 9]. Since
intromissions and ejaculations produce analgesia [4], and
these copulatory patterns are performed with different fre-
quency among ejaculatory endophenotypes [8, 9], we
hypothesized that males will have different levels of
analgesia depending on their pattern of copulatory activity.

Materials and methods
Animals

Wistar rats (3—4 months of age; 300-350 g body weight)
obtained from the Centro Tlaxcala de Biologia de la Con-
ducta vivarium were used. Males (n=75) and females
(naive as to sexual behavior experience) were maintained in
laboratory conditions in a room with a reversed light—dark
cycle (12:12), and controlled temperature (23 +2 °C), with
food (Purina Chow) and water freely available. Rats were
housed two or three per acrylic cage in the vivarium. The
cage contained sawdust as bedding. Estrous behavior was
induced in ovariectomized rats by subcutaneous adminis-
tration of estradiol benzoate (10pug in olive oil; Sigma-
Aldrich, St. Louis, MO, USA) followed by progesterone (2
mg dissolved in olive oil; Sigma-Aldrich) at 48 and 4 h,
respectively, before each copulatory test [11, 12]. All pro-
cedures described in this study were in accordance with the
Mexican Official Norm on Laboratory Animals’ Care
(NOM-062-700-1999). National Institutes of Health Guide
for the Care and Use of Laboratory Animals and Improving
Bioscience Research Reporting: The ARRIVE Guidelines
for Reporting Animal Research [13].

Identification of ejaculatory endophenotypes in rats

To identify the ejaculatory endophenotype in rats, all males
were trained during seven copulatory tests performed every
3-4 days in a randomized protocol in which the observer
was blind as to the conditions. The experimental unit for
these experiments was each rat. Sexual behavior was
observed during the dark phase, under dim red-light illu-
mination. The males were placed in a circular Plexiglas
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mating arena (50 cm diameter and 50 cm height) with wood
shavings covering the floor for 5 min to habituate. Imme-
diately afterward, a sexually receptive female was intro-
duced into the mating arena.

The copulatory observation was terminated at 15 min if
the male did not show copulatory patterns or only mounting
behavior, or at 30 min after the first intromission if no
ejaculation, or at the time of ejaculation. Conventional
copulatory parameters registered were as follows: mount,
intromission, and ejaculation latencies (ML, IL, EL;
expressed in seconds); the number of mounts and intro-
missions (NM, NI); and the post-ejaculatory interval (PEI,
expressed in seconds.) The inter-intromission interval was
calculated as follows: EL/NI, also expressed in seconds.

Only those males that ejaculated maintaining a consistent
ejaculation latency were selected according to their ejacu-
latory phenotype (49 of 75 subjects). The values of the
ejaculation latency, that we obtained and expressed as
[median (first quartile-third quartile)] was similar to pre-
vious reported values expressed as means + standard error.
Thus, ejaculation latency was [236 (217.2-300.4)s] for
rapid, [663.2 (583.6-906.9) s] for intermediate, and [1582.2
(1351.2-2116.79) s] for sluggish ejaculators. The average
ejaculation latency was 247 + 45 s for rapid, 717 + 133 s for
intermediate, and 1697 + 80 s for the sluggish ejaculators, in
accordance with the values previously described in other
reports [8, 9].

Nociception testing

The VTTS was determined in freely-moving rats as
described elsewhere, divided into the three groups
selected according to the copulatory endophenotype [4].
Two stainless steel electrodes were attached to the tail
through an adjustable cylindrical plastic cuff that was
then taped onto the tail. Conductive gel was applied to the
skin of the tail before attaching electrodes. The electrodes
were connected and prevented from tangling by the use of
a commutator. This procedure did not noticeably hinder
the movement of the rats. Electrical shocks (50 ms trains
of 60 Hz symmetrical biphasic square waves; pulse
duration =4 ms) were delivered with a constant current
shock generator (Nuclear-Chicago, Des Plaines, IL,
USA). The current was increased stepwise in 100 pA
units until vocalization was elicited (upper shock level)
and then decreased until vocalization ceased (lower shock
level). This procedure was repeated three times, shocks
being delivered once every 10s. The three upper shock
levels were averaged to provide an estimate of the
vocalization threshold. There were no shocks above
2000 pA. VTTS tests took from 1-3 min to perform,
depending on the threshold of the subjects [4, 5].
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Experimental procedure

VTTS was evaluated during two ejaculatory series (EJSI,
EJS2, after the first intromission of each series), and in their
respective PEIl, PEI2. Subjects of each endophenotype:
rapid (n=21), intermediate (n =20) or sluggish (n=38),
were introduced randomly into the mating arena and pre-
copulatory baseline VTTS values were determined. Three
min later an estrous female was introduced and VTTS was
measured as soon as subjects demonstrated the first intro-
mission, and immediately after ejaculation, i.e., during the
PEIL One week later, in order to assess the effect of repeated
testing, the same males were evaluated in the VTTS without
the female present. The data obtained were expressed as
percent change with respect to baseline VITS. In addition,
we recorded the conventional copulatory parameters.

Statistical analysis

The comparison of the VTTS during EJS1 among rapid,
intermediate, and sluggish ejaculators was analyzed using the
Kruskall Wallis ANOVA followed by the Mann—Whitney U
test. The same procedure was used to compare the EJS2,
PEI1, and PEI2. The comparison of the VITS among EJS1,
EJS2, PEIl, and PEI2 of each copulatory endophenotype
was analyzed using the Friedman test followed by the
Bonferroni test.

The comparison of the copulatory parameters during
EJS1 among rapid, intermediate and sluggish ejaculators
was analyzed using the Kruskall Wallis test followed by the
Mann—Whitney U test. The same procedure was used to
compare the EJS2, PEIl, and PEI2. Data were analyzed
using a confidence level of 95% (P <0.05). Statistical ana-
lysis was performed using SPSS software for Windows 10.

Results

The comparison of VITS among rapid, intermediate, and
sluggish ejaculators during EJS1 is shown in Fig. la. The
same comparisons were performed in EJS2 (Fig. 1a), PEII,
and PEI2 (Fig. 1b). During EJS1 the VTTS of rapid was
significantly higher than that of the intermediate and slug-
gish ejaculators. During EJS2, the VTTS of rapid was sig-
nificantly higher than that of sluggish ejaculators.
Intermediate ejaculators showed significantly higher VITS
than the sluggish ejaculators. The VTTS among endophe-
notypes during PEIl, PE12 did not differ significantly.
Statistical comparisons of VITS during EJS1, EJS2, PEII,
and PEI2 are shown in Table 1.

Figure 2 shows the comparison of VITS among EJSI,
EJS2, PEIl, and PEI2 of rapid ejaculators. The same
comparison was performed in intermediate and sluggish

EJS2

b) PEM PEI2
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Fig. 1 Vocalization threshold to tail shock (VTTS) among rapid,
intermediate, and sluggish ejaculators. a In both ejaculatory series
(EJS1, EJS2) rapid ejaculators showed higher VTTS than intermediate
and sluggish ones. b In both postejaculatory intervals (PEI1, PEI2) no
differences were observed. Data are expressed as median and first
quartile-third quartile. Kruskall Wallis followed by the Mann—Whitney
test; *P <0.05.

Table 1 Vocalization threshold to tail shock (VTTS) of rapid,
intermediate and sluggish ejaculators.

VTTS VTTS of VTTS of Kruskal-
of rapid intermediate sluggish Wallis
(n=21) (n=120) (n=23)

EJS1 443+ 30.4>+ 9.9b+& H=13.7
(38.2-62.6)  (19.6-37.4) (=17 P=0.001

to —24.7)

PEIl 24.1% 17.2% 757 (-11.8 H=45
(14.4-29.5)  (6.3-26.9) to —23.0) P=0.101

EJS2 50%F 39.9%+ 27.20& H=179
(38.9-64.4)  (25.9-49) (3.8-372)  P=0.019

PEI2 22.2% 24.8%+ 1047 (—179 H=59
(17.3-39.4)  (14.8-39) to —20.1) P=0.052

Friedman F=315 F=120.2 F=10.8
P=0.001 P=0.001 P=0.013

Data are expressed as median (first quartile-third quartile). Different
super index letters indicate that the group values differ significantly
among copulatory endophenotypes (see rows; Kruskal-Wallis), P <
0.05. Different super index symbols indicate that the group values
differ significantly among the endophenotypes (see columns; Fried-
man), P<0.05.

EJSI First ejaculatory series. EJS2 Second ejaculatory series, PEI]
First postejaculatory interval, PEI2 Second postejaculatory interval.

ejaculators. In rapid ejaculators, VITS was significantly
higher in EJS1 than PEI1 and PEI2. VTTS was significantly
higher in EJS2 than PEI1 and PEI2. In intermediate ejacu-
lators, VITS during EJS1 was significantly higher than in
PEIl, and VTTS EJS2 was significantly higher than in

SPRINGER NATURE
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Fig. 2 Vocalization threshold to tail shock (VITS) in each endo-
phenotype throughout two ejaculatory series (EJS1, EJS2) and
two postejaculatory intervals (PEIl, PEI2). Rapid ejaculators
showed higher VTTS in EJS1 and EJS2 compared to both PEL

Fig. 3 Copulatory parameters a) EJS1
of rapid, intermediate, and Number of Intromissions
sluggish ejaculators in two
ejaculatory series. Note that the 60+
number of intromissions, the *
inter-intromission interval and 404 x
the ejaculation latency show
more significant differences
among copulatory 20+
endophenotypes in the first (a) '_‘I‘_|
than in the second ejaculatory =T -
series (b). Data are expressed as 0 T T T
median and first quartile-third
quartile. Kruskall Wallis b) EJS2
followed by the Mann—Whitney 60-
test; *P <0.05.
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PEIl. In the sluggish ejaculators, VITS during EJS2 was
significantly higher than PEIl and PEI2.

The copulatory parameters are shown in Fig. 3. During
EJS1, the rapid ejaculators showed a significantly lower NI
than the sluggish ejaculators. The NI of intermediate eja-
culators was lower than the sluggish ejaculators (Fig. 3a).
The III was significantly shorter in rapid ejaculators than
sluggish ejaculators. Also, the IIT of rapid ejaculators was
significantly shorter than of the intermediate ejaculators.
The III of intermediate ejaculators was significantly shorter
than that of the sluggish ejaculators (Fig. 3a). The EL was
shorter in the rapid than the sluggish ejaculators. The EL of
the rapid ejaculators was significantly shorter than that of
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Intermediate ejaculators showed higher VTTS during both EJS than
the PEI1. Sluggish ejaculators showed higher VTTS during the EJS2
compared to both PEI Data are expressed as median and first quartile-
third quartile. Friedman test followed by Bonferroni test; *P <0.05.
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the intermediate ejaculators. In addition, the EL of the
intermediate ejaculators was significantly shorter than of the
sluggish ejaculators (Fig. 3a).

In Fig. 3b, the EJS2 did not show a significant difference
in NI among the rapid, intermediate and sluggish ejaculators.
However, the III was shorter in the rapid than the sluggish
ejaculators. The intermediate ejaculators also showed a
significantly shorter III than the sluggish ejaculators. The EL
was significantly shorter in the rapid ejaculators than the
sluggish ejaculators. The EL of the intermediate ejaculators
was significantly shorter than of the sluggish ejaculators.
Statistical comparisons of copulatory parameters are sum-
marized in Table 2.
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Table 2 Copulatory parameters of rapid, intermediate and sluggish ejaculators.

Rapid Intermediate Sluggish Kruskal-Wallis
(n=21) (n=20) (n=29)
EJS1
Number of intromissions 8.0* (6.6-9.3) 9.5% (8.3-11.9) 17.5° (9.4-26.4) H=10.3
P =0.006
Inter-intromission interval (s) 23.2% (19.7-35.2) 57.9° (45.5-85.8) 127.9° (80.1-199.9) H=244
P =0.001
Ejaculation latency (s) 201* (155.4-228.4) 599" (484.4-790.3) 1804.5¢ (1513.9-2441.8) H=329
P=0.001
EJS2
Number of intromissions 4 (3.6-4.8) 3 (2.94.6) 5(2.9-8.3) H=26
P=.279
Inter-intromission interval (s) 17.3% (17.2-28.7) 25.4* (21.7-55.5) 47.7° (11.9-162.3) H=10.8
P =0.004
Ejaculation latency (s) 73% (66.6-114.3) 91% (93.8-282.8) 308" (36.8-843.9) H=10.5
P =0.005

Data are expressed as median (first quartile-third quartile). The last three copulatory tests were averaged. Different super index letters indicate

significant group differences, P < 0.05.

EJS1 first ejaculatory series. EJS2 second ejaculatory series.

Discussion

The present results provide evidence that male rats belong-
ing to the different ejaculatory endophenotypes showed
different VTTS values; the rapid ejaculators presented the
highest values. Although the sluggish males shortened their
ejaculation latency in EJS2, it was still longer than that of the
other endophenotypes in EJS2. The VTTS of sluggish eja-
culators was lower than that of the rapid and intermediate
ejaculators. Since the increase in VTTS is interpreted as
indicative of analgesia, then the rapid ejaculators manifested
the highest level of analgesia, presumably due to the most
intromissions per unit time.

A possible ontogenic basis for the differences in
ejaculation latency

Some studies have shown anatomical differences related to
peripheral innervation in men with premature ejaculation,
i.e., an increased number of branches of the dorsal penile
nerve [14, 15], related to higher tactile sensitivity [16, 17].
The surgical transection of some of those nerve branches in
men produced an increase in the ejaculatory latency [15].
Those findings suggest that a greater number of sensory
fibers enable a shorter ejaculation latency, perhaps in rats as
well as humans. Development of myelination of sensory
fibers of the sural nerve was facilitated by maternal licking
in early postnatal life [18]. Thus, it is possible that the
genital licking could stimulate myelination of the dorsal
penile nerve, i.e., the sensory branch of the pudendal nerve.
Deficient maternal licking may lead to sub-optimal myeli-
nation and hence low penile sensitivity in sluggish

ejaculators. A greater level of maternal licking could result
in higher penile sensitivity, which could shorten the eja-
culation latency in rapid ejaculators. Male rats that receive a
relatively low level of genital licking may also develop
lower dendritic density in the motoneurons that innervate
the bulbospongiosus muscle involved in the ejaculatory
motor pattern [19]. Other evidence indicated that genital
licking of the pups by the dam during the early postnatal
period was associated with penile erections in ex copula
conditions; less genital licking resulted in fewer penile
erections [20]. Thus, it is possible that during their early
postnatal period, the rapid ejaculators in the present study
received more genital licking than the other copulatory
endophenotypes males.

Possible neurotransmitter basis for differences in
male copulation-induced analgesia

The degree of copulatory analgesia was correlated with
sexual stimulation on the basis that successive intromissions
led to increased pain thresholds. Genital stimulation during
mounts and intromission increased sexual stimulation, and
also decreased pain perception [4]. Ejaculation resulted in
GABA release [21, 22] briefly inhibiting copulation after
ejaculation [23], also inducing analgesia [24]. Other neu-
rotransmitters (e.g., serotonin and opioids) are involved in
male copulatory behavior [5, 9, 25, 26], and in analgesic
processes [2, 5, 27, 28]. For example, serotonin may
facilitate the display of copulatory behavior, as the admin-
istration of 5-HT-1A receptor agonists (8-OH-DPAT, bus-
pirone and flexinosane) shorten the ejaculation latency [29].
In addition, methysergide, a serotonin antagonist, reduced
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copulatory-induced analgesia [5]. Thus intromissions may
increase serotonin release in male rats, contributing to
copulatory analgesia.

During copulation, opioids are released in relation to
ejaculation, suggesting their participation in copulatory-
induced reward [30]. Morphine administration (non-selec-
tive opioid agonist) reduced the ejaculation latency [25].
This suggests that the reward-inducing effect of opioids
occurs simultaneously with copulatory-induced analgesia
[2, 3, 5]. Rapid ejaculators may have more opioid receptors
and/or greater release of opioids than sluggish ejaculators,
thereby contributing to their shortest ejaculation latency and
highest degree of analgesia [5, 25].

Copulation is a rewarding behavior modulated by the
mesolimbic  dopaminergic system. Endocannabinoids
released by copulation activate the mesolimbic system, the
activation of which releases dopamine [31]. Endocannabi-
noids such as anandamide facilitate sexual behavior in
normal active males, but also in sluggish males by reducing
the ejaculation latency [32]. Endocannabinoids act on CB1
receptors that are present in the spinal cord among other
structures of the central nervous system. The activation of
CB1 receptors facilitates male sexual behavior, and also
participates in analgesia [33].

Sensory activity generated from the genital region during
copulation produces copulatory analgesia [5]. Serotonin is
released into the spinal cord by descending fibers from
raphe neurons [34]. The raphe nucleus produces analgesia
in response to electrical stimulation [35], and its firing rate
increases during sexual arousal associated with the initiation
of copulation [36]. In addition, opiatergic [37] and
GABAergic [38] spinal neurons are activated when nerves
of the pelvic structures are stimulated. Ejaculation-produced
GABA release [21] could inhibit both sexual behavior (i.e.,
resulting in the refractory period), and the pain response.
The balance between these two effects could differ among
the ejaculator endophenotypes. The medial preoptic region
plays a critical role in the control of male sexual behavior
[71; it projects to the periaqueductal gray in the midbrain,
which projects to the paragigantocellular nucleus in the
pons, from which fibers descend to the spinal nuclei that
control ejaculation [39]. As the periaqueductal gray also
modulates sensitivity to pain and is neurochemically het-
erogeneous [40], this heterogeneity could contribute to the
ejaculatory endophenotypes variability.

During copulation, the genital stimulation is transmitted
by the sensory dorsal penile nerve to the sacral spinal cord
[41]. Sensory spinal cord information reaches the oxytoci-
nergic neurons of the paraventricular nucleus of the hypo-
thalamus [42]. Those neurons project directly via descending
fibers to the lumbosacral spinal cord [42] releasing oxytocin
that facilitates penile erection [43—45]. On the other hand,
oxytocin also induces analgesia [46, 47]. Oxytocin mediates
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analgesia produced by copulation in male rats [48]. It is
probable that there is significant oxytocin release in the
spinal cord of the rapid ejaculators.

Intromissions, rather than ejaculation, induce analgesia
mediated by central oxytocin [48]. In the present study
evaluating VTTS during copulation, we found that pain
threshold was increased during intense copulatory behavior,
i.e., in the EJS1 of rapid males and in the EJS2 of rapid and
intermediate males. It is possible that sexual stimulation is
increased quickly in rapid ejaculators due to the shortest
inter-intromission interval in EJS1, possibly due to more
sensory genital nerve branches, and more activated oxyto-
cinergic neurons of the paraventricular nucleus, and con-
sequently more release of oxytocin. During the EJS2, rapid
and intermediate males presented similar VITS. In this
case, perhaps the accumulated sexual stimulation of the
EJS1 facilitated the oxytocin release of more neurons, thus
producing the comparable levels of analgesia among them.

Female rats also show copulation-induced analgesia

The first analgesia studies were performed in female rats
[49], in response to artificial vagino-cervical stimulation. This
stimulus also produced oxytocin release in the spinal cord
[50, 51]. Consistent with this finding, analgesia by natural
vagino-cervical stimulation during mating was reduced by
atosiban, an oxytocin receptor antagonist, indicating that

Intermediate Sluggish

Rapid

a) Il T
o

+ Copulatory analgesia -

o § ¥ I

Neurotransmitter release:
5-HT, opioids, oxytocin, GABA

E'\acu\at'\on \atency

Fig. 4 Hypothetical schema to account for copulatory analgesia.
a Rapid ejaculators showed the shortest III, and the sluggish males the
longest III, indicating more sexual activity by the former. b Rapid
ejaculators presented the highest copulatory analgesia compared to the
sluggish males. ¢ Rapid ejaculators had the highest analgesia and the
shortest ejaculation latency, possibly related to their relatively highest
level of release of 5-HT, opioids, oxytocin, GABA, and/or density of
the corresponding receptors. III inter-intromission interval.
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copulation-induced analgesia is regulated by endogenous
oxytocin also in female rats [52].

Conclusion

Sensory impulses that arise from the internal and external
genital structures during copulation generate analgesia. The
level of analgesia depends on the speed of copulation in
male rats; i.e., the shorter the inter-intromission interval, the
higher the level of analgesia (Fig. 4). This could be due in
part to neurotransmitter release of 5-HT, opioids, oxytocin,
and GABA in the spinal cord [5, 33, 34, 46], and/or due to a
higher density of the corresponding receptors. Future
pharmacological analyses are required to understand the
neurochemical processes related to copulatory analgesia
occurring in male rats with different ejaculatory endophe-
notypes. Evolutionarily, copulatory analgesia of rapid males
could provide an adaptive advantage by reducing aversive
penile sensation, thereby enabling a higher number of eja-
culatory series per unit time.

Acknowledgements We thank the “Posgrado en Ciencias Biol6gicas”
of the Universidad Auténoma de Tlaxcala for the training received
during the Doctorate studies.

Funding This research was partially supported by PROMEP/103.5/09/
1294, and CONACYT |[grant 1134291 (OGF), and fellowships
487025/277841 (CEAP) and 400424 (MRFM)].

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’'s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. Yaksh T. The effects of intrathecal administered opioid and
adrenergic agents of spinal function. In: Yaksh T, editor. Spinal
afferent processing. New York: Plenum Press; 1986. p. 505-39.
https://doi.org/10.1007/978-1-4684-4994-5.

2. Szechtman H, Hershkowitz M, Simantov R. Sexual behavior
decreases pain sensitivity and stimulates endogenous opioids in
male rats. Eur J Pharmacol. 1981;70:279-85. https://doi.org/10.
1016/0014-2999(81)90161-8.

3. Forsberg G, Wiesenfeld-Hallin Z, Eneroth P, Sodersten P. Sexual
behavior induces naloxone-reversible hypoalgesia in male rats.
Neurosci Lett. 1987;81:151—4. https://doi.org/10.1016/0304-3940
(87)90356-9.

4. Gonzélez-Mariscal G, Gémora P, Caba M, Beyer C. Copulatory
analgesia in male rats ensues from arousal, motor activity, and
genital stimulation: blockage by manipulation and restraint.
Physiol Behav. 1992;51:775-81. https://doi.org/10.1016/0031-
9384(92)90115-1.

5. Gonzélez-Mariscal G, G6émora P, Beyer C. Participation of
opiatergic, GABAergic, and serotonergic systems in the expres-
sion of copulatory analgesia in male rats. Pharmacol Biochem
Behav. 1994;49:303—7. https://doi.org/10.1016/0091-3057(94)
90425-1.

6. Saldivar-Gonzdlez A, Ferndndez-Guasti A. Ejaculation induced
changes in escape latency in the hot plate test: pharmacological
analysis of anxiolytic versus analgesic effect. Behav Brain Res.
1994;60:191-8. https://doi.org/10.1016/0166-4328(94)90147-3.

7. Sachs BD, Barfield RJ. Functional analysis of masculine copula-
tory behavior in the rat. In: Rosenblatt JS, Hinde RA, Shaw E,
Beer C, editors. Advances in the Study of Behavior, vol 7. Aca-
demic Press;1976. p. 91-154. https://doi.org/10.1016/S0065-3454
(08)60166-7.

8. Pattij T, Olivier B, Waldinger M. Animal models of ejaculatory
behavior. Curr Pharm Des. 2005;145:10-20. https://doi.org/10.
2174/138161205774913363.

9. Olivier B, Chan JSW, Pattij T, de Jong TR, Oosting RS, Veening
JG, et al. Psychopharmacology of male rat sexual behavior:
modeling human sexual dysfunctions?, Int J Impot Res. 2006:
S$14-S23. https://doi.org/10.1038/sj.ijir.3901330.

10. Borgdorff AJ, Rossler AS, Clément P, Bernabé J, Alexandre L,
Giuliano F. Differences in the spinal command of ejaculation in
rapid ejaculating rats. J Sex Med. 2009;6:2197-205. https://doi.
org/10.1111/§.1743-6109.2009.01308.x.

11. Zipse LR, Brandling-Bennett EM, Clark AS. Paced mating
behavior in the naturally cycling and the hormone-treated female
rat. Physiol Behav. 2000;70:205-9. https://doi.org/10.1016/
S0031-9384(00)00242-0.

12. Lucio RA, Rodriguez-Piedracruz V, Tlachi-Lépez JL, Garcia-
Lorenzana M, Fernandez-Guasti A. Copulation without seminal
expulsion: the consequence of sexual satiation and the Coolidge
effect. Andrology. 2014;2:450-7. https://doi.org/10.1111/j.2047-
2927.2014.00209.x.

13. Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG.
Improving bioscience research reporting: the ARRIVE guidelines
for reporting animal research. PLoS Biol. 2010;8:e1000412
https://doi.org/10.1371/journal.pbio.1000412.

14. Zhang HF, Zhang CY, Li XH, Fu ZZ, Chen ZY. Dorsal penile
nerves and primary premature ejaculation. Chin Med J.
2009;122:3017-9.  https://doi.org/10.3760/cma.].issn.0366-6999.
2009.24.020.

15. Zhang GX, Yu LP, Bai W], Wang XF. Selective resection of dorsal
nerves of penis for premature ejaculation. Int J Androl.
2012;35:873-9. https://doi.org/10.1111/j.1365-2605.2012.01296.x.

16. GuoL, Liu Y, Wang X, Yuan M, Yu Y, Zhang X, et al. Significance
of penile hypersensitivity in premature ejaculation. Sci Rep.
2017;7:10441-6. https://doi.org/10.1038/s41598-017-09155-8.

17. Paick JS, Jeong H, Park MS. Penile sensitivity in men with pre-
mature ejaculation. Int J Impot Res. 1998;10:247-50. https://doi.
org/10.1038/sj.1jir.3900368.

18. Segura B, Melo Al Fleming AS, Mendoza-Garrido ME, Gonzalez
del Pliego M, Aguirre-Benitez EL, et al. Early social isolation
provokes electrophysiological and structural changes in cutaneous
sensory nerves of adult male rats. Dev Neurobiol.
2014;74:1184-93. https://doi.org/10.1002/dneu.22197.

19. Lenz KM, Sengelaub DR. Maternal licking influences dendritic
development of motoneurons in a sexually dimorphic neuromus-
cular system. Brain Res. 2006;1092:87-99. https://doi.org/10.
1016/j.brainres.2006.03.070.

20. Lenz KM, Graham MD, Parada M, Fleming AS, Sengelaub DR,
Monks DA. Tactile stimulation during artificial rearing influences
adult function and morphology in a sexually dimorphic neuro-
muscular system. Dev Neurobiol. 2008;68:542-57. https://doi.
org/10.1002/dneu.20608.

SPRINGER NATURE


https://doi.org/10.1007/978-1-4684-4994-5
https://doi.org/10.1016/0014-2999(81)90161-8
https://doi.org/10.1016/0014-2999(81)90161-8
https://doi.org/10.1016/0304-3940(87)90356-9
https://doi.org/10.1016/0304-3940(87)90356-9
https://doi.org/10.1016/0031-9384(92)90115-I
https://doi.org/10.1016/0031-9384(92)90115-I
https://doi.org/10.1016/0091-3057(94)90425-1
https://doi.org/10.1016/0091-3057(94)90425-1
https://doi.org/10.1016/0166-4328(94)90147-3
https://doi.org/10.1016/S0065-3454(08)60166-7
https://doi.org/10.1016/S0065-3454(08)60166-7
https://doi.org/10.2174/138161205774913363
https://doi.org/10.2174/138161205774913363
https://doi.org/10.1038/sj.ijir.3901330
https://doi.org/10.1111/j.1743-6109.2009.01308.x
https://doi.org/10.1111/j.1743-6109.2009.01308.x
https://doi.org/10.1016/S0031-9384(00)00242-0
https://doi.org/10.1016/S0031-9384(00)00242-0
https://doi.org/10.1111/j.2047-2927.2014.00209.x
https://doi.org/10.1111/j.2047-2927.2014.00209.x
https://doi.org/10.1371/journal.pbio.1000412
https://doi.org/10.3760/cma.j.issn.0366-6999.2009.24.020
https://doi.org/10.3760/cma.j.issn.0366-6999.2009.24.020
https://doi.org/10.1111/j.1365-2605.2012.01296.x
https://doi.org/10.1038/s41598-017-09155-8
https://doi.org/10.1038/sj.ijir.3900368
https://doi.org/10.1038/sj.ijir.3900368
https://doi.org/10.1002/dneu.22197
https://doi.org/10.1016/j.brainres.2006.03.070
https://doi.org/10.1016/j.brainres.2006.03.070
https://doi.org/10.1002/dneu.20608
https://doi.org/10.1002/dneu.20608

C. E. Aguilar-Pérez et al.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Qureshi GA, Sodersten P. Sexual activity alters the concentration of
amino acids in the cerebrospinal fluid of male rats. Neurosci Lett.
1986;70:374-8. https://doi.org/10.1016/0304-3940(86)90582-3.
Hull EM, Bitran D, Pehek EA, Warner RK, Band LC, Holmes
GM. Dopaminergic control of male sex behavior in rats: effects of
an intracerebrally-infused agonist. Brain Res. 1986;370:73-81.
https://doi.org/10.1016/0006-8993(86)91106-6.

Fernandez-Guasti A, Larsson K, Beyer C. GABAergic control of
masculine sexual behavior. Pharmacol Biochem Behav.
1986;24:1065-70. https://doi.org/10.1016/0091-3057(86)90456-9.
Sawynok J. GABAergic mechanisms of analgesia: an update.
Pharmacol Biochem Behav. 1987;26:463-74. https://doi.org/10.
1016/0091-3057(87)90148-1.

Agmo A, Paredes R. Opioids and sexual behavior in the male rat.
Pharmacol Biochem Behav. 1988;30:1021-34. https://doi.org/10.
1016/0091-3057(88)90135-9.

Veening JG, Coolen LM. Neural mechanisms of sexual behavior
in the male rat: emphasis on ejaculation-related circuits. Phar-
macol Biochem Behav. 2014;121:170-83. https://doi.org/10.
1016/j.pbb.2013.12.017.

Basbaum Al, Fields HL. Endogenous pain control mechanisms:
review and hypothesis. Ann Neurol. 1978;4:451-62. https://doi.
org/10.1002/ana.410040511.

Basbaum AI, Bautista DM, Scherrer G, Julius D. Cellular and
molecular mechanisms of pain. Cell. 2009;139:267-84. https://
doi.org/10.1016/j.cell.2009.09.028.

Waldinger MD. The neurobiological approach to premature eja-
culation. J Urol. 2002;168:2359-67. https://doi.org/10.1016/
S0022-5347(05)64146-8.

Agmo A, Berenfeld R. Reinforcing properties of ejaculation in the
male rat: role of opioids and dopamine. Behav Neurosci.
1990;104:177-82. https://doi.org/10.1037/0735-7044.104.1.177.
Lupica CR, Riegel AC. Endocannabinoid release from midbrain
dopamine neurons: a potential substrate for cannabinoid receptor
antagonist treatment of addiction. Neuropharmacology. 2005;48:
1105-16. https://doi.org/10.1016/j.neuropharm.2005.03.016.
Rodriguez-Manzo G, Canseco-Alba A. Anandamide reduces the
ejaculatory threshold of sexually sluggish male rats: possible
relevance for human lifelong delayed ejaculation disorder. J Sex
Med. 2015;12:1128-35. https://doi.org/10.1111/jsm.12866.

Rice ASC, Farquhar-Smith WP, Nagy I. Endocannabinoids and
pain: spinal and peripheral analgesia in inflammation and neuro-
pathy. Prostag Leukotr Ess Fat Acids. 2002;66:243-56. https://
doi.org/10.1054/plef.2001.0362.

Sorkins LS, McAdoo DJ, Willis WD. Raphe magnus stimulation-
induced antinociception in the cat is associated with release of amino
acids as well as serotonin in the lumbar dorsal hom. Brain Res.
1993;618:95-108. https://doi.org/10.1016/0006-8993(93)90433-n.
Hammond DL, Levy RA, Proudfit HK. Hypoalgesia induced by
microinjection of a norepinephrine antagonist in the nucleus raphe
magnus: reversal by intrathecal administration of a serotonin
antagonist. Brain Res. 1980;201:475-9. https://doi.org/10.1016/
0006-8993(80)91056-2.

Jacobs BL Central monoaminergic neurons: single-unit studies in
behaving animals. In: Meltzer HY, editor. Psychopharmacology.
3rd ed. New York: Raven Press; 1987. p. 159-69. https://doi.org/
10.1002/mds.870040114.

Gintzler AR, Peters LC, Komisaruk BR. Attenuation of
pregnancy-induced analgesia by hypogastric neurectomy in rats.

SPRINGER NATURE

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

Brain Res. 1983;277:186-8. https://doi.org/10.1016/0006-8993
(83)90924-1.

Roberts LA, Beyer C, Komisaruk BR. Nociceptive responses to
altered GABAergic activity at the spinal cord. Life Sci.
1986;39:1667-74. https://doi.org/10.1016/0024-3205(86)90164-5.
Mantyh PW, Peschanski M. Spinal projections from the peria-
queductal grey and dorsal raphe in the rat, cat and monkey.
Neuroscience.  1982;7:2769-76. https://doi.org/10.1016/0306-
4522(82)90099-9.

Moss MS, Basbaum Al The peptidergic organization of the cat
periaqueductal grey. II. The distribution of immunoreactive substance
P and vasoactive intestinal polypeptide. J Neurosci. 1983;3:1437—49.
https://doi.org/10.1523/JINEUROSCL03-07-01437.1983.

McKenna KE, Nadelhaft I. The organization of the pudendal
nerve in the male and female rat. J Comp Neurol
1985;248:532—49. https://doi.org/10.1002/cne.902480406.
Swanson LW, Kuypers HGJM. The paraventricular nucleus of the
hypothalamus: cytoarchitectonic subdivisions and organization of
projections to the pituitary, dorsal vagal complex, and spinal cord
as demonstrated by retrograde fluorescence double-labeling
methods. J Comp Neurol. 1980;194:555-70. https://doi.org/10.
1002/cne.901940306.

Argiolas A, Melis MR. The role of oxytocin and the para-
ventricular nucleus in the sexual behaviour of male mammals.
Physiol Behav. 2004;83:309-17. https://doi.org/10.1016/j.
physbeh.2004.08.019.

Véronneau-Longueville F, Rampin O, Freund-Mercier MJ, Tang Y,
Calas A, Marson L, et al. Oxytocinergic innervation of autonomic
nuclei controlling penile erection in the rat. Neuroscience.
1999;395:247-54. https://doi.org/10.1016/S0306-4522(99)00262-6.
Baskerville TA, Allard J, Wayman C, Douglas AJ. Dopamine-
oxytocin interactions in penile erection. Eur J Neurosci.
2009;30:2151-64. https://doi.org/10.1111/j.1460-9568.2009.06999.x.
Rojas-Piloni G, Lopez-Hidalgo M, Martinez-Lorenzana G,
Rodriguez-Jiménez J, Condés-Lara M. GABA-mediated oxytoci-
nergic inhibition in dorsal horn neurons by hypothalamic para-
ventricular nucleus stimulation. Brain Res. 2007;1137:69-77.
https://doi.org/10.1016/j.brainres.2006.12.045.
Gonzilez-Hernandez A, Rojas-Piloni G, Condés-Lara M. Oxyto-
cin and analgesia: future trends. Trends Pharmacol Sci.
2014;35:549-51. https://doi.org/10.1016/.tips.2014.09.004.
Futagami H, Sakuma Y, Kondo Y. Oxytocin mediates copulation-
induced hypoalgesia of male rats. Neurosci Lett. 2016;618:122—6.
https://doi.org/10.1016/j.neulet.2016.03.007.

Komisaruk BR, Larsson K. Suppression of a spinal and a cranial
nerve reflex by vaginal or rectal probing in rats. Brain Res.
1971;35:231-5. https://doi.org/10.1016/0006-8993(71)90608-1.
Sansone GR, Gerdes CA, Steinman JL, Winslow JT, Ottenweller
JE, Komisaruk BR, et al. Vaginocervical stimulation releases
oxytocin within the spinal cord in rats. Neuroendocrinology.
2002;75:306-15. https://doi.org/10.1159/000057340.

Komisaruk BR, Sansone G. Neural pathways mediating vaginal
function: the vagus nerves and spinal cord oxytocin. Scand J Psy-
chol. 2003;44:241-50. https://doi.org/10.1111/1467-9450.00341.
Goémora P, Gonzdlez-Flores O, Galicia-Aguas YL, Hoffman KL,
Komisaruk BR. Copulation-induced antinociception in female rats
is blocked by atosiban, an oxytocin receptor antagonist. Horm
Behav. 2019;107:76-79. https://doi.org/10.1016/J.YHBEH.2018.
12.001.


https://doi.org/10.1016/0304-3940(86)90582-3
https://doi.org/10.1016/0006-8993(86)91106-6
https://doi.org/10.1016/0091-3057(86)90456-9
https://doi.org/10.1016/0091-3057(87)90148-1
https://doi.org/10.1016/0091-3057(87)90148-1
https://doi.org/10.1016/0091-3057(88)90135-9
https://doi.org/10.1016/0091-3057(88)90135-9
https://doi.org/10.1016/j.pbb.2013.12.017
https://doi.org/10.1016/j.pbb.2013.12.017
https://doi.org/10.1002/ana.410040511
https://doi.org/10.1002/ana.410040511
https://doi.org/10.1016/j.cell.2009.09.028
https://doi.org/10.1016/j.cell.2009.09.028
https://doi.org/10.1016/S0022-5347(05)64146-8
https://doi.org/10.1016/S0022-5347(05)64146-8
https://doi.org/10.1037/0735-7044.104.1.177
https://doi.org/10.1016/j.neuropharm.2005.03.016
https://doi.org/10.1111/jsm.12866
https://doi.org/10.1054/plef.2001.0362
https://doi.org/10.1054/plef.2001.0362
https://doi.org/10.1016/0006-8993(93)90433-n
https://doi.org/10.1016/0006-8993(80)91056-2
https://doi.org/10.1016/0006-8993(80)91056-2
https://doi.org/10.1002/mds.870040114
https://doi.org/10.1002/mds.870040114
https://doi.org/10.1016/0006-8993(83)90924-1
https://doi.org/10.1016/0006-8993(83)90924-1
https://doi.org/10.1016/0024-3205(86)90164-5
https://doi.org/10.1016/0306-4522(82)90099-9
https://doi.org/10.1016/0306-4522(82)90099-9
https://doi.org/10.1523/JNEUROSCI.03-07-01437.1983
https://doi.org/10.1002/cne.902480406
https://doi.org/10.1002/cne.901940306
https://doi.org/10.1002/cne.901940306
https://doi.org/10.1016/j.physbeh.2004.08.019
https://doi.org/10.1016/j.physbeh.2004.08.019
https://doi.org/10.1016/S0306-4522(99)00262-6
https://doi.org/10.1111/j.1460-9568.2009.06999.x
https://doi.org/10.1016/j.brainres.2006.12.045
https://doi.org/10.1016/j.tips.2014.09.004
https://doi.org/10.1016/j.neulet.2016.03.007
https://doi.org/10.1016/0006-8993(71)90608-1
https://doi.org/10.1159/000057340
https://doi.org/10.1111/1467-9450.00341
https://doi.org/10.1016/J.YHBEH.2018.12.001
https://doi.org/10.1016/J.YHBEH.2018.12.001
https://www.researchgate.net/publication/347409746

Oakland

UNIVERSITY

Department of Psychology
College of Arts and Sciences
Rochester, M1 48309-4489
(248)-370-2285

April 6, 2021
To whom it may concern:
This is to confirm that the following chapter has formally been accepted for publication:

Lucio, R.A., Fernandez-Guasti, A., Fuentes-Morales, M.R. (in press). Ejaculation latency.
In T.K. Shackelford (Ed.), The Cambridge Handbook of Evolutionary Perspectives on
Sexual Psychology. Cambridge, UK: Cambridge University Press.

| anticipate the book will appear in print in late 2021.

Sincerely,

e

L
Todd K. Shackelford, Ph.D.
Distinguished Professor and Chair
Department of Psychology

Oakland University



Cambridge Handbook of Evolutionary Perspectives on Sexual Psychology

Volume 2

Male sexual adaptations

Part 2

Copulatory adaptations

Chapter 28

Ejaculation latency

Rosa Angélica Lucio®, Alonso Fernandez-Guasti? and Maria Reyna Fuentes-Morales®?

1 Centro Tlaxcala de Biologia de la Conducta, Universidad Autonoma de Tlaxcala.
Carretera Tlaxcala-Puebla km 1.5 s/n, Loma Xicohténcatl, CP 90062, Tlaxcala, Tlax.
Mexico.

2 Departamento de Farmacobiologia. CINVESTAV-Sede Sur, México, D.F., México.

3 Doctorado en ciencias Bioldgicas, Universidad Nacional Auténoma de México, Ciudad

Universitaria, CP 04510, México, D.F., México.

Keywords
Ejaculatory phenotypes, ejaculate, ejaculatory threshold, male sexual function, non-

copulating males.



Abstract

The ejaculation latency is defined as the time from penile intromission to ejaculation. The
chapter does not pretend to exhaustively cover all aspects related to this parameter of
copulatory behavior, but selectively revises anatomical, intrinsic and environmental factors
involved in its regulation, mainly in laboratory rats and men. Except in humans, short
ejaculation latencies denote high sexual performance, most likely because of the high
biological value of ejaculation: reproduction. Ejaculation, however, not only refers to a
characteristic motor copulatory pattern, but also to seminal emission. The first part of the
present chapter revises the anatomical substrate of the male sexual function of ejaculation
that comprises two different phases: emission and expulsion. The neural control of these
two phenomena are described in detail considering its peripheral and central (in the spinal
cord and the brain) components. In the second part of the chapter we revise the copulatory
diversity considering non-copulating and copulating males. Regarding the former, we
expose interesting mechanistic suggestions underlying the former condition: low
aromatization of testosterone to estradiol in the medial preoptic area and probably
decreased endocannabinoid transmission. In a following section we confirm previous ideas
that within a large male population of rats there are males with short, intermediate and long
ejaculation latencies. The distribution we found was more alike to that observed in humans:
a large amount of subjects with short ejaculation latencies. The characteristic patterns of
short, intermediate and long ejaculation latencies may vary according to the training
experience or might be surprisingly fixed. Finally we give an example on how the
ejaculation latency and the sperm count vary depending on the male's behavioral

phenotype, the competition with another male and the female's timing of copulation.



Interestingly, males with short ejaculation latencies were more affected by competition and

by the female's regulation of the timing of mating.
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1. Introduction

Ejaculation is one of the male sexual functions, the other is penile erection. Both sexual
functions are required to the execution of male copulatory behavior. Even though
copulation is different among mammal males, all of them present insertion of the penis into
the vagina before the seminal expulsion. Vaginal penetration i.e., intromission, provokes
the necessary male genital stimulation to reach the ejaculatory threshold (Beach and Jordan
1956).

The understanding of the neuroanatomical substrate, the physiological aspects, the
behavioral approaches and the pharmacological manipulations require experimentation
usually made in animals because in men it has practical and ethical limitations. In fact,
much of the research on male sexual function has been carried out in male rats. Usually,
behavioral studies have been conducted in laboratory conditions, and just a few in natural
or semi-natural circumstances (Larsson 1956, McClintock and Adler 1978, McClintock et

al. 1982, Coopersmith and Erskine 1994, Agmo 1997, Tlachi-Lopez et al. 2012).

1.1 Ejaculation: A male sexual function
The male sexual function of ejaculation comprises two different phases: emission and
expulsion. The genital structures involved in ejaculation are the epididymal-cauda, the vas
deferens, the accessory sexual glands, the urethra, the bladder neck, and the
bulbospongiosus muscle.

Seminal emission, the first phase of ejaculation, is under the control of the
autonomic nervous system. During emission the neck of the urinary bladder closes to
prevent retrograde ejaculation of the seminal fluid, also called semen. The seminal fluid

consists of sperm embedded in seminal plasma (Poani 2006). The sperm comes from the



distal epididymis, and the seminal plasma from the secretions of the accessory sexual
glands (prostate and seminal vesicles in humans (Mitsuya et al. 1976, Newman et al. 1982),
and also from coagulating glands in male rats (Setchell et al. 1994). Sperm and different
secretions of the accessory sexual glands converge in the prostatic urethra during the first
phase of ejaculation.

The second phase of ejaculation i.e., the seminal expulsion is under the control of
the somatic nervous system. The seminal fluid located in the prostatic urethra travels
through the membranous urethra, the penile urethra and is propelled through the urethral
meatus. Rhythmic pelvic and perineal striated muscles contractions are responsible for the
expulsion of seminal fluid. Contractions of the bulbospongiosus perineal muscle play a
primary role in seminal expulsion in men (Gerstenberg et al. 1990) and rats (Holmes et al.
1991).

Ejaculation occurs when the ejaculatory threshold is reached, and it is defined as
the amount of excitation produced by intromission or thrusting to achieve ejaculation. Men
and male rats present ejaculation latencies of approximately five-six minutes. Certainly, in
both species, there are individual differences (Pattij et al. 2005, Waldinger et al. 2005,
Olivier et al. 2006, Aguilar-Pérez et al. on line ahead of print) and the copulatory behavior
is different, men present a single intromission with intravaginal pelvic thrusting, usually
one ejaculation, and occasionally more than one (Whipple et al. 1998), while rats present
multiple intromissions and multiple ejaculations (Dewsbury 1972), with pelvic thrusting
(Morali et al. 1986). Ejaculation latency in men is defined as the intravaginal ejaculation
latency time (IELT) and it includes the time between the start of vaginal intromission to
intravaginal ejaculation (Waldinger et al. 1994). Ejaculation latency in male rats is the time

elapsed between the first intromission until ejaculation (Larsson 1956).



2. Neuroanatomical substrates of ejaculation
The genital organs involved in ejaculation are densely innervated by the autonomic nervous
system, through sympathetic and parasympathetic fibers, that converge in the pelvic plexus.
The pelvic plexus consists of a major pelvic ganglia and other three to five minor ganglia.
In humans the pelvic plexus is located retroperitoneally on either side of the rectum, lateral
and posterior to the seminal vesicles (Schlegel and Walsh 1987). In male rats the pelvic
plexus is attached to the prostatic lateral lobes (Purinton et al. 1973, Dail et al. 1975, de
Groat and Steers 1988, Dail et al. 1989, Keast et al. 1989, Bertrand and Keast 2010). The
pelvic plexus receives neuronal input from the hypogastric and pelvic nerves in addition to
the caudal paravertebral sympathetic chain in men (Keast 1995) and rats (Dail et al. 1989).
The sympathetic neurons of the hypogastric nerves are important for ejaculation,
particularly for seminal emission in men and male rats. Thus, the electrical stimulation of
the superior hypogastric plexus induces seminal emission in paraplegic men (Brindley et al.
1989). In male rats, the bilateral transection of the hypogastric nerves avoid seminal
emission without interfering with the ejaculatory behavior (defined as the behavioral motor
pattern characteristic of ejaculation that may be or not accompanied by semen expulsion).
The absence of seminal plugs in the vagina of the females that mated with these males
confirmed the lack of seminal expulsion (Loranca 1993). Administration of guanethidine
monosulfate, that decreases the noradrenergic transmission, prevented seminal emission by
impeding seminal expulsion from the urethral meatus (Holmes and Sachs 1991). The
absence of semen in the prostatic urethra did not affect the contraction of the

bulbospongiosus muscle in copulating male rats (Holmes and Sachs 1991).



The exact trigger for seminal expulsion is unknown. It has been proposed that a
spinal center is stimulated during emission of seminal fluid into the prostatic urethra
(McKenna et al. 1991). However, men can still have rhythmic contractions during orgasm
despite of the ‘dry ejaculation’ characteristic of prostatectomy (Bergman et al. 1979).
Likewise, male rats can display behavioral ejaculation, without seminal expulsion, when
they are sexually satiated during the Coolidge effect. The lack of seminal fluid was
confirmed in the uterine horns of the mated females (Tlachi-Lopez et al. 2012). Although
sexually satiated males are unable to expel semen, they preserve penile erection and vaginal
insertion capacity that result in the dislodgement of the plug deposited by other males
(Lucio et al. 2014, Lucio et al. 2017). Thus, clinical cases in men and experimental
approaches in male rats indicate that seminal fluid in the prostatic urethra is not required to

trigger the second phase of ejaculation.

2.1 Peripheral nerves and spinal cord segments related to ejaculation
The external (penis and scrotum) and internal genital structures (vas deferens, urethra,
accessory sexual glands), the surrounding skin (scrotal, preputial, inguinal, perineal), and
the perineal musculature are innervated by four spinal nerves: pudendal, pelvic, hypogastric
and genitofemoral (Greene 1959, Schroder 1980, Hulsebosch and Coggeshall 1982, Taylor
et al. 1982, see diagrams in: McKenna and Nadelhaft 1986, Nufiez et al. 1986, Manzo et al.
1989, Pascual et al. 1992, see diagrams in: Pacheco et al. 1997, see diagrams in:
Zempoalteca et al. 2002, Xu et al. 2006).

In different male mammals, the afferent sensory innervation of the prostate,
urethra and vas deferens reach the lumbosacral segments, via the pudendal nerve

(Pennefather et al. 2000, Kaleczyc et al. 2002). Other pelvic organs innervated by the



afferent fibers of the hypogastric nerve runs through the paravertebral sympathetic chain to
enter the spinal cord through the low thoracic (T12) and upper lumbar dorsal roots (Li-Lo;
Baron and Janig 1991). The inguinal skin and the cremaster muscle reach the upper lumbar
spinal segments (L1-L2), via the genitofemoral nerve (see diagrams in: Zempoalteca et al.
2002).

The efferent autonomic innervation of reproductive organs, particularly the
sympathetic preganglionic neurons, are located in the intermediolateral column of the
thoracolumbar spinal segments (Nadelhaft and McKenna 1987). Their fibers emerge from
the spinal cord via the ventral roots and reach the paravertebral sympathetic chain.
However, in most male mammals, the sympathetic fibers proceed from the prevertebral
ganglia (splachnic or coeliac superior mesenteric) constituting the hypogastric nerve that
terminate in the ipsilateral pelvic plexus. This plexus also receives fibers from the pelvic
nerve whose somas are located in the sacral parasympathetic nucleus of the spinal cord.
From each pelvic plexus, especially from the major pelvic ganglia, arise fibers innervating
reproductive structures involved in ejaculation (Nadelhaft and Booth 1984). The efferent
somatic innervation of the perineal musculature (bulbospongiosus and ischiocavernosus
muscles) receives fibers from the motoneurons of the Onuf’s nucleus, or bulbospongiosus
nucleus, located in the lumbosacral spinal cord, in men and male rats respectively, via the

pudendal nerve (Schroder 1985, see diagrams in: Pacheco et al. 1997).

2.1.1 Spinal generator for ejaculation
Seminal expulsion takes place as a response to copulatory behavior or masturbation due to
genital stimulation in men. In addition, male rats (and other species) can expel semen

spontaneously due to endogenous activity, apparently without sensory genital stimulation



(Orbach 1961). However, the spontaneous ejaculation is reduced if copulation had
occurred, and it is not affected after transecting the thoracic spinal cord (Orbach et al.
1967). Both findings suggested the existence of a pattern generator for ejaculation referred
as spinal generator for ejaculation composed by highly interconnected neurons (Truitt and
Coolen 2002, Coolen et al. 2004). In many men with spinal cord injury, ejaculation is
obtained by applying vibratory stimulation to the penis suggesting, as in male rats, neural
commands for ejaculation in the spinal cord (Beckerman et al. 1993).

In male rats, the lumbo-spinothalamic (LSt) neurons are regarded as the
fundamental component of the spinal generator for ejaculation (see diagram in: Truitt and
Coolen 2002, Borgdorff et al. 2008). The soma of the LSt neurons are located in laminae
VIl and X of the lumbar segments, specifically at Ls-L4, and send outputs to the
parvocellular subparafascicular neurons of the thalamus that contributes to the integration
of genitosensory information (see diagrams in: Ju et al. 1987). Besides, LSt neurons project
to spinal preganglionic autonomic (sympathetic and parasympathetic) that innervate the
reproductive organs involved in ejaculation. Also, LSt neurons project to spinal somatic
nuclei that innervate the bulbospongiosus muscle (Xu et al. 2006). Stimulation of the spinal
generator for ejaculation elicits not only the ejaculation response but also seminal expulsion
with motile spermatozoa (Borgdorff et al. 2008).

The spinal generator for ejaculation is present since very early postnatal life. In fact,
in two-day-old rats application of an ejaculation-like releasing stimulus produces
bulbospongiosus electromiographic activity. This activity is similar to that registered in
adult male rats. Therefore, it is expected that the spinal generator for ejaculation has an

innate rhythmic motor pattern (Carro-Juarez and Rodriguez-Manzo 2005).



2.2 Supraspinal areas related to ejaculation

Groups of discrete regions of neurons in the brain stem and brain constitute the supraspinal
areas involved in ejaculation. They are the bed nucleus of stria terminalis (BNST), the
subparafascicular nucleus of the thalamus (SPF), the posterodorsal preoptic nucleus
(PNpd), and the posterodorsalmedial amygdala (MeApd). Reciprocal connections between
them and the medial preoptic area (MPOA) have been evidenced (Coolen et al. 1998, Hebb
and Yahr 2001). In addition, the MPOA projects to other neural regions such as the
paraventricular thalamic nucleus (PVN), the periacueductal grey (PAG) in the midbrain,
and the paragigantocelular nucleus (nPGi) in the medulla oblonga. Nonetheless, MPOA do
not present direct connections with neurons of the spinal generator for ejaculation (Rizvi et
al. 1992, Simerly and Swanson 1988, Murphy et al. 1999).

The supraspinal PVN projects to pudendal motor neurons and autonomic
preganglionic neurons in the lumbosacral spinal cord (Luiten et al. 1985, McKenna and
Nadelhaft 1986). It also projects to nPGi in the brainstem (Bancila et al. 1999). The other
supraspinal structure, the SPF send projections to BNST, MeApd, MPOA, and receives
input from LSt neurons (Canteras et al. 1995, Coolen et al. 2003). The nPGi nucleus plays
an inhibitory role in ejaculation (Marson and McKenna 1990). The PAG acts as a relay
between MPOA and nPGi (Marson 2004). These midbrain structures, nPGi and PAG, have

a significant role in ejaculation (Giuliano and Clement 2005).

3. Copulatory diversity
Copulation is an innate behavior that begins at puberty. In male rats, the first mounts occurs
between 40-50 postnatal days, the first intromissions between 44-75 days, and the first

ejaculations between 48-75 days (Hull et al. 2006). At 120 days of age, most males display

10



the complete copulatory behavior, i.e., mounts and intromissions that culminate in
ejaculation, named as ejaculatory series (Larsson 1956). Gonadal hormones shape brain
areas and circuits important for copulatory behavior and allow the display of copulatory
patterns in response to adequate stimuli (Le Moéne and Agmo 2019). When the first sexual
encounter occurs the vast majority of mature sexually naive male rats display copulatory
motor patterns associated with the respective genital responses. The motor pattern of
intromission is accompanied by penile erection and intravaginal intromission, and that of
ejaculation by seminal expulsion (Hull et al. 2006). However, some male rats fail to mate
when exposed to an estrous female (Canseco-Alba and Rodriguez-Manzo 2013, Antonio-

Cabrera and Paredes 2014).

3.1 Non-copulating males

Non-copulating males constitute a model to study the factors that modulate motivational
sex drive and hence copulatory behavior. Approximately 1-20% of non-copulating rats are
present in different strains (Whalen et al. 1961, Lisk 1969, Portillo et al. 2010, Canseco-
Alba and Rodriguez-Manzo 2013). Not only male rats are unresponsive to sexual receptive
females, also mice (Portillo et al. 2013), guinea-pigs (Harding et al. 1976), gerbils (Clark
and Galef 2000), rams (Alexander et al. 1999), and humans (Bogaert 2006, Chasin 2011,
van Houdenhove et al. 2014).

Non-copulating male rats are less active in exploration activities, less responsive to
novel stimuli and take longer to habituate to novelty (Pottier and Baran 1973). These males
show preference for estrous females, although reduced compared to that of copulating
males (Portillo and Paredes 2004). It has been shown that the processing of pheromonal

signals by the main olfactory system is not altered in non-copulating males (Portillo and
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Paredes 2004). Surprisingly, neither penile reflexes nor spontaneous seminal emission are
absent in these males, in fact, they are similar to those shown by copulating animals
(Stefanick and Davidson 1987). The lack of copulatory behavior is not due to plasma
testosterone concentrations (non-copulating males vs copulating males: 2.6+0.2 ng/ml and
2.920.4 ng/ml, respectively; Portillo et al. 2006a).

Conversion of testosterone to estradiol, by aromatization, in specific brain areas is
required for the expression of male copulatory behavior. The highest activity of cytochrome
P540 aromatase occurs in the medial preoptic nuclei (MPN), anterior hypothalamus (AH),
ventromedial hypothalamic nuclei (VMN), bed nucleus of the stria terminalis (BNST), as
well as in the medial amygdala (MeA; Roselli et al. 1985). The aromatase activity is
drastically reduced in the MPOA of non-copulating males, while other brain areas (AH,
VMN, BNST, MeA) show a similar aromatase activity (Portillo et al. 2006a).

Castration reduces and also eliminates the display of copulatory behavior but
testosterone replacement reestablishes this behavior. The combined treatment of estradiol
plus dihydrotestosterone restores copulatory behavior in castrated males to similar levels to
those displayed by intact sexually experienced males (Cooke et al. 2003). The presence and
the integrity of estrogen- and androgen-receptors are crucial in different brain structures
involved in processing chemosensory cues and control the expression of sexual behavior. A
lower concentration of estrogen-receptors accompanied by a higher amount of androgen
receptors has been evidenced in the MPOA of non-copulating rats (Portillo et al. 2006D).
MPOA is crucial for the expression of masculine copulatory behavior in all species
(Mesisel and Sachs 1994, Coolen et al. 1998, Paredes 2003) and it modulates both the
appetitive (motivational) and consummatory (mount, intromission and ejaculation) aspects

of this behavior (Meisel and Sachs 1994).
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A series of experiments confirmed that a hormonal alteration in the MPOA underlay
the incapacity of some males to copulate. Thus, non-copulating males mated after being
implanted in the MPOA with testosterone or estradiol. The effect of either hormone was
maintained for a long time, suggesting a permanent change in brain functioning of non-
copulating males (Antonio-Cabrera and Paredes 2014). It should be remembered that some
manipulations interfere with genital responses, i.e., penile erection and seminal expulsion.
Interestingly, these males mated, after being implanted with testosterone or estradiol in the
MPOA, with a female in natural oestrus and got litters of more than 10 pups (Antonio-
Cabrera and Paredes 2014).

Not only gonadal hormones stimulate mating in non-copulating male rats, also
pharmacological treatments with naloxone and the endocannabinoid, anandamide
(Canseco-Alba and Rodriguez-Manzo 2013). Unlike gonadal hormones, anandamide
induced copulation until ejaculation only in half of the non-copulating males; however, the
effect of a single administration was maintained for 14 days (Canseco-Alba and Rodriguez-
Manzo 2013), suggesting that the inhibition removal was permanent after the stimulation of
the endocannabinoid system. Remarkably, anandamide also reduced the ejaculatory
threshold of sexually sluggish male rats, a finding that may have relevance for human

delayed ejaculation (Rodriguez-Manzo and Canseco-Alba 2015).

3.2 Copulating males
Copulating male rats represent the majority of the population. When a male is in the
presence of a female, he pursuits her, and investigates her anogenital region which exposes

him to chemosensory cues that may arouse him. Both partners emit ultrasonic vocalizations
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which are mutually arousing (Meisel and Sachs 1994). As the male gains experience, he
spends less time on pre-copulatory activities, immediately beginning the display of
stereotyped copulatory motor patterns (see below). The male executes patterns of mounts
intercalated with patterns of intromissions and finally the pattern of ejaculation (described
elsewhere, Larsson 1956, Lucio and Tlachi-Lopez 2008). These copulatory motor patterns
are recorded and analyzed using the copulatory parameters: a) Mount latency, time in
seconds from the introduction of the female until the first mount. b) Intromission latency,
the time in seconds from the introduction of the female until the first intromission. c)
Number of mounts with pelvic thrusting. d) Number of intromissions with pelvic thrusting
and penile insertion into the vagina. e) Ejaculation latency, time in seconds from the first
intromission until ejaculation. In addition, the intromission ratio (number of
intromissions/number of intromissions+number of mounts), as well as the inter-
intromission interval (ejaculation latency/number of intromissions) are calculated (Larsson
1956, Lucio y Tlachi-Ldopez 2008). Short latencies to mount and intromit are interpreted as
a high motivation to mate. Both from the biological and psychological perspectives,
ejaculation is the climax of the male sexual behavior. In the rat and other species, but not in
men, short ejaculation latencies reflect an intense copulatory behavior, particularly its
consummatory phase, although intermingled with motivational components. Similarly,
short inter-intromission intervals also indicate high intensity copulatory behavior (Le
Mdoene and Agmo 2019). Then, the values of the copulatory parameters may all affect the

ejaculatory behavior.
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4. Rapid, intermediate and sluggish ejaculators

Different ejaculation latencies were observed in Sprague-Dawley male rats (Larsson 1961).
In recent years, it was found that within a large population of Wistar strain rats (n=246),
exists rapid and sluggish ejaculators. Each group represents approximately 10% of the
population at the left and right end of a Gaussian curve (Olivier et al. 2006). The remaining
80% are the rats that correspond to normal (in statistical terms) ejaculators. The rapid males
executed 4-5 ejaculations, the sluggish ones displayed 0-1 ejaculations, and the normal ones
had 2-3 ejaculations during 30 minutes. The ejaculation latency of rapid rats was the
shortest compared to that of the normal and sluggish males (247+45, 717+133, and
1697+80 seconds, respectively; Olivier et al. 2006). Another copulatory parameter that
differed between groups was the number of mounts (rapid, normal and sluggish males:
8.2+1.8, 23+4.0 and 42+ 4.0, respectively; Olivier et al. 2006). The variations in the
copulatory parameters in rats resemble clinical symptoms of premature and retarded
ejaculator men (Olivier et al. 2006). Indeed, it was suggested that the differences in
mounting behavior are due to variations in penile sensitivity as occurs in men with
premature ejaculation. In addition, the sexual motivation was similar in all male rats since
there were no differences in the mount latency (Olivier et al. 2006). Therefore, in male rats
there are ejaculatory phenotypes: rapid, normal and sluggish ejaculators, even more,
authors consider them as endophenotypes since they are very stable. Those phenotypes
distributed in a Gaussian curve representing the ejaculating frequencies in male rats could
be used as a model for human premature and delayed or (an)-ejaculation (Olivier et al.
2006). Furthermore, a hypothetical distribution of intravaginal ejaculation latency time in

humans also shows a Gaussian distribution. The left side correspond to men with early
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ejaculation, and on the right, those men with retarded or even no-ejaculation (Olivier et al.
2006).

Our group also found ejaculatory phenotypes in rats according to their ejaculation
latency. However, the distribution was not Gaussian, instead skewed to the left. The
minimum ejaculatory latency was 64 seconds, and the maximum was 1700 seconds. There
was a continuum, although most males (53%) presented short ejaculation latencies (101-
200 and 201-300 seconds) corresponding to rapid ejaculators (Fig. 1). Olivier et al. (2006)
reported 247+45 seconds to rapid males. In our rat population, there were fewer
intermediate ejaculators, and even less sluggish ejaculators (Fig. 1).

--- Insert Fig. 1 about here ---
Fig. 1 Histogram of the distribution of ejaculatory latencies of Wistar male rats (N=102).
Data represent the last test of copulatory training regardless of the number of tests
displayed by each male (from 6 to 11 tests). Rats ejaculate from 64 to 1700 seconds. A
skewed distribution is observed to the left where most animals ejaculate from 100 to 300

seconds, i.e., corresponding to rapid ejaculators.

In men, the IELT distribution is also not Gaussian as hypothesized by Olivier et al.
2006. Two studies with men of five different countries showed a continuous distribution of
IELT that was positively skewed, with a median IELT of 5.4 minutes, ranging from 33
seconds to 44 minutes (Waldinger 2005), and 6 minutes, ranging from 10 seconds to 52
minutes (Waldinger et al. 2009). In addition, epidemiological studies indicate that
premature ejaculation is the most common sexual dysfunction, with a prevalence rate

between 25 and 40% worldwide across all age groups (Lauman et al. 2005). Such large
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range of prevalence rates of PE exists because of the lack of a standard definition, methods
of participant’s recruitment, data collection, etc.
Thus, it seems that men with premature ejaculation represent a large percentage of

population, just as we find in the rat population.

4.1 Stables and unstable ejaculatory latencies

Copulation is an innate behavior, thus it is common that mature sexually rats display
copulatory behavior when a male and an estrous female have an encounter. In our
population of 102 male rats, we found that most of them showed the ejaculation pattern
from the first time they were exposed to a female. There were others that ejaculate in the
second, third, fourth or even in the fifth copulatory tests. However, once a male ejaculates,
he continues showing this behavior in subsequent tests.

Most copulatory behavioral studies indicate that male rats are sexually experienced
without mentioning the criterion used to produce such experience. In our laboratory we
selected those males that displayed the ejaculatory pattern in at least four consecutive
copulatory tests. Because the duration of the ejaculation latencies is variable among
individuals and within the same subject, and not all males ejaculate in the first sessions,
sometimes we allow them to copulate more than 8 tests. In spite of this, some males show a
large variation in their ejaculation latencies, although they have been submitted to many
training tests. Then it is possible to find experienced rats being unstable males, i.e., with a
very variable ejaculation latency along the tests (Fig. 2A). Interestingly, by average of the
ejaculation latency of these males along the different tests corresponds to those of

intermediate ejaculators.
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On the other hand, some rats show very stable ejaculation latencies from the first
copulatory test (Fig. 2B). Interestingly, it seem that most of these males correspond to rapid
ejaculators. In addition, other males ejaculate in the first test with long ejaculation latencies,
and around the third test their ejaculation latency duration is reduced and maintained stable
in following trials (Fig. 2C). Finally, there are male rats ejaculating from the second, third
or fourth copulatory test that maintain the duration of their ejaculation latency in
subsequent tests, thus they are also categorized as stable. These males could be rapid or
intermediate ejaculators. In our rat population, 45 out of 102 males, i.e., 44% are unstable
ejaculators, while 57 out of 102 males, i.e., 56% are stable ejaculators. As aforementioned,
the great majority of stable rats are rapid ejaculators.

Then, at least in laboratory conditions, male rats show the rapid and intermediate
ejaculatory phenotypes in a stable manner. It is necessary to consider a more large
population to identify the sluggish phenotypes. Interestingly, sexual experience has been
demonstrated to change the effect of various pharmacological treatments (Ferri et al. 2013)
implying permanent dynamic brain changes, most likely associated with memory processes.

--- Insert Fig. 2 about here ---
Fig. 2 Unstable and stable ejaculators during copulatory training tests of Wistar rats
(N=102). The duration of the ejaculation latency is variable in training of 6 tests or more
than 6 tests, corresponding to unstable ejaculator male rats (A). In the stable ejaculator
males, the ejaculation latency is shown from the first test and is maintained along the

training (B) or starts to stay stable from the third test onwards (C).
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5. Ejaculatory threshold depends on copulatory conditions

Ejaculation in rats is preceded by the execution of intromissions (penetrating contacts of
less than 0.5 seconds duration) separated from each other by periods of copulatory
inactivity (lasting typically 20-60 seconds; Bermant et al. 1969). Successive intromissions
build up an excitatory state ending in the ejaculatory response (penetrating contact longer
than 1 second, Bermant et al. 1969). Each intromission contributes to increase sexual
excitation to trigger ejaculation (Larsson 1959). Ejaculation occurs when the ejaculatory
threshold is reached, and it is defined in male rats as the amount of stimulation, i.e., number
of intromissions that precede ejaculation, and the time required to achieve ejaculation
(Rodriguez-Manzo and Canseco-Alba 2015).

Since midst of the last century it was shown that forcing the intervals between
successive intromissions shortens or lengthens the ejaculatory latency (Larsson 1959,
Bermant 1969). Forced intervals of 2-3 minutes shorten the ejaculation latency, while those
of around 7 minutes prevent ejaculation despite the execution of 30 intromissions.
However, not only the interintromission interval is important but the duration of each
intromission. Low frequencies are associated with long durations. Thus, intromission
duration might indicate the amount of excitation resulted by each intromission (Bermant et
al. 1969).

To date the questions about the short and long ejaculation latencies continue. As
mentioned above, in pioneering studies, the intromission frequency and the duration of
intromission was considered. More recently, the penis sensitivity is also considered in the
duration of ejaculation latency. Men with premature ejaculation present more ramifications
of the dorsal penile nerve, the sensory branch of the pudendal nerve. An increased number

of branches is related with higher tactile sensitivity. In fact, the surgical transection of some
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ramifications of the penile dorsal nerve in men result in an increased ejaculatory latency

(Zhang et al. 2012).

5.1 Changes in the ejaculatory threshold and in sperm count: Male competition and
female pacing

Sperm competition is common in invertebrates and vertebrates. It occurs when the sperm
from two or more rivals compete to fertilize the ova of the same female in the same estrous
cycle (Parker 1970). Sperm competition is recognized as a major force acting on
reproductive anatomy, reproductive physiology and reproductive behavior (Birkhead and
Moller 1998). In mammals with sperm competition, males tend to initiate copulation in less
time and copulate faster (Gomendio et al. 1998). In this condition, the duration of
copulation is shortened. The winner male during mating competition obtain reproductive
advantage, the male can mate with more females, having more possibilities to greater
offspring (Hogg 1988, Birkhead and Moller 1998).

Few studies in laboratory rats consider a real confrontation between males and
evaluate copulatory behavior. In the Long Evans strain, male competition decreased the
intromission latency, the number of intromissions and the ejaculation latency (Dewsbury
and Hartung 1980). The post-ejaculatory interval also decreased due to the presence of a
rival (Estep 1988). Copulation is a dynamic interaction depending on both sexes. In semi-
natural conditions it has been evidenced that female rats paced mating (McClintock et al.
1982). Under this condition, the males lengthen the ejaculation latency (Erskine et al. 1985)
and the interintromission interval (Gilman et al. 1979, Erskine 1989). In laboratory
conditions, female's paced copulation reduced the number of intromissions (Paredes and

Vazquez 1999). Studies about male competition and the consequences on the ejaculate have
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been done in invertebrates, inspired by the sperm competition theory (Parker 1998).
However, just a few are reported in vertebrates, particularly in meadow voles (del Barco-
Trillo and Ferkin 2004), bank vole (Lemaitre et al. 2011) and laboratory rats (Pound and
Gage 2004). It is worth mentioning that in the latter, there was no confrontation because a
plastic screen separated the two males, while one of them was copulating. Every 30 min the
seminal plug was checked in the vagina of the mated female and after, the number of
expelled sperm was counted. However, in that period more than one ejaculatory series
could have occurred, thus, the sperm count probably did not correspond to a single
ejaculation. We demonstrated that in a real confrontation between experienced male rats
three copulatory parameters are diminished: the ejaculation latency, the number of
intromissions and the interintromission interval. Surprisingly, the sperm count was
increased (Fuentes-Morales et al. 2020).

Recently, our group considered the ejaculatory phenotypes to analyze copulation in
three different conditions: 1) non-competition (one male and one female in the copulatory-
arena), 2) competition (two males and one female in the copulatory-arena), and 3)
competition+pacing (two males and one female in the copulatory-arena adjacent to a
neutral-arena). In this last condition, the bottom of each arena has a hole big enough only
for the female to move feely from one arena to the other. In this manner, the female
regulates (paced) mating; she searches for the male to mate or escapes him avoiding
copulation. Results related to ejaculation latency are shown in Fig. 3A, and those of sperm
count are presented in Fig. 3B. We found that the ejaculation latency decreased
significantly during competition compared to non-competition, considering all males
regardless of their phenotype and also in rapid ejaculators, but not in the males that had

intermediate ejaculation latencies (Fig. 3A: left, center and right, respectively).
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Interestingly, when mating is under male competition and simultaneously is paced by the
female, no differences in the ejaculation latency was found. During competition, the sperm
count increased significantly considering all males and rapid ejaculators, but not with the
intermediate ones (Fig. 3B: left, center and right, respectively). When mating is under
competition and paced by the female no differences in sperm count was found.

--- Insert Fig. 3 about here ---
Fig. 3 Ejaculation latency (top) and sperm count (bottom) of male rats in different
copulatory conditions. (A) Ejaculation latency decrease significantly only during
competition compared to non-competition in ejaculator males (without considering
ejaculatory phenotype), and rapid ejaculators. (B) Sperm count increase significantly only
in competition compared to non-competition in ejaculator males and rapid ejaculators.
Competition + pacing did not showed differences compared to non-competition neither in
the ejaculation latency nor in sperm count. Data are expressed as median and quartiles. U-
Mann-Whitney was used to compare non-competition vs competition, and non-competition

vs competition + pacing, using a confidence level of 95% (p<0.05).

These results confirm that the ejaculation latency may change due to the copulation
context. However, such changes seem to depend on the male phenotype, the competition

and the female's pacing of copulation.

6. Conclusions
The ejaculation latency can be seen as a complex behavioral parameter that is influenced by
the following factors: the phenotype of the male, i.e., if the subject has a constitutive short,

intermediate or long latency to reach ejaculation. The biological bases of such characteristic
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could be in the neural control of ejaculation that encompasses the sensory pathways
transmitting information from the genitals to the spinal cord, the integration of this
information at least at two different sites: in the spinal cord and in the brain and in the
motor effector system that includes a series of successful and coordinated events that
permit the coupling of the behavioral features with seminal emission and expulsion. In
addition, in the ejaculation latency there are intermingled consummatory (executory) and
motivational aspects of copulation that may be modified by external factors as experience,
the timing between intromissions, the competition with other males and the paced
regulation of mating imposed by the female. For sure, there are other external modulators

of this parameter that await further studies.
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