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ABSTRACT 

In mammals, the regulatory mechanisin exerted by the lumbrosacrococcigea of the 
spinal corrí on pelvic function are still largely unknown. This is due not only tu the 
anatomical complexity of the various muscles and viscera, but also tu the fine and intricate 
neural net which innervates thern. 

It was the aim of tris thesis tu analyse and describe in mammals the interaction of the 
wu-iotts muscles and nerves of the pelvic arca which contribute tu the reflexes underlying the 
expression of reproductive function, retention and expulsion, and chemical communication. 
The results are divided into six studies rcpresenting an integrative approach in which pelvic 
processes are considered from an anatomical, physiological and behavioral point of view. 

The first study analysis the effect of genital stimulation on spinal rellexes in spinal 
cats under various hormonal conditions. The second study demonstrates how in spinal cats 
the neural apparatus of the striated muscles is capable of differentially activating the muscles. 
In the third study the efferent innervation by the pelvic and pudenda! nerves is characterized 
in feinale rats. The fourth study, also in feinale rats, describes various muscular reflexes 
produced by genital stimulation, the nerves involved, and the visceral and postural effects 
induced by diese reflexes, lo the fifth study the role of the branches of the pelvic nerve in 
inediating copulatoty behavior in the mole rat is investigated. The final study describe the 
anatomical position of the striated muscles of the pelvic aren in relation to the reproductive 
tract in the female rabbit. 

Together, the results provide vatuable information, from an anatomical and 
functional point of view, permitting a more integrated understandiiug of the diverse functions 
associatecl with the pelvic aren in manunals. 



RESUMEN 

Los mecanismos (le la regulación que ejerce la médula espinal lumbosaerocnccígea sobre las 
funciones del área pélvica en mamíferos aún se desconocen en una gran parte. Ello se debe 
probablemente no solo a la complejidad anatómica de las diferentes vísceras y músculos, 
sino también a la fina e intrincada red neural que hierva tales estructuras. 

La presente tesis tuvo por objeto el análisis y descripción en mamíferos de las interacciones 
de diversos músculos y nervios del área pélvica que forman parte de reflejos que permiten la 
expresión de funciones reproductivas, de expulsión-contención y de comunicación química. 
Los resultados se presentan divididos en seis trabajos que representan un enfoque 
integrativo en los que los procesos pélvicos son considerados desde un punto de vista 
anatómico, fisiológico y conductual. 

El primer trabajo analizó los efectos de la estimulación genital sobre los reflejos espinales de 
gatas espinalizadas bajo varias condiciones hormonales. En el segundo trabajo se demostró 
en gatos espinalizados que el aparato neural de la musculatura estriada pélvica es capaz de 
activar diferencialmente a los músculos, En el tercer trabajo se caracterizó en ratas hembras 
la inervación eferente (le los nervios pélvico y pudendo. En el cuarto trabajo se describieron 
también en rata hembra, varios reflejos musculares producidos por estimulación genital, los 
nervios que participan y los efectos viscerales y posturales inducidos por dichos reflejos. En 
el quinto trabajo se investigó el papel de las ramas del nervio pélvico en la mediación de la 
conducta copulatoria de la rata macho. En el último trabajo se describió en coneja la 
disposición anatómica de los músculos estriados del área pélvica en relación al tracto 
reproductivo. 

Los resultados en su conjunto aportan infonuación valiosa desde el punto (le vista 
anatómico y funcional que permite un entendimiento más integral de las diversas funciones 
que tienen como sustrato el área pélvica de los mamíferos. 



INTRODUCC ION 

A nivel fisiológico, la conducta sexual en mamíferos representa la interacción entre 

redes neuronales y endocrinas del macho y la hembra. Durante el cortejo, la emisión de señales 

odoríferas provenientes del área genital, puede ser determinante para arribar a la cópula. Ya en 

el apareamiento, diversas partes del cuerpo se deben acoplar con precisión: algunas de estas 

áreas están localizadas en su sistema urogenital o, de manera más general, en el área pélvica. 

En la región pélvica de los mamíferos se observa una gran complejidad anatómica y 

funcional. Esta complejidad se acrecienta en primates por su posición erecta, lo cual promovió 

una serie de cambios en la disposición de sus vísceras y en su musculatura pélvica (Wilson, 

1973b). 

Las vísceras pélvicas y los músculos que las rodean forman una unidad funcional de 

considerable complejidad, cuya eficiencia depende de muchos factures. De éstos, quizá el más 

importante sea la extensa y rica inervación de esta región, que le permite una gran sensibilidad 

y una actividad incesante. 

La actividad refleja desencadenada en el área pélvica de la hembra por la estimulación 

genital, es solo una parte de las respuestas producidas por el apareamiento. 

La lordosis involucra elevación de la cabeza, dorsiflexión de la espalda (depresión del 

tórax, elevación de la cadera y de la base de la cola), desviación lateral de la cola y extensión 

bilateral de las patas posteriores (Pfaff y Lewis, 1974). Varios músculos posturales dan cuenta 

del mantenimiento de la extensión de las patas. Uno de ellos es el músculo gastrocnemio. 

En mi laboratorio se hizo un estudio en gatas espinalizadas sobre los efectos que 

producía la estimulación genital sobre la actividad refleja de la médula espinal espinal lumbre• 

(primer trabajo de esta tesis; Pacheco y col., 1976). La estrategia utilizada fue estimular 

eléctricamente los nervios sural y gastrocnemio (cutáneo y muscular, respectivamente) y 

registrar la actividad eléctrica (le las raíces ventrales L7 y S I antes, durante y después de la 

estimulación genital (golpeteo de la piel perivulvar y presión ligera en el tracto vaginal). Se 

encontró que la estimulación del nervio sural produjo a nivel de raíz ventral, una respuesta con 
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dos componentes polisinápticos, y que la estimulación del músculo gastrocnemio producía la 

respuesta con un componente monosináptico seguida de un componente polisiiiúptico. La 

estimulación táctil del ósea cutánea perivulvar o la de la nuca, inhibió la respuesta polisináptica 

del sural y del gastrocnemio y facilitó la respuesta monosináptica por la estimulación del 

gastrocnemio. La estimulación vaginal y cervical provocó que en la mayoría de los casos, el 

reflejo monosináptico se deprimiera y además que se inhibiera la respuesta polisináptica por la 

estimulación del gastrocnemio. Se observó aumento de la respuesta monosináptica por la 

estimulación del gastrocnemio cuando se suspendió la estimulación cervical. En experimentos 

adicionales se observó que la sección bilateral de los nervios pudendos, aunque disminuyó, no 

bloqueó completamente los efectos obtenidos por el golpeteo de la piel genital. Los efectos 

obtenidos fueron independientes de la condición endócrina de los animales. 

Estos hallazgos resultaron ser una excepción a la regla Sherringtoniana, esto es, se 

encontró la facilitación de motoneuronas de un músculo extensor por la estimulación de un 

nervio cutáneo; también se observó que la misma estimulación cutánea causaba inhibición de la 

actividad polisináptica producida por estimulación del nervio sural, en lugar del incremento 

previsto. El primer dato apoyó la idea de una facilitación de la actividad muscular extensora 

durante la lordosis por la estimulación vaginocervical (Komisaruk y Diakow, 1973), y el 

segundo grupo de datos dio apoyo a la proposición de que la estimulación vagino-cervical 

provoca analgesia (Komisaruk y Larsson, 1971). 

Las vísceras del área pélvica incluyen a estructuras como la vagina, el cérvix y el útero, 

que participan en las funciones sexuales, y a estructuras de expulsión y de contención como el 

recto y la vejiga. Las analogías entre todas ellas son su función de reservorios, la presencia de 

(nulos y curvaturas, los arreglos para la sujeción y apoyo entre ellas, y los dispositivos de 

sellado que facilitan sus continencias (Wilson, 1973a). 

La sujeción y apoyo de las vísceras pélvicas es realizado por la compleja organización 

de músculos y fascias. [Ululan, en su análisis sobre la evolución del piso pélvico en primates 

destaca que "la característica sobresaliente es su pérdida de desando muscular, y que puede 
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resistir el esfuerzo continuo sin gasto de energía, pero no puede proporcionar poder o ntor" 

(citado por Wilson, 1973b). 

Los músculos del piso pélvico desarrollan uniones y funciones específicas. Sus acciones 

sobre el movimiento de la cola en algunas especies, son secundarias a las (le la verdadera 

musculatura caudal que se desarrolla independientemente (Wilson, 1973b). 

Los arreglos musculares son fundamentales a la cooperación entre las vísceras y sus 

alrededores. Así mismo lo es el que los segmentos espinales lumbares y sacros, que enervan las 

vísceras pélvicas, también inerven a los músculos circundantes y a la piel supraadyacente. 

Como resultado, se han desarrollado circuitos neurules de retroalimentación (le gran sutileza; 

ellos controlan las funciones con mucha precisión y ofrecen un reto al entendimiento humano. 

En el hombre se reconoce la importancia de los músculos del diafragma pélvico para la 

ejecución precisa de las funciones de contención, expulsión y reproductivas (p. ej. Kegel, 1952; 

Poner, 1962; Wilson, 1973b; Wendell-Smith y Wilson, 1977; Gillan y Brindley, 1979; Graber, 

1982; Koelbl y col., 1989; Dubrovsky y Filipini, 1990), pero aún queda mucho por conocer 

sobre su fisiología. 

Una noción que prevalecía en la literatura, era que los músculos del piso pélvico se 

comportan como una masa unitaria (Poner, 1962; Wendell-Smith y Wilson, 1977; Dickinson, 

1978). Esta proposición era justificada pues en el hombre no se distinguen claramente los 

límites musculares, pero era difícil de aceptar si consideramos que estos músculos, además (le 

su función secundaria como sostén para las vísceras pélvicas, participan en funciones tales 

como la continencia, la defecación y la micción, y también contribuyen a que las funciones 

reproductivas y sexuales se manifiesten, todo lo cual parece indicar un ajuste neural muy fino y 

preciso que no encaja con una visión de actividad contráctil "en masa". 

En nuestro laboratorio se analizó esta proposición experimentaln)ente (segando 

trabajo de esta tesis; Dubrovsky y Pacheco, 1980; Dubrovsky y Pacheco, 1981; Dubrovsky y 

col., 1985). En gatos con sección espinal alta, registramos actividad electromiográfica (E MG) 
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de los músculos esfínter externo del ano, alxluctor cauda interno, levatur ani y sacrocaudal 

dorsal lateral. El segundo y tercer músculo forman el diafragma pélvico que cierra la cavidad 

pélvica del gato (Crouch, 1969). La estimulación eléctrica de las raíces ventrales S2 produjo 

contracción del esfínter externo del ano y del sacrocaudal dorsal lateral. La estimulación 

eléctrica de las raíces ventrales S3 y Co 1, produjo respuestas en el levatur ani y el abductor 

eluda interno. Así se demostró una clara separación de las poblaciones de nx)toneuronas que 

hiervan los diferentes músculos del piso pélvico. Estos músculos del piso pélvico pueden ser 

activados reflejamente, de manera individual o como una masa unitaria dependiendo de la 

intensidad del estímulo. La estimulación táctil o eléctrica de las regiones pudendas, de cualquier 

lado del cuerpo, produce respuestas en el esfínter externo del ano. En cambio, la activación del 

levator ani y del abductor encía interno pudo ser lateralizada: la estimulación eléctrica o táctil 

de las superficies dorsolaterales de la base de la cola produjo respuestas ipsilaterales de estos 

músculos. La sección unilateral del nervio pudendo no alteró el nivel de actividad tónica (2-

4/seg) del esfínter externo del ano. Sin embargo, la sección bilateral del nervio pudendo si 

acabó con su actividad tónica y con la responsividad fásica de este músculo, pero no afectó la 

actividad del levator ani ni la del abductor cauda interno. La estimulación del nervio pudendo 

produjo solamente actividad refleja polisináptica en las raíces ventrales S2. 

Nuestros hallazgos de que el esfínter externo del ano responde a la estimulación de 

cualquier lado del cuerpo, está de acuerdo con los resultados de otros autores (Bishop, 1959; 

Gunterberg y col., 1976; Jolesz y col.,1982; Wunderlich y Swash, 1983), quienes también 

confirmaron las observaciones de Sherrington en 1892 de la superposición en la distribución de 

fibras motoras de los nervios pudendos derecho e izquierdo. Los hallazgos de que la actividad 

de los músculos compresores de la cloaca (diafragma pélvico) puede lateralizarse, coinciden 

con los resultados que fueron obtenidos durante intervenciones quirúrgicas realizadas por 

Percy y col. (1980), en un estudio sobre la inervación motora de los músculos del piso pélvico 

en el hombre, en el cual encontraron una lateralización de la inervación del músculo 

puborectalis. 
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Los nervios pudendos hiervan los músculos estriados de los esfínteres del ano y de la 

uretra y a la piel de la región perigenital (Reichard y Jennings, 1963; Bradley y `Fugue, 1972; 

Crouch, 1969). Los esfínteres anal y uretra' poseen músculos con husos musculares (Cheuneis 

y col., 1960; Todd, 1964; Oliver y col., 1970; Shuster, 1975). Sin embargo, en nuestro estudio 

no pudimos obtener respuestas nxmosinápticas cuando registramos la actividad refleja en las 

raíces ventrales sacras, durante la estimulación eléctrica de los nervios pudendos. 

Jankowska y col. (1978) y Mackel (1979), encontraron que los PEPSs producidos en 

motoneuronas esfintéricas por la estimulación de la raíz dorsal, tenían amplitudes menores a 1.0 

mV, mientras que aquellas provocadas por la estimulación del nervio pudendo, raramente 

excedían 0.5 mV. No sokunente estas conexiones sinópticas eran débiles, sino que también eran 

pocas en número; menos de la mitad de las motoneuronas esfintéricas probadas exhibieron 

PEPSs monosinápticos. Estos hallazgos, poca amplitud de PEPSs y baja frecuencia de 

conectividad, podrían explicar la ausencia de respuesta monosináptica en raíz ventral sacra, 

durante la estimulación del nervio pudendo. Nuestra información fue confirmada por Jolesz y 

col. (1982). 

Estos resultados ux)straron que el aparato neural de la musculatura estriada del piso 

pélvico, es capaz de activar individualmente los diferentes músculos que lo forman, y que el 

esfínter externo del ano, por una parte, y los músculos que conforman el diafragma pélvico por 

la otra, están controlados por diferentes circuitos neuronales. 

En gato y en perro se considera que el diafragma pélvico o levator ani está formado 

por los músculos iliococcígeo, pubococcígeo y coccígeo (Bradley y Grahame, 1943; Crouch, 

1969). Por otra parte, en ratas existió una notable confusión anatómica. Un músculo fue 

identificado como el "levator ani" en la anatomía de rata de Greene (1935), y este mismo 

nombre persistió, especialmente en la literatura endocrina. Se anotaba que sólo existía en el 

macho. Más tarde se encontró que correspondía al músculo bulbocavernoso dorsal ([layes, 



1965), y aunque hubo intentos de re iniciar la controveisia (Cihak y col., 1970), se ha 

corroborado y aceptado la propuesta de 1-layes (McKenna y Nadelhaft, 1986). 

En la rata, es ahora posible la distinción de los componentes del piso pélvico. Existen 

algunos estudios en macho sobre las motoneuronas que los inervan (Schroder, 1980; N1cKenna 

y Nadelhaft, 1986) y sobre su participación en los procesos de micción (Matiz() y col., 1991); 

en la hembra, una descripción anatómica ha sido hecha por 13rink y Pfalt (1980), quienes 

revisaron algunos de los músculos vertebrales involucrados en la lordosis. 

Se considera que los músculos iliococcigeo, pubococcígeo y coccígeo son músculos 

vertebrales sacrocaudales (Brink y IVA; 1980 ) y pe' tenecen al grupo compresor (le la cloaca 

(Wcndell-Smith y Wilson, 1977). Surgen de la cara medial del hueso innominado de la pelvis y 

se insertan sobre las vértebras caudales proximales. En la rata albina, los músculos 

pubococcígeo y coccígeo, son difíciles de separar uno de otro (Brink y Kali; 1980). Estos dos 

músculos algunas veces han sido descritos bajo un único nombre, abductor calda externo 

(Greene, 1935). Sin embargo, Rinke'.  en 1954, describió la inervación separada de los dos 

músculos (citado por Brink y Pfaff, 1980). Se cree que los músculos pubococcígeo y coccígeo 

corresponden a las porciones anterior y posterior, respectivamente, del levator ano del hombre. 

Músculo lliococcígeo (iliocaudalis, abductor cauda interno): las fibras del músculo 

iliococcígeo tienen un origen carnoso en el borde ventronEdial ole la cresta ilíaca desde la 

muesca glútea (muesca ciática mayor) a nivel del acetábulo. Las fibras pasan caudalmente y 

desarrollan dos tendones que se continuan con el músculo trasverso caudal, corriendo 

inicialmente a lo largo del borde lateral de la cola ventral. Conforme los tendones salen de la 

pelvis, cruzan sobre la línea media de la cola ventral, y se continuar para correr caudalmente. 

Los tendones se insertan ipsilateralmente sobre las protuberancias ventrales (localizadas 

mediahnente) de 015 y Ca6. 

Músculos Coccígeo y Pubococcígeo (alxluctor cauda externo): las fibras de los músculos 

pubococcígeo y coccígeo forman juntas una vaina muscular delgada, aplanada y triangular que 

se extiende desde la superficie ventromedial del pubis, para insertarse a lo largo de la diapóíisis 

de la cola proximal. Las inserciones caudales están sobre las fascias de la superficie 
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ventrolateral de la cola, a nivel de Ca6. Los origenes de las libras son carnosos; las inserciones 

son tanto carnosas como por medio (le fascias de fibras curtas .Los dos músculos son 

fácilmente separables anteriormente, donde dos vainas de fibras pueden distinguirse de acuerdo 

al origen de las fibras y a la dirección de la fibra transversal. La vaina lateral (que descansa justo 

medial al hueso innominado) está formada de las fibras del músculo coccígeo. Estas fibras 

surgen de la cara media' del hueso innonúnado, anterior al forátnen obturador y a lo largo de su 

borde ventral medial. Las fibras pasan dorsocaudales para insertarse, al menos, sobre las 

diapófisis de Cal a Ca3. Las fibras del músculo coccígeo hacen las inserciones anteriores 

viajando casi directamente dorsales. Las fibras del músculo pubococcígeo, que comprenden la 

vaina medial, viajan tnás directamente caudales. Estas fibras surgen del borde ventromedial del 

pubis al nivel (ley posterior a la eminencia iliopectineal, y se insertan al nivel de Ca3 y Ca4. Los 

tendones del músculo iliococcígeo pasan niediales al músculo pubococcígeo. Unas pocas fibras 

de origen del pubococcígeo pueden unirse al tendón del iliococcígeo. 

En el tercer trabajo de esta tesis (Pacheco y col., 1989) se caracterizó la inervación eferente de 

los nervios pélvico y pudendo identificando los músculos activados por estimulación eléctrica 

en un punto distal a donde ellos se bifurcaron del tronco L6-S1. La estimulación eléctrica del 

nervio pélvico produjo contracción monitoreada por EMG de los músculos ipsilaterales 

iliococcígeo y pubococcfgeo, que fue bloqueada cuando se cortó una rama (la muscular) del 

nervio bifurcado. Esta rama recibe entrada propioceptiva activada por el desplazamiento (le la 

cola, mientras que la otra rama, la viscerocutánea, recibe inervación sensorial de la región 

perineal de la línea media. La estimulación eléctrica del nervio pudendo produjo contracción de 

los músculos coccígeo, esfínter externo del ano e isquiocaveruoso. Movimientos del orificio y 

pared vaginal fueron directamente visualizados durante la estimulación eléctrica de los dos 

nervios. La presión intravaginal medida por un globo aumentó por la estimulación eléctrica del 

nervio pélvico y disminuyó por la estimulación del nervio pudendo. La contracción refleja de 

los músculos iliococcígeo y pubococcígeo fue producida por emcanoestimulación del periné, 

vaina clitorial y vagina distal. Esta respuesta fue bloqueada por la estimulación cervical suave. 
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Una implicación de este hallazgo es que el paso del feto a través del cérvix durante el parto 

puede relajar los músculos iliococcígeo y pubococcígeo, facilitando con ello el alumbramiento. 

Pfaff ha propuesto que en la rata en lordosis los músculos responsables de la 

dorsillexión de la espalda son el longisimus lateral y el transverso espinal lumbar, y los 

responsables de la desviación lateral de la cola, el longísimus medial, el extensor cauda medial 

y el abductor cauda medial (Brink y col., 1980; Pfaff y Schwartz-Giblin, 1988). Existen sin 

embargo, otros músculos que no solo se activan durante la postura lurdótica, sino que 

probablemente también contribuyen al mantenimiento de ella. Así por ejemplo, en la rata 

hembra, los músculos abdominales se observan contraídos por la estimulación vaginocervieal 

durante la cópula. 

Durante el parto, estos músculos se activan también por la estimulación vaginal. En un 

estudio de Iliguchi y col. (1987) realizado en ratas periparturientas anestesiadas con uretano, 

se mostró que la distensión vaginal producía contracciones de músculos alxlominales y del 

diafragma, y que éstas llevaban a un aumento de la presión itura-abdominal. 1-ligtichi y col. 

llaman a esta contracción muscular refleja el "reflejo de expulsión del feto", y sugieren que 

inicia los movimientos de pujar durante el parto. Compararon este reflejo en ratas embarazadas 

normales y en ratas embarazadas con sección de los nervios pélvicos. Se había descrito que el 

parto es bloqueado en ratas con sección bilateral del nervio pélvico, atribuyéndose su causa al 

bloqueo de la activación lútea provista por la estimulación del cérvix (Kollar, 1953; Carlson y 

De Feo, 1965; Spies y Niswender, 1971). Sin embargo, ahora se sabe que las ratas 

neurectomizadas del pélvico son capaces de un embarazo normal si el cuerpo lúteo es activado 

de otra manera, aunque el alumbramiento no se lleva a cabo (Carlson y De Feo, 1965). La 

naturaleza de este bloqueo no había sido investigado con más detalle. Ya que la sección 

unilateral del nervio pélvico no tiene efecto sobre la expulsión (Burden y col., 1980), se asumió 

que los nervios pélvicos controlan el proceso del parto por un efecto sistémico efe "todo o 

nada". ['igual y col. (1987) indican que la principal anormalidad en el parto de ratas con 
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sección del nervio pélvico, es su prolongación, y que ésta puede ser debida a una falta del 

reflejo de expulsión del feto, que juega el papel fisiológico de mover el feto desde la porción 

cranial de la cavidad vaginal, en contra de la resistencia opuesta por la salida pélvica. 

Los músculos ab(lominales son divididos en dos grupos, los ventrolaterales y los 

posteriores. En el segundo grupo quedan comprendidos los músculos psoas mayor, psoas 

menor, ilíaco y cuadratus lumbar (Greene, 1935; I lebel y Stromberg,, 1976). En el hombre y 

otros primates, el psoas mayor, el psoas menor y el ilíaco, se agrupan juntos como el fnCisculo 

iliopsoas, y se describe que su contracción flexiona el muslo y el tronco (Wilson y Wilson, 

1978). En rata, el origen del psoas mayor está sobre los cuerpos y la superficie ventral de las 

diapófisis transversas de las vértebras L2 a L6; el origen del músculo iliaco está sobre las 

diapófisis transversas de L5 y L6 según Greene (1935), y I lebel y Stromberg (1976) indican 

que también se origina de la superficie ventral del hueso ilíaco. La inserción de ambos músculos 

está sobre el trocánter menor del fémur a través de un largo tendón. 

Estos músculos, si se asume que contribuyen también a la expresión de la postura 

lordótica, podrían ser modificados de alguna manera, por la estimulación perigenital y 

vaginocervical. 

En el cuarto trabajo incluido en esta tesis (Martínez-Gómez y col., 1992), se describen 

varios reflejos musculares producidos por estimulación genital, los nervios que los median y los 

efectos posturales y viscerales inducidos por estos reflejos. La estimulación eléctrica de los 

músculos iliococcígeo y pubococcígeo produjo movimiento del orificio y pared vaginal, uretra 

rnembranosa, cola y pelvis. La estimulación eléctrica de los músculos estriados psoas mayor e 

iliacus produjo movimientos de las vertebras lumbares y extensión de las patas traseras 

ipsilaterales. La estimulación de la piel perineal, vaina clitorial o vagina dista!, produjo 

contracción refleja de los músculos iliococcígeo y pubococcígeo. La estimulación del cérvix 

produjo contracción refleja de los músculos psoas mayor e ilíaco y también bloqueo la 

contracción refleja de los músculos iliococcígeo y pobococcígeo arriba descrita. Tanto el 

bloqueo inducido por la estimualción cervical de la respusta refleja del iliococcígeo y del 

pubococcigeo, como la activación inducida por la estimulación cervical de los músculos psoas 
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mayor e ilíaco, fue evitada por la transecciÓn bilateral de la rama viscerocutánea del nervio 

pélvico. Basados en estas observaciones, se propuso que la estimulación de la superficie vaginal 

del cérvix resultante (le la estimulación peneana y /o de la deposición del tapón seminal durante 

la conducta de apareamiento en la rata, puede activar reflejanrnte los músculos proas mayor e 

ilíaco, contribuyendo así a la rigidez postural de los miembros traseros y a la dorsiflexión 

lordótica que son características en la postura de apareamiento en las ratas hembras. 

Siguiendo este mismo razonamiento, estuve interesado por conocer si en machos se 

observaba la misma distinción de los componentes del nervio pélvico y si estaban implicados 

por ello los músculos iliococcígeo y pubococcígeo (quinto trabajo de esta tesis; Lucio y col., 

1994). Además, se investigó el papel de estas ramas en la mediación de la conducta 

copulatoria. La rama somatomotora o viscerocutánea del nervio pélvico fue bilateralmente 

seccionada en ratas machos con experiencia sexual. La cirugía de la rama somatomotora no 

tuvo un efecto detectable. La sección de la rama viscerocutánea alteró los parámetros 

copulatorios que reflejan alteraciones en la erección penil y la emisión del tapón seminal. Los 

parámetros conductuales alterados alcanzaron los valores de los animales testigos y 

prequirúrgicos, indicando que el daño a la función eréctil y eyaculatoria fue pasajera. Se sugirió 

que los animales con sección de la rama viscerocutánea recobran la eficiencia copulatoria a 

través de un mecanisino plástico compensatorio que posiblemente involucra al nervio 

hipogástrico. 

La abundante actividad refleja postural y visceral implicada en el coito, es integrada en 

primer lugar, a nivel de la médula espinal. 

La parte terminal de la médula espinal, incluyendo los últimos segmentos lumbares, los 

sacros y los coccígeos, Chi origen, en la mayoría de los mamíferos cuadrúpedos, a la inervación 

sensorial y motora de las regiones pélvica, pudenda y caudal. Es así, uno (le los componentes 

fundamentales de la actividad refleja de estas áreas y donde una gran complejidad 

anatómica y funcional se observa. En ella convergen los reflejos de varios tipos: somato- 
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somáticos, viseero-viscerales, víscero-somáticos, somato-viscerales, víscero-autonómicos y 

autonómico-viscerales (Wilson, 1973a; Janig, 1985; iiinig y McLachlan, 1987). 

Las características estructurales y funcionales de esta región fueron observadas en gato 

por Lloyd y Wilson (1959): "en la parte caudal de la médula espinal, especificamente los 

últimos segmentos sacros y caudales, el control reflejo está relacionado con las prominentes 

estructuras de la línea inedia. Los segmentos terminales de la médula espinal se diferencian de 

los ensanchamientos, distinguiéndose por la presencia de un gran núcleo dorsal de la línea 

medía, por el crecimiento de la comisura gris dorsal y por la gran decusación de fibras aferentes 

primarias". Estas características fueron confinadas por estudios posteriores (Spraguc y Ha, 

1964; Rcthclyi y col., 1979). 

En la médula espinal sacrococcígea de gato y mono, Rcthelyi y col., (1979), mostraron 

una proyección abundante de las fibras aferentes primarias a la zona marginal (lámina 1), a la 

sustancia gelatinosa de Rolando (lámina 11), y al núcleo propio (láminas 111 y IV). Las 

proyecciones a estas tres áreas mostraron ser sustancialmente independientes. Existe también 

una importante proyección cruzada de fibras aferentes primarias que pasa por la comisura 

dorsal a la zona marginal y al núcleo propio (Rethclyi y col., 1979; Matsuchita y Tanami, 

1983), y que contribuye a la expansión de la comisura dorsal característica de los últimos 

segmentos espinales lumbares y sacros. 

En rata, las libras aferentes primarias siguen el mismo principio de organización (le 

otros mamíferos, en lo que respecta a su distribución en el asta dorsal: las fibras más delgadas 

terminan en las láminas superficiales, y las fibras más gruesas llegan a las láminas más 

profundas (Light y Peal, 1979). Sin embargo, fibras aferentes primarias viscerales, 

presumiblemente finas, terminan en las láminas VII y X (Grant, 1985). 

En el borde laterodorsal de la lámina VII de los segmentos L6 y S 1, está la zona de 

traslape entre los núcleos simpáticos y parasimpáticos (Nadclhaft y Booth, 1984). El núcleo 

parasimpático sacro del borde dorsomedial de la lámina VII de L6 y Sl, recibe conexiones 

primarias directas de fibras aferentes primarias finas (Grant, 1985). 



El patrón dendrítico exhibido por estas neuronas preganglionares en rata, es similar al 

patrón correspondiente en gato (Nadelhaft y Booth, 1984). Las dendritas reciben influencias 

descendentes de los centros de micción del tallo cerebral (Kuru, 1965), así como de las 

aferentes víscerales pélvicas y de las provenientes de estructuras ~laicas importantes para las 

funciones de micción, defecación y copulación (De Groat y col, 1981). 

Las nmoneuronas de la médula espinal lumbosacra están distribuidas en varios 

núcleos, y no se puede hablar de una verdadera lámina IX en rata (Molander y col, 1984). 

Existen 4 núcleos de rnotoneuronas en los segmentos 1.6 y 51: dorsomedial, ventral, 

dorsolateral y retrodorsolateral (Schoeder, 1980). Las motoneuronas de estos núcleos inervan 

a músculos del piso pélvico, entre ellos a los músculos del diafragma pélvico (I3reedlove y 

Arnold, 1980; Jordan y col., 1982; McKenna y Nadelhaft, 1986; Lucio y col., 1990). En rata 

macho se ha mostrado que un músculo pélvico puede estar inervado por motoneuronas 

distribuidas hasta en tres núcleos distintos (Lucio y col, 1990). Dimorfismo sexual en los 

núcleos motores de la médula espinal lumbar se ha descrito en rata (I3recdlove y Arnold, 

1981). Diferencias significativas entre hembra y macho, con respecto al tamaño y al número de 

neuronas, se han encontrado en los núcleos dorsolateral, ventral y dorsomedial (I3reedlove y 

Arnold, 1981; Jordan, 1982). Las neuronas del ganglio de la raíz dorsal y de los ganglios de la 

cadena simpática correspondientes a los segmentos L6 y S 1, también muestran diferencias 

sexuales (McKenna y Nadelhaft, 1986). Se ha nx-}strado que las neuronas del núcleo 

dorsolateral y del núcleo dorsos dial, y los músculos que ellas hiervan, están bajo control 

hormonal, y que tal control hormonal es el responsable del dimorfismo sexual (I3reedlove y 

Arnold, 1981). 

En otro de mis estudios (Pacheco y col, 1987), analizamos la organización neural de 

los últimos segmentos sacros y coccígeos de la médula espinal del gato, utilizando el método 

de la estimulación de raíces dorsales intactas y seccionadas, y del registro de la actividad de las 

raíces ventrales correspondientes. Encontramos que dichos segmentos de la médula espinal 

carecen de una organización refleja uniforme. La estimulación supraumbral, en cada uno de los 
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ocho segmentos analizados, produjo respuestas en las raíces ventrales con características 

específicas a cada segmento. Después de la sección de la raíz dorsal, la respuesta 

monosináptica mostró un aumento, principalmente en aquellos segnentos que antes de la 

sección, exhibían un débil reflejo monosináptico. Las respuestas de la raíz dorsal no cambiaron 

con la sección. Esta falta de uniformidad en la organización refleja puede indicar algunos 

aspectos de la complejidad anatómica y funcional del área pélvica y caudal. El hecho que 

hayamos encontrado actividad predominantemente polisináptica en el segmento S2, por la 

estimulación de la raíz dorsal completa, correlaciona con la falta de respuesta monosináptica, 

que ocurre cuando se estimula el nervio pudendo (Dubrovsky y Pacheco, 1980; Jolesz y col., 

1982; Dubrovsky y col., 1985). 

Esta porción terminal de la médula espinal está relacionada a una de las partes más 

complejas del sistema nervioso autónomo: los plexos atxlominales y pélvicos, sitios de 

convergencia y divergencia de las vías simpáticas y parasimpáticas. De los últimos segmentos 

lumbares, de los sacros, y de los ganglios autonómicos, se originan las fibras nerviosas de los 

nervios que se distribuyen sobre las estructuras pélvicas. En mamíferos, los principales nervios 

son: pudendo, pélvico, hipogástrico y genitofemoral; los primeros tres están relacionados con 

el plexo pélvico. 

En la rata, la mayoría de las células preganglionares simpáticas, se proyectan desde los 

segmentos espinales lumbares, vía los nervios esplácnicos lumbares, cuyos axones hacen o nó 

sinapsis con las células posganglionares del ganglio mesentérico inferior. Los axones que no 

hacen sinapsis, después de cruzar el ganglio viajan por el nervio hipogástrico, que a su vez está 

constituido por axones de las células postg,anglionares del propio ganglio mesentérico inferior. 

Estos ¿miles, pre- y postgang,lionares se dirigen hacia el ganglio pélvico, más cercano a los 

órganos efectores. 

El resto de las células preganglionares simpáticas, se proyectan caudalmente en la 

cadena simpática paravertebral formando sinapsis con las neuronas postganglionares de los 
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ganglios lumbosacros de dicha cadena; los axones postganglionares llegan a los órganos 

pélvicos vía los nervios pélvicos, los cuales también se dirigen hacia el ganglio pélvico. 

Las células preganglionares parasimpáticas, se proyectan desde los segmentos espinales 

sacros, a través de los nervios pélvicos cuyos ¿txones hacen o Iló sinapsis con las neuronas 

postganglionares del ganglio pélvico. 

En general, se reconoce que las neuronas preganglionares simpáticas y parasimpáticas 

están espacial y funcionalmente separadas, sin embargo, ésto parece no ser el caso para la 

inervación postgauglionar a los órganos pélvicos (.1linig„ 1987). Existen evidencias de que 

axones de ambas divisiones autonómicas, forman sinapsis con la misma célula del ganglio 

pélvico, y que además, solamente algunas neuronas postganglionares inervan directamente a 

sus órganos blanco, por ejemplo en el caso de la musculatura lisa vascular o de algunos 

músculos viscerales. Las neuronas postganglionares que no pertenecen a este grupo, ejercen su 

control a órganos electores de forma indirecta, a través de otras neuronas pernicas, por 

ejemplo en el sistema cinético del aparato digestivo o en los ganglios prevertebrales. 

El estudio del papel del sistema nervioso en la modulación de la actividad visceral 

pélvica avanza con mucha dificultad, aunque muchos esfuerzos se le han dedicado. Por 

ejemplo, Oliver, Bradley y Fletcher han descrito mucha de la inervación visceral en gato y rata 

(1969a y b, 1970); De Groat y su grupo han estudiado extensamente el papel del sistema 

nervioso en los procesos de micción, principalmente en gato y mono (1969, 1981, 1983, 1984, 

1986; 1989; Roppolo y col., 1985; Thor y col., 1989); así mismo, Jiinig ha investigado las 

aferentes viscerales de los órganos pélvicos, enfatizando en la nocicepción visceral (1986, 

1987). 

Un factor que ha complicado las investigaciones sobre el significado funcional de esta 

inervación nerviosa, es la complejidad de los plexos en los llámales experimentales. Así, para el 

estudio de la actividad ganglionar que regula las vísceras pélvicas en mamíferos, los 

investigadores han buscado el "modelo ideal". Según Purinton y col. (1973) y Gabela (1985), 

tal modelo ideal se encuentra en el plexo pélvico de la rata que "consiste de un ganglio pélvico 
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único con distintos oxigenes simpáticos (nervio hipogastrico) y parasimpáticos (nervio pélvico) 

y nervios postglulglionares a las vísceras pélvicas" (Lang,worthy, 1965). Sin embargo, los 

estudios de I3aljet y Drukker (1979, 1980), los de 1-1u1sebosch y Coggeshall (1982) y km de 

Dail (1983, 1986, 1989a y b) han revelado una enorme complejidad en el plexo pélvico y los 

ganglios y vías relacionadas. 

La complejidad en la organización de los nervios del área pélvica ha llevado a 

confusión en la nomenclatura, la descripción de sus orígenes, su distribución sobre estructuras 

Periféricas, la composición de sus libras, y sobre las funciones en las que participan. 

Un ejemplo de tal confusión se puede encontrar en el modelo de la coneja, que a pesar 

de su importancia en la investigación reproductiva, no existe una explicación integrativa de su 

organización anatómica relacionada ¿i la conducta reproductiva. Basados en disección gruesa y 

estimulación eléctrica de músculos estriados en conejas adultas, el propósito del sexto trabajo 

de esta tesis (Martínez-Gómez y col., 1996) fue ayudar a corregir esta carencia descubriendo el 

origen, inserción y acción general de músculos asociados con el tracto vaginal, junto con las 

glándulas odoríferas. Comparada a las vaginas de la rata o la gata, la larga vagina de la coneja 

fue caracterizada por una musculatura conlpleja bien desarrollada. Los músculos 

bulboespongioso, isquiocavernoso, constrictor vestibular y constrictor vulva'', pobremente 

desarrollados o aún ausentes en la rata o la gata, se observaron particularmente conspicuos. 

Las glándulas odoríferas incluyendo las ahora identificadas por primera ves, glándulas 

prepuciales, fueron también una característica distintiva del tracto y región pélvicas. Sugerimos 

que estas estructuras pueden representar especializaciones que subyacen la rápida copulación y 

el parto breve, así como la bien desarrollada la comunicación química, todas características de 

la eficiencia reproductiva de la coneja. 
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Como se puede apreciar de la inlOnnación 1)n...cedente, el modelo neureripiscular de la 

región pélvica es altamente complejo y carece aún (le inlOrnmeión básica. Diversos 

cuestionamientos pueden hacerse sobre la dinámica funcional delliFelk plqViCa. 

Hl primero zttaiie it su musculatura. Desafortunadamente, gran parte de. la Invest igaei(Sn 

sobre el aparato nenromuscular ha ignorado el consejo de Sapp,,:y de hace I vis de un 	"el 

levator ani es uno de los músculos más estudiados y , al mismo tiempo, del que 

sabemos. La doctrina de continuidad de fibras entre. dos 0 mis músculos de a(:ción 

independiente, ha sido aplicado en varias épocas científicas, y este antiguo error, renovado siit 

cesar, ha contribuido singularmente a complicar su estudio" (citado por \Vendell-Smilh y 

Wilson, 1977). La atención prestada a estos músculos en el hombre, radica en la alfa frecuencia 

conque se presentan desórdenes en su funcionamiento, sobre todo en mujeres. Además, porque 

se ha reconocido importaticia a la musculatura cireumvaginal en la respuesta. SCYallti CC. menina. 

El segundo cuestionamiento se remite al estudio (le la dinámica l'uncional del área 

pélvica en animales. Uno de los problemas atiene, a la inervación. 	muchas especies, se 

observa un alto grado de complejidad en la distribución y el origen de los nervios del área 

pélvica que, como ya se anotó antes, se debe en parte, a la estrecha interacción ein re el sistema 

nervioso somático y el autónow, En rata existe la confusión conceptual acerca de la anatomía 

y nomenclatura de los nervios pilvico y pudendo. La mayoría de los autores (( ireene, 1935; 

Kollar, 1953; Carlson y De Feo, 1965; Baljet y Drukker, 1980; McKenna y Nadelhait, 1986), 

coinciden en describir el origen del nervio pudendo a partir (le los segmentos 1.,6--S1. Pero para 

describir el origen del nervio pélvico, existen diversas tendencias. Greene (1935) no lo 

menciona en su anatomía de la rata, que es aún consultada por muchos investigadores, Otros lo 

consideran como una nuna del nervio pudendo (1Kollar, 1952), o que se origina directamente 

de los segmentos Sl-S2 (Reina y col., 1980), 0 que junto con el nervio pudendo, se origina 

directamente del llamado tronco L6-S 1 Waljet y Drukker, 1980; McKenna y Nadelhaft, 1986). 

El nervio pélvico ha sido considerado exclusivamente autonómico (11u1seboseh y Coggeshall, 

1982), sin embargo se ha descrito (Peters y col., l 987) que también contiene un componente 
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s(nuático el cual, (m observaiones preliminares realiyadas por nosoti- o:.;, avi lt.111111.. , 11l e  

I.0 papel muy hui-Km- tante en la 	¡ira nema! del pis() p(lvi(....o. 

1...a inmensa cantidad (le rellej()s que se, stEeitan, por ejemplo, duraiin.-. 	c(iptila o el 

part(), requieren para su estudio (1e informacion anatómica 

Es importante entonces, realiyar investigaciones c.uidadosa5 que i»d:Tuen 

específicamente la naturaleza y la dinámica de la actividad de tos nervios p1vico y pudendo en 

relación a la mé.dula espinal y a 11)5 músculos del í'írea p(1vica. Así 	e5 necesario 

caracterizar la participación de la musculatur¿t pélvica, lisa y estriada, cn lasinúlt ipies funciones 

que en esta área se suscitan. Finaln lente, resulta relevante el allí-1115.1s integral ivo (le. la actividad 

refleja pélvica reproductiva, posiblenk.mte todulada por las hormonas sexuales y 

desencadenada en machos y hembras por la estimulación 
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recurdedLMG jetivitY" frcini. the fulltivsing,' Pelvic•tlui- n riltiwleN: the mili:lit-le: "ani 
externin (SAL).. thc •abductur randai: inter nus tCeice,Siielát..; and 11K tOmiir . 

-audalis) 	 sacra.:aud.ilis dorsalis.1-,ncrii1i1 intr,:11: 	.11%.0 

cicpoSed and prenareJ for. recOrding: Electriral Stíniu14tion uu7S2 -- entral 
. • twitCh.ripunsc.-S of the Sphincier •uni CNICTIlus and ut the ,:sacro:au,latis .101,..tir. • 

hiteralis museles. Stirriulatiún pf S3 and CX.1 ventral. routv elteited tesponws: in the 
other twU museltn" studied, the levotur oni 'and atiduetor 1-Ondae intesnin... !Mis  
ckar -segreptiun of the segmental matar neUron poOls hinersating the di:Líela 

. pelvic floUr tmácles iras derminstrated.1 he %:irioustuusde 	pekie thhir ity..1 
could he reilexly actisated . eiter indisiduallyar"as,:a r LiV uhit dep,•ndini. un die 
intensity• of 	 or tiu.iricil stimulatilon oí pudenda! .iit!itilt‘ nu 
either 	of the hody 	re‘ponN4.75.41f ilic 1, l'itnneter..anie‘leirpt.:::... In 
.aCtiVatitIn . uf 'the 	 'and: - abduh.tor.: C-aud:$4: internus..int.p... 	• 
1:iterar:Led: toettie tir electrieal stimulation oí" the iltnsulatt..r..11 surf:lúes, at the b.i‘e al 
the• tail regiun elieited ip• alateral ieSpuriSes frimt thes1. 	Seetnin ni unu 

pudenda! nerxe tlicl nc alter the Icvel oí tonie utiv 	(2.10 4/s1 oí. the spluniter ani 
externus. 1,1tnve%er. bilateral section c,i the pudendal.:ner‘e'entirely 	314911 
tonic actrrity and phasic relPuribiseni.,.ss uf the -SAE xlithuut alle.-ting ti:. 
thc levator. ani ••:..nd abductor aluda,: incisos niuele. Pudenda1 nene siiinulatian 
elicited °n'y puly-1S-naptizrullei iesfillny...5.frotn S2 ventral ruuts 1 he reNült piewole,1 
show • that.  the n¿ural.:  app-arattl> uf the ,  itriated . inuscutature-of the pel.“: 11. 

. 

capable ef adivating indiidu' any the ditii:rent intiseles that malee u.i the ‘ystent. 
:Ind. that the sphincter -ani .eXterritis 	cine sitic. und , museles -  that  
the diaphragrn peltis" froni .the other, are ubServed by ditrerent neurilnal cuittits, 
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1NTRODUCTION 

In most terrestrial mammals, the caudopclvic musculature can be divided 
finto (i) true sphincters and muscles tethering the sphincters to surrounding 
siructures, the sphincter cloacae group, and (ii) muscles which flank the 
visceral outlets, bilateral structures attached to the inner aspect of the pelvis 
anteriorly and laterally, and to the lower segments of the vertebral column 
posteriorly (48, 49). The levator ani complex, or muscle díaphragm pelvis, 
is the main component of the second group, which has been referred to 
the compressor cloacac group by «'ende!!-Smith (48). Traditionally, the 
levator ani complex has been considerad to consist of the pubococcygeus, 
the itiococcygeus, and the coccygcus museles (41, 45, 48, 49). The puborec-
talis, a muscle unique to the human spccies (45), is thought by sorne 
researchcrs to be part of the levator ani complex (35, 45), whereas other 
researchcrs consider that the puborectalis and the deep sphincter ani 
externus (SAE) form an indivisible anatomic and functional unit (32, 41). 

Many ENIG studíes (12, 18, 19, 21, 22, 25, 43, 46), however, have 
dernonstrated that both the puborectalis and SAE muscles show a continuous - 
1evel of activity which continues oven during sleep. The firing discharge 
rate of these muscles in a resting state is 3 to 4/s, a rate far lower than 
thosc observed in typical antigravity muscles such as the solcus, whose 
discharee rates are 8 to 10/s in the standing posture (47). 

From a study of the activity of the SAE and other pelvic loor muscles, 
Poner (36) concluded that it is of rellex origin, with the afferent imptilses 
arising from the pelvic loor muscles themselves. He called this "the postural 
reflex of the pelvic loor." 

Although the SAE muscle has been cxtensively siudied in man (12, 18, 
19, 21, 22, 25, 29, 30, 36, 41, 44) and in experimental animals (5, 6, 22, 
42, 46, 50), hule is known of the specific behavior of components of the 

s muscle diaphragm pelvis. 
A prevalent notion is that the pelvic loor muscles behave as a unitary 

rnass (12, 15, 36, 48, 49). This proposition is diflicult to reconcile with the 
fact. that besides being a main support for pelvic viscera, these muscles 
particípale in a number of distinct and complex behaviors, i.e., continence, 
defecation, and micturition, and sexual and reproductivo: activities. ;̀  

We examined the problem of activation of pelvic loor muscles to 
determine whether they contract as a unit or can be'selectively activated. 
Funher, some aspects of the spinal segmental organization of pelvic loor 
muscles were examined. Preliminary results of this work have been reponed 

(13, 14). 

METHODS 

Adult cats were anesthetized with ether and after tracheostomy and 

The radial artery and vein were cannulated for hlood pressuie monitoring 
and i.V. infusion, respectively. Dextran was infusediwhen blood -pressure 
decreased less 'han 80 mm 

After-  transection. of the spinal card, cúter was diseontintieti and the 
-animals were placed in a spinal unit, with the' head fixed by a lumiraitimitic 
head-rnouth, piece firmly attached to a -rigid bar. The lumbosacral and 
caudal regions of the spinal cord were _exposed by bilateral lamittectomy. 
The, skin "edgeS were stitchecl to the metal- spinal unit, and warm (37'C) 
mineral oil was pourcd finto" the pool so forrned. The temperatnre oí- the 
pool was-  rnaimained with an infrared lamp rt:gulated throngh a feedback 
circuit provided by a temperature_controller Y.S.1. The'dorsat and ventral 
roots -S2, S3, "--and Cx1 were separdted and prepared for reeording and 
stimulation. 'The Pudendal nerve; ipsilateral to 	of the prepara! 
roots, and as hemorroídal branch were dissected out and mounted for 
electrical stimulation. 

The types of alferent fibers stimulated were munitored by recording the 
afTerent volleys frorn the sacral and caudal dorsal roots. The mínimal 
current necessary to elicit a voltey tn the roots was taken,as the threshold 
(T), and the intensities of subsequent stimulatiuns were expre%sed as 
multiples of that value. 

Threshold values %ven: usually about 250 to 300 pA for hiphasic pulses 
of 0.05 to 0.1 ms_duration delivered at 1/s. Potentials itere amplified un 
122 Tektronix preaMplifiers set al 0.1 11z (low) and 10 kHz (high) frequency 
response. After funher amplification, potentials were displayed un a 565 
Tektronix oscilloscope, and filmed from it with a Grass cantera. 

Somatic stimulation was effected by brushing the. skin with a fine 
hairbrush; by touching the skin at the base of the tal!, pudenda?, and upper 
hind litilb regions; and by pinching a raid of skin. gradually inereasing the 
pressure. To study the lateney and following frequencies uf the response. 
needle electrodos were inserted through the skin of these regitms for 
electrical stimulation. 

The following pelvic Iloor muscles, as described and named in enlucí' 
(11) were exponed: the sphincter ani externus. the abductor caudae imernus 
or coccygeus, and thelevator ani or pubiocaudalis muscle:. The second and 
third of these muscles Iban a vertical pelvic diaphragm which doses off the 
pelvic cavity (11); As the effects of S2 ventral root stimulation were going 
to be examined, the epaxial sacrocaudalis dorsalis lateralis muscle (10), 
which has tiren described by sorne authors as the medial divisiun uf the 
longissirnus dorsi (38), was also exposed - and prepared for recording. 
Anatomical studies_ indicate that this rnuscle is inncrvated by a separare 
nene trunk ascending from the sacral region with a major component from 
S2 (7). 

muscles were under 



FIG. 2: Reno, activation oí pel% (loor musdes. LA(1)--1eft - lelatur uní. 1A(tl—rít:ht 11:%;mor 
ani: A, indivi4tmily and B. as a rnass unn. Alude respons,:s display ed in iiilpancis :15 in upper 
roa 
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For ENIG recordings, two copper wires, completely insulated except for 1 
mm, were threaded throueh each of thcse muscles, with the uninsulated 
section buried in the muscie. Signals were amplified and recorded as 
deseribed aboye. 

RESULTS 

1-"t9nrui Root Srinnitation. The distribution of spinal motor effercnt fibers 
tu the various muscles studicd was investigated in eight animals. 

Stimulation oí S2 ventral roots elicited twitc.-11 responses from the SAE 
in ah! animas cxamined (Fig. 1). Only in one instance was a response from 
thc SAE observcd with stimulation of S3 ventral roots. - Consistent with 
1.3oe.duk's (7) onatomical studies, stimulation of S2 ventral ruot aso activated 
the sacrocaudalis dorsalis lateralis muscle (Fig. I). Stimulation of S3 - and • 
Cxl ventral roots always elicited responses in the other two muscles studied:. 
the levator ani (pubiocuudalis) and abductor caudae intcrnus (coccyg,eus) 

1). 
Thus the results of ventral root stimulation revealed that different pclvic 

fluor muscles receive their neural motor supply via dilFercllt spinal segments. 
Peripheral SlrllilllClrion. The various muscles of thc pelvic (loor. region 

could be rellexly activated either illdividuaily or as a mass unir depending -
on the intensity of thc stimulation. 

Natural or electrical stimulation of pudenda' regions on either sida: of - 
the hody clicited responses of the SAE. The anal reflex 	contraction uf 
the SAE in response to perianal scratching (22)1 when clicited by . clectrical 
stimulation uf perianal regions hui latencies oí 7 lo 9 ms, (Fig. 2A) and 
could faithfully follow frequencies up to 6 to 8/s. 

In contrast lo thc bilateral activation of the SAE muscle, activation of 
the levator ani and abductor caudae internus rnuscics could he lateralized: 
tactile or electrical stimulation of the dorsolateral surfaces at the base of 
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the tau' region (38) elicited ipsitaterui responses from thcse museles (Fig. 
2A). Muscular responses to the eleetrical stimuli hud latencieN oí 8 to 10 
ms, and the twitch responses could consistently follow frcquencies up Lo 4 

to 6/s. 
Increasing the intensity of stimulation, cither by augmcntinn the pressure 

applied on the, folded skin or the currcnt delivered (to 25 niel ). produced 
.simultaneous contraction of all muscics (Fig. 211).* 

Transection of one pudendal ncrvc did not alter the level of tonie activity 
(2 to 4/s) of the SAE. 1-lowever, bilateral transection of the putiendal nerve 

entirely abolished both tonic activity and phasie responsiveness uf the SAE 
without affecting the activity of the levator ani and abductor caudae internus 

'Tnuscles (Fig. 3). 
Pudenda! Slim:dation. The characteristics of the spinal segmental orga-

nization of pudenda' afferent fibers were investigated in six animals. First, 
the -hernorroidaLnerve, a brancli of the pudenda] nerve that innervates the 
SAE, was stimulated. Then the pudc.ndal nerve in its cntirety ;vas stimulated. 

Sacral ventral  roots SI  and SIwerc...transected in these experiments„and 

4 iriSue 

Ftcr. I. Elertrumyograms oí tuitch responses of caudopelvie muscles to stinuilatinn uf sacra! • 
S. S3) and caudal (CA ) ventr:.1 	Abbreviations: LA—lex-atar ani. SAr- .V.neter ani • 
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!G. 3. Eirects of bilateral pudenda} transeetion on reflex activation of pclvic lloor muscles. 
per ruw. 	activation of LA(l) lit lcvator ani, SAE, and LA(r) right levator ani. After 
toral pudenda, section, lower row, Only levator ani musties viere activated. 

dendal rime stimulation elicited only polysynaptic reflcx responses. It 
s not possible to observe monosynaptic responses (4) to pudenda! nerve 
nulation cither with maximal stimulation or with tetanic priming stirn-
tion (500/s biphasic pulses 0.1 ms at 6 Y for 30 s) (Fig. 4). Because 
mosynaptic dischari;es rnight have been. rnissed in the entire ventral root 
ívity, in three experiments sinall filament bundles were prepare(' by 

of S2 ventral roots, and potentials were recorded from them in 
sc to electrical stimulation of the ipsilateral pudendal nerve. No 

Inasynaptic responses svere detected under this condition (Fig. 4). 
1-hat the preparations studied could sustain monosynaptic ventral root 
)onses vas verihed in ;III cases by the presence of monosynaptic responses 
S2 and S3 ventral roots (latencies of !ess than 1.2 ms after affcrent 
leys recorded from the corresponding dorsal roots, high-rrequency follow- 
more than 100/s, and constant delay) when S2 and" S3 dorsal roots were 

stitnulated (26). 

D1SCUSSION 

\lthough not dcmonstrating a selectiva activation of dilferent pelvic fioor 
during ditrerent behaviors, the results presented in this paper show 

t-il.r) I 1.e.1 	.1 1%.,N,s"..",..* 

FIG. 4. Ventral root responses to pudendal nerve stimulation. llonzoiaal upper ruw 
responses of thc entro: ventral root 52 (VIt S2) and from filamcnt bundles uf VR 	middle 
and right pictures. Dorsal root of S2 (DR S2) recording of alferent volicy from Omisa! mut 52. 
PTS—posttetanic stimulation. Middle and lower horizontal row, etrects pf tetanic hti mukation 

(500/s, 0.t ms, pulses for 30 s) of pudenda! nave on ventral mol reshonses, afta-  1 attd 3 ruin 
of stimutation respeetively. Arrow, time of test pudenda' stimuti. No monosynaptic responses 
are observed. 

Ventral root stimulation or peripheral reflex activation produced a response 
in the SAE ind .Pendentiv _.oLthp  
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marnma!s (47, 48). Furthermore, tonic activity and phasic responses of 
muscles oí the compressor cloacae group were not alrected by bilateral 
podendal iransection, which totally abolished all activity in the SAE muscle. 

Our hndinr, that the SAE muscle responded to stimulation of cither side 
of the body is in keeping wíth results of other authors, Bishop. (6), 
Gunterberg et al. (21), Jolesz el al. (24), Wunderlich and Swash (50), who 
also contirmed Sherrine,ton's (42) early (1892) observations on the overlap 
in the distribution of motor tibers from the right and left pudendal nerves. 

In contrast to the SAE responses, responses of compressor cloacae 
museles. the levator ani and abductor caudac internos, could he lateralized. 
Similar results un the lateralization of the innervation of the puborectalis. 
s‘ere reeemty obtained during surgical intervention by Percy o al. (35) in 
a study uf the motor nerve supply of ltelvic !loor museles in hurntins.. They 
round that each puborectalis muscle is innervated 	direet hranches uf 
sacra! nenes and that `'each side of the puborectalis is supplied only by the 
nen es from that side." Tapen together, these observations indicate that the 
neural mechanisms subserving control of sphincter cloacae muscles differ 
from those controlling museles of the compressor cloacae group. 

The pudenda! nenes innervate buth striatcd sphincters, anal and urethral, 
and pudenda! skin rcgions (3, 1I, 39). Although the anal and urethral 
sphincters possess a muscle spindle apparatus (33, 43, 46), no monosynaptic 
responses were recorded in this study from sacra! ventral roots .iftcr 
pudendal nerve stimulation. Monosynaptie cxcitatory postsvnaptic putentials 
(EPSPs) have been recorded from sacra! motoneurons in response to 
pudenda! nerve stirnulation (23, 27). liowever, these EPSPs had low 
amplitudes (rarely lamer than 0.5 mV) and I" frequency connectivity; less 
than 	of the motoneurons tested rcccived monosynaptic EPSPs. These 
factors could account, in part at lcast, fin the absence of monosynaptic 

root responses to pudenda! stimulation in spinal animals (24). 
lonosynaptic ventral root responses alter stimulation of neck muscle 

:dieren' tibers are rarely observed in the cat (1, 2, 9, 37) oven though the 
dorsal neck museles are richly endowed with musele spindles (20; 40). 
These museles, however, display a well developed tonic strcteh reflex (3) 

anows for integrative neural mechanisms of a far higher order than 
that displayed in the tendon jerk resulting from a single synehronous in-
put (28). 

II is templing,  to suegest that in museles like those in the dorsal neek-
rt.•gion that interazt with vestibular and oculomotor systems ín the coordi-
nation oí eye-head movements (3), and in museles like the SAE subjected 
lo multiple iniluences (e.g., postura!, respiratory, as well as the segrnental 
input), the final common paths are heavily dependent on suprasegmental 

-.input (19, 27, 29). 
1.,•.e 	114 I • " /.•••• • 	 e. • e... 	 . t. - 
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(22. 31, 34). As counectivity at spinal; and probably supraspinal le‘ els loo 
(30. 44),_ is different for the SAE -and for •tlie. 	.pel‘ic Musele 
cumplex, it-folloWs that functional eN.arnination:or the..pelvic lloor museo- 

. 
!atore should sample Its dfferent musele cOmpcinents inthrittually. 

To consider. an . EMG 	of the SAE activity as seprk'sentinive o 
the ..funetional state_ of the entire peivie !loor museulatint: k‘Ould, be 
erroneous and inisleading. We think that: the seleetive neural connectikity 
(a(ferent and efferent) of each.pelvie-lloor muscle should.also be taken tato-  
account in the design.  -oí therapetitie strategies for incontinence using 
electrostimulation. Therapetak. falta! (16, 17) may he' More frequently 
related to diffuse, inappropriate stimglation or the pelvie Iloor. mu_scitlature 
than,hitherto suspccted. Indistriminate stimulation can cciaeti‘ ate museles 
such as the SAE and levator ani complex, 	nuy have recipro'Cal• 
patterns of activity, whereby as one contracts, -others selax or Vice V erS:1 
(8, 41) under normal phYsiologic conditions. 

The results presented also indicate the need to search for orytanized 
furietional subsetl within large éomplex muscular groups sud; as thtt of - 
the pelvic Mor, as has been found to exist in another equally comple.b and 
specialized group, that of the dorsal net:1, muscles (2 3. 9, 37). 
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Plliafr eillx tind".rrrirrllrl "9"131  ("id' 	1)  II Y SIO1 	HA V•• 17(.1) 6911 711.1. 1976. .• 	 lem,onsú; lo 

Slillltilalt(111 (.)I either the inedia' gastinenemitis or the sural nerve ‘‘ ere recoulett I tont the 1.., 	entra' luid in Fenialc 

cats (C, - ('i  level). ENperiinents vvere periorined in 7 intact, 1(1 ovariectoini/elt, and l t radio! 	ovdriectoinileil 

cals. Stittilliation ut the sttral neive elicite(l a twi, peaked polysynaptie response, and si 1111111,0ton of the 111011ml 
gz1Sirt1elle1111115 IlerVC prOlikleeti II 	11(1%)'Ild pl 	ft.,,pow,e rolio‘veki lyy a coit t pl i,\ poly%y 	1 (.11011.w, Vali 

o!' the perivulvar skin atea 01 	IleCk irlltihilctl the polrlynaplic response lo 110111 suya1 and nietli.11 raq rocitemins 

stimuliition and lacilitated the niot iihyna pite 	em)(iiime to inedia! r.odtuctientiu,1 ‘.1 itutdat ion. Varinal and cei ieni 
stiniu kit ion iniiihited 11W 11(115'Syllaplie Ti'spg)11NC 111(111cCil 1)5' 111Cdial ga!,11t)C11C111111\ aintulatiuli. 11111alleCi111.111 t11.  111C 

nio n osynaptie response in niedial gastr(mientitis siititttlation Was 110h:ti al ccssation o1.  cervical stininlation. 1 he elTects 
Ivere independent oí the endocrine condi tion ni' the a nituals. The responses Itero reporte(' ale probahly relate(' tu 

the posture adopte(' hy the t'enlate cal durinr. 

Genital stimulation 	Spinal fent' 
	

()variectonly 
	

Vt.`1111:11 rOili 	 st11111113ti011 

ESTROUS cal extiihits a characteristic behavior when 
Inounted hy the mide. Resting un her chest and forearms, 
\vitt' leer pelvis raised and lici' tail clevated and turne(' to 
one sirle, she executes alternating rhythinic movements oí 
the hindlegs (Reading) augmenting in inlensity tiuting 
intromission.iThe very same behavior can he induced 
mechanically stimulating the perineal region and hy 
pressuring the skin oí the neck (neckgrip) 171. 

,\lthough desensitization Iras not prevented wating of 
felllaleS (4, 7, 8, III, importante of genital 8ensations for 
regulating female sexual behavior has Meen suggested, 
however. Prevention of all responses of a feinale cat to 
introinission and inechanical stimulation uf the vulva by 
removing the sacra! con' 111 and failttre tu elici( lordosis in 
mis by mechanical stinitriation of the eervix afta pelvis 
nerve section 151 are observations which show the par-
licipation of pelvic nerves in (he mating patlern in feinale 
animals. More reeently it liad hect) suggesteil 171 	Hie l e 
are severa! sources oí vaginal ami uterine 	 klurifig 

copulation they may he important for inating responses, for 
example, tactile and deep pressure sensa I ion rollowing, 
insertion of the penis and proprioceptiVe SCI1S;1110111Cs1111111g 

ft0111 muscular contniclion 	I he vaginal and ulerine 
The neurophysiologicai ineehanisms underly.,.ing the be- 

havior pallen) exhibited by the cal during nuting are not 
weli understoo(f, though it is know') that they are in-
tettrated al a 10w leve) tlower kainst.mt and spinal cor(1). 
Titus Bard 121 induce(' lordosis aml Reading in de-
cerebrated cais 1w stimulating the vuivar or perineal area'. 

The prescnt stmly vas 1111(1111111:C11 tu explore the elTects 
of genital stimulation on spinal 	activity. Sitice the 
crouChed positiOn assumed by the cat during genital 
stimulation presupposes an Mercase(' activity of the gast co-

enemins inuscle, this 1111C110111C11011 \Vas chosen for elect ro-
physiological investigation. The approach taken Wati 

S1111111hat` electrically the rural and inedia! gastrocnemins 
naves which supply ihe skin and muscles oí the hindlcg 
and (o record the resulting elecirical activity from lower 
lumbar ventral ronts hefore, during and afta Heck ami 
genital st imulation under various endocrine conditions, 

NI t: I 1 b )1) 

used viere 25 adutt feniale cats purchased 
10171111y. •Fhey \vete used ami treated as 1"011OWS: (A) 7 intact, 
(li ) 	1(I ()varice t 	iied a mi (('1ovarieet oto lie() a lid 
injecied with I() l ig id estrailiol lienroale d u dy 	5 l o l  s 
ddys prior lo recoiding. 

This stady 	la:pilo:Led 1:1 pm( 	Gtant 700t1') 11(1111 the 1 .1)11! Foundat ion. 

Visiting Professor from the Unit uE Psycliobioloy,). , Itep,llilneiti 01-  Psyi 11,110 	, 	 y o Golebolp, Gotehorl, S \\ eden . 

699 



700 

Surgery 

Surgery was earried out under ether anesthesia, I he 
spinal cord was transected at the C, 	leve" (carot id and 
Vertebral arteries were not elamped). After spinal cord 
transec don artificial respiration was installed and Ole 
anesthesia diseontinued. The lumbar and sacra! segm en ts oí 
the spinal cord were expu.sed, and the left 	S, ventral 
roots cut and prepared for rceurding. lloth medid' gastio-
cnernius and sural nerves were disseeted on the left sido and 
prepared for clectrical stimulation. At times both left and 
right pudendal naves were dissected and prepared for 
recording or sectioning. lit order tu elintinate afferent 
influenees from Miel.  nerves, the lefa seiatie unid: was 
seetioned beim the rainification uf the medial gastro-
cnetnius, The nerves and the expuse(' spinal segments were 
placed in a mineral oil halh al a constan! temperature. 

Procedure 

In all experiments both the efferent and afferent voilcys 
were recorded by ineans of bipolar silver eleetrodes (4 inin 
separation). The reeording eleetrodes were conneeted tu 
Tektronix 122 preamplifiers and the potentials visualized in 
a Tektronix 502 Dual-beam oscilloscope. A Grass 4G 
kymograph camera was used tu pliotograph the responSes. 
Afferent volleys on the . pudendal nerve were recorded in 6 
anirnals, two from . eaeh experimental group. Ventral roo' 
reeordings, however, were done in all the aniivais used in 
this study. 

Electrica1 stiinuli lo the media! gastroenernius and sural. 
nerves were produce(' by a Grass S4 stimulator eonneeted  

lo a Grass Slt15 isolation min. I he int ensity oí the 0.1 
insee pulses vas w(dulated aceoiding lo the amplitud(' and 
the t- i.11ifig_tiraticili of the nwnosynaptic and polysynaptie 
responses ()I' the ventral roots. Thus, when inedial rastro-
eneinius .vas stimuldted the intensity of time pulses was 
raised un til 1)....)th the monosynaptic and the polysynaptie 
responses responses ;vete clearly ohlained. "by() peaked 
polysynaptie response whieh was usually ohtained by 
stintulation uf the sural nerve was 'Net! 	eriterinin ti) 
select appropriate iittensity during the stiniulation of this 
nerve. 

Stimulation uf the genital arca was perforined in two 
ways: ti) light tonel' and tapping ()I' the perivulvar skin by 
the fingen; (21 inserting a Nube tato the vagina, slightly 
pressing it against the clitoris and/or the eervix. In.addition, 
a neekgrip situilar to that oeeurring when the mate mounts 
the l'enlate was 	Cki by pressuring the fur 	the neek. 
The effeet oí taetile stimulation oí the right hindleg in the 
spinal responses Wilti als0 stutiied for colo parison purposes. 

Since the complexity of the polysynaptie response 
obtained by stimulation uf both sural and inedia! gastro-
enemius 'terve made it •impossible lo use peak height as a 
measure oí reflex• sine, all-observai iotas were .nuide in ternas 
oí qualitative aspeets. These aspccts will be describe(' ¿la 
illustrated With figures *Inch are representative examples of 
the. effeets observe(' in al' the animals.• ilowever, the 
wonosynaptie response elie•ited by- the medial gastroe-
nemius - nerve stituttLition was 'quantined (*rabie 1) •using 
the peak height as u incasure of reliex sise.• 

After the cOmpletion of the experiment the m'Unías 
were killed by an oven ose oí. Nembutal. 

PUDENDAL NERVE RECORDING 

1 > E 

'144114 	 • 44+ 

FIG. 1.  Response ()f.  tbe pudetul.11 ;terve tu lappíng of the per ivulvar skin atea. -Dit" and —131.1' respk:inse.s producid by 

tapping at a tate 	approNinizitely t:t) 5, ti)) 2 pee.  sk.!c, c.,r (e) a co lithnjous pies5;ttte 1111/Heti lo 114.,  petivutrzir tibio, Arr.ms-i 
point out 	tekponse5., 
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ClIAN(-iES IN T111:, NIONOSYNAliTIL RFSPONS1-: 1:01.1.01VING N11.1}1A1. GAS 1 Itol:NEN111 1 S 11 	• RICAl. S11.111;1,111( +N. 1111, S1/1:. (+1: 1111,  
N1ONC)SYNA1'T1(.' 1:I•--PONS: \S'AS ASSU:111..1) 	111:. 100 l'ISCFN U. AND -1111: I'VR(•IS.1 	++1.• ClIANGL \S'AS CALCUI.A1 VD As 

1111::ASURF. 01."1.111'.1)1•:filtiT 	FACI1.11ATION 1.) AND 1)11'1(1.:SSJON 	 lailtIN(i l'ARO )1iS 1.11)1.:S (O ,  S HNO.?' A1-10N 
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ESULTS 

Pudenda! Nerve Rectirding 

Tapping of the perivulvar sido increased the filing of the 
pudenda' nerve as shown in Fig. 1. Two types of responses 
were observeci: a, brief bursts oí "on" impulses, and, 1), 
shorter bursts 01 "off" responses tarrows, Fig. 1). The 
length of the. "on" ami "off" responses varied svith the 
frequeney of tapping (Fig. la and II). When tapping svas 
performed at an approximate tate of 8 per sec an ¡limos( 
steatly discharge oí' impulses was produced. When hist ead of' 
tapping, a stistained pressure was applied to the perjvulyar 
skin, a eontinuous "on" response with a 1cIldelley 1.0 
dintinish (adaptation) was recorded, followed by an "off" 
response when the presstire was disconl inued Fig. le), 

Ventral Root Recording alter Electri(al Stinrulat ion of the 
Sural and the Media, GaStrrieliCIMILS ¡Yer r'e's  

On stimulation oí the sural nerve a complex poly-
synaptic response was reeorded ircun the 1_, ventral root. 
However, as seco in Figs. la ami 3, a !kv() pea Led 
polysynaptic reSpOlISC Was Illt` cha ract ist ic pallen) of thrs 
long latency response f 10 rnsec). 	elleiCS Wel e measuted 
from the end of the st Mulla! ion arlilact lo (he heginin 011 01' 
the ventral mol. response. Tapping (Hg. 2a) ami cervik.al tu.  
vaginal stimulat ion Fig. 3) eonsis1 	ly n111010(11 in :111 (11C 

25 anirnals studied the second peak oí the polysynaptic 
response to sural nerve sliniulalion. 

Slininia1 ion ot I he inedial gastrocnemins 'terve produce(' 
a 5 iiisec monosynaptic response followed by a 12 insec 
polysynapiic response as sliown in Figs. lb and 3. Tapping 
(Fig. 2b) and cervical or vaginal sliondalion (Fig. 3 )  

prodneed aiso 1111 innibit 	01' 1.11e 1101ysynaptie response, 
Additionally 4apping increased the height of the mono-
synapl ic tesponse lo media' gastrocrientillS S1111101111 ion (Fig. 
211 .). The siie of die monosynaptic response was compared 
bel ore ttnd during tapping and the percentage increase was 
ealculated. As shown in Tahle 1 the increase varied hetween 
2(1 and 300(2:. No difterences could he detecte(' hetsveen 
the effects ohtained tn hilad and ovattectoinized cals i U = 
I 5.5, NS Mann-Whitney lJ lesl ) and bel ween intact and 
oval iect (un iz('d csl rogen Irealed cats t I.I = 21.5, NS). 

Slimillation oí tire vagina or cervix c:aused variable 
1114;1,1s. flosny,  , 	inonosynaptic response Was depressed 
(1:i)r. 3) bol in st..iine cats, facilitation occurred 	shown In 
"Palde 1. A cl-ar rehound facilita tory effect was consistently 
noied al the end of the cervical stimulation. This rehound 
erice! also appeared in cases W114.1•C 110 pl'CCCtIllIg depression 

[he' nionosynaplic response Iva% ohserved. 
Neck stinndation caused t'Eso facilitation o( the mono-

synaplic response (Tahle 1 ). No diffetenies in the response 
11'er - e oliSCI'VC(1 111101:1' 111C Vill'il.)115 Cild0,1 
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FIG. 2. Rel..ordinr, íroln the L 7  \entra! rool tu mira! (a) and inedia! !..istiocileltlitis (b) eleetrical 
minntlation ‘sidtout (control) and with (tappinp) stimulation or the perivtilvar skin alca. Note 
inhibition oí the sceond peak ot.  the polvsynaptic responw of su t al durinr, ta1111in17, and racnilation ol 
the monosynaptic accoinpaniud l inhihition ol the polNsynaptie tesponse ot 	rasttoenentius 
tltiriiig tapping. Arrow 	tes second peak oí the %mal pol ,:ynaptie response. Itecordings represent 

5 superimposed 

analyzed (ovarieetornizen vs hilad, U = 18, NS; 
toinizecl estrogen treated vs intrret, U --, 27, NS). 

Stimulation of the eontralateral hindleg by light 
touching producen a strong inhibitory 	on the 
nionosynaptie response. A rebound eirect was Jis() observen 
when the stimulation was discontinued. 

DISCUSS1ON 

Sherrington 	121 suda as a general role that stint- 
talation of a eutane(ius "terve excites the inowneurons 
flexor muscles and inhibits the rnotoneurons uf extensor 
museles. Yet, some exceptiuns have peen noten. itus, 
1-lagbarth (91 found that stimulation uf the skin arca over 
the extensor inuscle itself activated the inotoneurons 
that particular extensor tuusele. Since stimulation of' the 

skin of the genital atea resulting 	intense activation ol the 
pudendal nerve facilitated the inoriosynaptie response of 
Ir edia1 g,astrociternius inotoneurons. present t'indino pro-
vide another exception lo Slierrington's 

Kontisatuk and Larsson 110l round that vagindl and 
rectal stimulation bloeked (he witlintakval tette\ exhihited 
in response t() 1001 pinch by vais. ()lir 	 th a t 

this effeet is dile lo Un inbibiliOn ol 

sisee genital stimulat ion bloeked the polysy naptie response 
provoked hy stiiiiitiation of holh cutancotis and niusele 
nerv'es. 

1 he feinale eat atistilIWS a Crollelling 1101.101.1 
illollnled by (be 	 position and 
SlippOtt the 111:11e, a strong tonic contraelion uf Lite 
gastrocriernius nursele in needed. In fact, Ibis hypoiliesis iti 
supported by otir tindings 	shosved that this con- 
traetion is facilitated by SellSOly 	 of lile 1..!eilit;11 

arca Ot by 3 neihrVip. 
The pudenda] 'terve iecording shows hosv the sensory 

stinitilatirm to the genital skin arca could provoke Ibis 
tacilitatory intluenee. The short "on'-' and "off" responses 
L'unid he responsil)le for this effeet. When, instead oí 

pleSSill•C iiputl tire genital skin arca was 
appliecl, a prolorigen "oil" response xvith a olear' teruleney 
lo arlaptai ion %vas observed. "I he "of t" response, however, 
was short. flirts, it can be assurneri that during niating the 
¡bate cal Ili- OYokeS •y11141. -Oil" and ''of i" responses upon the 
pridenrial nerve. 	gastroenent 'UN ni nscie 	taction 
i t ivolved 4 . )11 he. lordosis Iwhavior is thcn tacilitated, 

i he tendeney loo some t'enhile cais 	ruaintain lordosis 
the 	ithdra \vri ol the 

til itili diffi on  id the morenita! siiiiis and 	 , 	he 
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CERVICAL STIMULAIION 
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FIG. 3. Contintions wcording from 1, /  ventral root 
and media' gastrocnemius eleetrical stimulation ssithout and with 
(black line) cervical stimulation. Note ilihihilion of the seeond peak 
of the polysynaptic response 	rural. Note alSo (he inhibit ion (u' 
both the nionosynaptie and the polysynaptie te\pone (11 inedia1 
gastroeneinius lluring eerviCal stititulatitln. Rek..ordtnp 	;it the 

base of eaeh figure as arro SVs ind ¡t'a E e. 

	

elaied 	11 ii ti 	tilk . 	1'I('.11 	D1 5 1;111111 	 elteki 	()1 	the 

nio1o\111.11)I1C 	 \t.hik..11 11'x; 	 iit)let1 at  the 

end ( 11 lile Cel tC:11 

	

The 	illeSent 	 \‘. el e 	per lotilled 	\L.111‘yively 	1111 
telnale edts. it \‘()111k1 11e 111telettnr tl, VsnI)V,' tt the Mate cal 
Shtivl.s 	Nintillal' 	 t() 	retina' 	 ion 	;1 , 	I lie 

I ly 	111 	Vil' \V 	01 	lis,' 	Ihnejelit 

iilitiled by the n'ale and 

13aid ( 21 and Denipso and h ii1c ll 161 rk..pulted tila( the 

spinal tellexes assuciate(l ‘vitli estrous hclutvior can he 

casity evoked in butli eqi(uu,:utd, anestious cats. Mnicover, 

Koinisaiiik and Laisson 11()) (11”,erved out( htuckage of (he 

c;ipi he :Jecomplisited iii both int¿tet 311,1 
ovnit..ctoliti/ed 	 iinditig that the citailge; elicited 

by genital stittuilation ‘vete inAlependent ol the endociine 

contlition of the animal (e.:tious or anestions, intact 
ovatieetonitied) agteeS kVith the aboye ntentioncil tesult s, 

and indicates that the 1veIl kno‘vn alteration irl se\ttai 
responsiveness Itillulvllift e!;11- (51.tell administ ration are dite tu 
,lit ¡Con Of the hOtillolle al highet 

	

1 he tlifferent 	eets ohlainek) 	stintulation oí (he 
varions regions uf t he genital t 	may he due lo t heir 
ditterenk..es in nemal iimervat ion. Thus, 1 he puklendal regios 

as \Yen as the vagina reeeives its main neural supply 11(1111 
the pudendal netve, 1c liilc 1he cerviz is innervaied by the 

pelvi e and hypogasiFit' nei ves 131, 

In !:titile prehlllinaty ex re! nnent s tltc pu (tendal net ve s‘ as 
cut 	bilat et any antl a di minislted though ilot complet e 

blockage uf the ettects indueed by tapping was observed. 

REFERENCES 

( 4. 

 

1. 11ard, P. The etTects uf denervation 01' the refinaba un lile 
oestral hehavior uf cats. m..1. Physiol. 113: 5, 1935. 

2. Wird, P. The hypothalanms and sexual behavior. ncs. Piims 
A SS. Iter1'. 111(911. Di,v. 20: 551-579,1940. 

3. Bradley, W. E. and C... 1'. Teague. neenuphysiolu5*.y ol 
and pudendal nerves in the cal. F.vp/ Neud. 35: 378 393, 
1972. 
Brooks, C. MCC. The role of the cerchral corte\ and of varillas 
sense organs in the excitation and execut i(vn 	inatinr. activity 
in the rabhit. Am. J. Physiol, 120: 544 --553, 1937. 

5, 	Carlson, R. R. and V. J. De Feo. Role of the pelvie nerve vs. (he 

abtloluinal sympathetie nerves in the reprodnetive Innetion nf 
the leinale rat. ifndocrinair&o. 77: 1014.-1022,1965. 

6. Dempsey, W. E. and D. McK.. Rioch. The localriation in the 
brairi Mein of the nestrous responses of the teniale guinea pi5!. 
1 Neurophysiol, 2: 9--- I 8,1939. 

7. 1.)iiikow, 	lec( s t,l 	genital desensitiiation un mating. 

liehavior and oyulation in  the ietuale e.0 	Physini. Behirr. 7: 
47- 54,1971. 

8. l'ee, A, R, inri A. S. Parles. Stutlies in ovula' jou. 111. 1-1Teet 01.  

vaszinal illwsthesi3 oil 	uldtion rli the ra1}1111„/. 

70: 185 .388, 1930. 
I lagbarth, K. F.. l• xeitdiory and inhibitury-  skin ateas for tle\or 
and e\ fensur inotelnektionk.'%, 	ta 	waud. Suppl. 94 
26: 58,1952. 

10. Kuinisaruk, It, R. and K. Larsson. Suppressioh n i' a sphial a nd a  

cr,inial nerve reno\ hy vaginal or rectal probine in raí s. iitain 
35: 231 ..235. 1971, 

11. 1.ahate, .1. S. Intitience ol" uterino and ()urjan nerves oh 
tacuil ion. .b..,),./ocrimih•An. 27: 342 --344,I940. 

12. Sher ,  r 	(in, (f. 8, 1,  leviothr 	 hinly, cro,.,sed e\- 
tonsion.tellleN, And l'ene\ stepinint and Standin!!,,/, Ph.l';Ígit, 40: 

28 - 121, 1910. 



tiiii itic'Wdhot h, 	( 	' 11 

k iC I 

BRE 14574 

Son ato-motor components of the pelvie and pudendal nerves oí.  
the feniale rat 

Pablo Pacheco'', Margarita iviartillez-Goinez2, 13everly Whipple3, Carlos Reyer'''' and 
Barry R. Komisaruk's  

Inve.smaciones 	 (MeXiC0), 131141W:0M) Neroofisudogia, 
Centro de InvelfigaCiml 	neplorh4C(iOn 	 Unit ersidad Ahí:uno/mil de .1!iuerdu-(.'iNt'1;.S ¡A1  7latcala 
(,51esico), 'Cr)11ege uf Niraing, Rengers, .1 he State University of New Jersey, Newark, NI 07102 (U.S.A.) and 
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(Aecepted 2') No‘enibei 1988) 

Key wonh: I'eivic nerve; Pudendid nerve; lithibilion; Sprint' réflex; Coitus; Ischiocavernostis niuscle; Coccygeus rouscle; 
iliococcygeus musa"; Pubococeqeus niuscle; Vagina 

The efferent innervation of the pelvic and pudenda! nerves k%as characterized in Ibis study by identifying the niuscics activated 
by electrical stimulation of the nerves distal to the point at s hich they bifureate froto the 	trunk. Pelvic nerve electrical 
stimulation produced Eislei-nlonitored contraction of the ipsilareral dio- and pubococeygeus muscles, 	veas abolislied by curling 
une ('rnuscular') branch of the bifurcated nerve. (This 'muscular' branch receives proprioceptive input activated by tail displacement, 
whereas the other, *viscero-cutaneous' branch receives sensory innervation from the midline perineal region.)Pudendal nerve 
electrical stimulation producecl COIlIfileli011 of thc coccygeus, external anal sphincier, and ischiocavernosus museles. Movernents of 
the orifico and 	of the vagina were directly visualized 	electrical stimulation of the two nerves. Intravaginal pressure 
measured by balloon was increased by pCiViC nerve stimulation and decreased by pudendal nerve stimalation. Reflexive contraction 
of the ilio- en puhococcygeus muscles was produced by mcchanostimulation of the perineunt, clitoral sheath and distal vagina. This 
response was aholished by genile cervical mechanostirnulation. One implicarion of chis finding is that passagc of the fetuses throtOr 
thc cervix during parturition may relax the dio- and pirboeoceySICUS fillISCICS, thereby faeilitating delivery. 

I f 
I ielnittainenlf) (he riSiOIRL:i(1, inSfinat) 

1NTRO1)UCTION 

The pelvic and pudendal nerves contain sensorv 
components that play an important tole in repto-
cluction. ln lemale rats, the pelvic nerve receives 
afferent innervation in parí froin the vagina and 
perigenital skin 	and cervix', and transection uf 
this nerve in rats blocks pregnancyI9  and pseudo-
pregnancy', probahly hy preventing prolactin release 
in response to mating42. l'elvic neurectomy also 
blocks ivating-induceci ovulation in pentobarbital-
blocked ratsI3, indicating that the Mercase in plasma 
lutcinizing hormone in response (o mating3I  also 
may be mediated by activation of this nerve. Vaginal 
mechanostimulation, which activates pelvic nerve 

fibers2 ', facilitates the lordosis response2°, induces 
sexual receptivity" in rats, and niodifies 
and craniaC I  reílexes. 

The pudendal nerve receives sensory innervation 
in part from the penigenital skin and clítoris. The 
sine 24  and sensitivity25  of the sensory skin field of the 
pudendal nerve is increased by estrogen trcatment or 
during the bebas:1°nd estrus pitase of the cstrous 
cycle l  and consequently ritay also play a role in 
regulating sexual receptivity in female rats, 

SVhile the visceral-motor role of the pelvic nerve 
has beeit studied recently9.1a.17, less atiention has 
becn paid tu the somatic cfferent functions of Ibis 
nerve. 

lite pelvic nerve in the rat contains parasyrn- 

Correspondence: ü.R. Komisartik, Institute of Animal /3chavior, kutgers, The State University of New Jersey, Newark, Ni 07102, 
U.S.A. 
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atiretic3f1  and symparlietie t " components, 	its, 
fferent distrihation bevond tlus pelvie plextis" has., 
ot hect complete!y determina', ln cal, the pelvie 
erve carnes parasympathetie 	 R1 the 

rinary bladder9.1".32.-"; its electricul stimulation 
roduces contraction of the t'emisor nitisele in the 
ladder2.7  and it forms the efierent pare of sume 
rinato-vesical reflexes". The pelvie I1CFVC iriso 

istributes fihers tu the urcthra3. 
The pudendal nerve cont¿iins severa' somatie 

iferent branches that distribute to the externa' anal 
id urethral sphincters in the rat iu  and cat''. In tire 
it some branches of this nerve are purely eutaneous 
mrsory8. In cante and shecp the pudenda' rierve 
ipplies the coccygeus, retractor ani, externa) anal 

rhincter, retractor penis, ischiocavernosus and bol-

Dcavernosus muscles2 . In the feinale rae it provides 

series of delicate fibers that innervate the coccy-
....us muscle" and the extremely fine ischiocaver-

.)sus muscle31). In malo rats, pudenda' nerve effe-
-nts also innervate the bulbocavernosus intisele3u." 
.1so referred to as tire bulbospongiosus muscle) and 
e ischiocavernosus 
The objective of tire prescnt study was to further 

laracterize the efferent innervation of the pelvic 
rd pudenda" nerves in the fernale rat, by identifying 
.e muscles activated by elcctrical stimula(ion of the 
crious cornponents of these nerves. The branch of 
e pelvie nerve that receives afferent innervation of 
.e perigenital skin was also identified. 

ATE.R1ALS AND METIIODS 

111 ;tn()th(.1 	raK, ttY 	 iht' 	 01.  

ti1C 11 meted 11141tieles C011t1(111c11 by the 'm (1 1_11(1:11 ;111( 1 

1)CIVit: 	CleClIt)111yOgraidliC (1:,1\1( 

from the intiscies ‘vere obtained following eleeti real 
stimulation of the nerves ur tiren bi anches. The 
eleetrieal stimulation uf the nerve was performed 
thiorigh bipolar silver cirio: ide electrones conneered 
to a (.irass SIU isolation unit that was activated bv a 
(irass SIS stimulator. Pulses (0.1 ms duralion) at 
0.5/s were tvpically used. The 1.3\1Gs were recorded 
from 0.1 nene Iliaineter stainless-steel vires inserten 
hito the !misiles and conneeted tu Gratis 7P3 
vide-band AC preamplifiers. The 11'3\40s \vere dis-
played un a Tektronix 561 storage CR(). In tírese 5 
animals, in order tu mensure intravaginal pressure 
changes during the electrical stimulation of the 

nerve, a rubber balloon attachet1 tu a pressure 
transdneer (Statharn) was inserte(' into the vagina. 
In ;mutila five rats, reflex ENIG activity was 
obtained using inild compression by small blurrt 
furceps on externa' structures un a 1)111111 probo: 
inserted imito the vagina. The Zeiss surgical micro-
scope was also used to directly visualize the vaginal 
‘vall (Itiminal as well as peritoneal surfaces) during 
nerve stimulation. 

Recordings of the electrieal activity frote the leí( 
pelvic nerve of four rats was perforined via bipolar 
silver chloride hook eleetrodes connected to Gratis 
7P3 preainplifiers. The responses were displayed on 
a Tektronix 564 storat. CRO. The electrodes were 
placed on the 'terve after its separation frota the 
1.•6-S1 trunk. 

lntact virgin feinale Sprague-Dawley vals (250-
)0 g) were used, and since qualitative rather tiran 
rantitative effects of the stiniuli were studied, we 
d not relate the cffects to the estrous cycle. An rats 
re anesthetized with ureihane (1.6 g/kg, i.p.). 

ipplemental doses were administered when neces-
ry 
Gross anatomical dissections were performed en 

ts in order to icientify the pelvic víscera, muscles, 
id course of the nerves innervating the pelvie 
gion. lb facilitarte the identification of the pelvic 
:rve, the Carlson and DeFed} description was used. 
natomical drawings and photograplis of the disscc- 
)ns 	prepared usiug a Zeiss surgical micro-
ope. 

kliSULTS 

Gros.v anatonly 

The pudenda' and pelvie nerves travel inainly in 
spinal roots L6  and Si , hul thcy inay also travel in 
spinal roots 	via anastomoses with L(., and S, 
(Fig. 1A). Spinal roots 1.6  and SI  forra a trunk in 
which the principal component was observe(' to be 
L6  in 12/15 cases (Fig. 1A) and Si  in 3/15 cases (Fig. 
113). The 1.,/,-S1  trunk, which is fused for a distance 
of 5-7 nun, bifurcates into the pelvic nerve and 
pudenda' nerve. Based on gruss anatornical obser-
vation, most of the fibers of the pelvic nerve appear 
tu originate in SI . 

nerve. After its separation frota the 1, -Si 
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trunk, the pelvic nerve 	avels eaudally appi i- 

tnately 10 111111 in a (Il)rsa! lo ventral direetion 'Hui! it 

arrives at die media! sitie of the internal iliae vein. 

!fere a bifurcado!' oceurs. ht order to visualice this 

bifureation, it was neeessary to cut the uterovesical 

vessels (Fig. 2). (.)ne brand] of the bifurcado!) 

travels tu the tnidline ()f the body. This consists uf 3 

bundles that innervate the su- tictacs usted in l'ig. 

1A, and s'oh:e the brand) receives sensury input from 

skin as ;ved as viscera (seo bclow) ave refer lo it as 

the visten)-ellIalle011ti brand'. 'The uther brame!' is 

the muscular component uf the pelvic nerve which is 

more complica and travels caudaliy, bifurcating alter 

5 min. One brand} of the muscular bifurcado!' 

innervates the iliocoecygens muscle and the uther 

travels more caudally, innervating the pulmcoecy-

geus muscle. 

l'udential nenue. i‘fter separating from the pelvic 

nerve, the pudenda: nerve travels caudally and at the 

leve! of the medial sido of the internal iliae vein 

bifurcates. The sinaller branch travels laterally, 

bifurcating after 	mm. l'he two bundles penetrate 

the coccygeus mustie and une of thcm joitis the 

other pudendal bundles more eaudally. The larger 

braneli ti avels eandallv and alter 5 trun divides !tito 

tunee blanehes. /‘ solad biancli, the most 

anastomoses with the lunibusacral punk (that be-

comes the sciatie neivc). The (filler small braneli 

travels eandally hito the iseltiotectal fossa tu the 

perineal skin. The largest uf these 3 branelies is the 

branch tu the clitoral sheatli. \Vitcn it reaches the 

clitoral sheath it divides int° several branehes that 

tire indistinguishable from connective tissue and 

from the extrentely fine ischiocavernoskis muscle'" 

that inseits on the crus clitoridis. The other strue-

tures related tu the pudendal nerve and listed in Fig. 

1A svere not considere(1 in the prcsent anatomical 

observittions. 

EN G of the peivic iituscies 

'lo facilitate the identification of the suiated 

musties related lo the two nerves, 	recording uf 

the iliocueeygetis, pubococcyg,eus, coceygetts, exter-

na! anal sphineter, and iselducavernosus museles 

viere performed during electrieal stimulaticm of both 

pelvis and pudenda' iicrvcs mear their origin from 

the 1,,—S1  trunk. 

Pelvic nerve cicetrical stimulation elicited contrae- 

A 

Anatomy of 
pelvic qintjhon 

Pt1vic nerve 
olieren, 

r eCer clan 

+ + 
-u 4. 
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4- + 
+ — 
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01? InnzvOrthy L,C.A.,fers, et ol. 
kwestikvl. Brin Res. 
(1965). (19137). 

isctiocavernosus muscle 
ex1, anal sphtneter 
ex t. urelnrat sphoCtCr 
CilferiS 
pertgenifal skin 

Fig. 1, A: sehernatic representation of the origin in fetnale tat of the pelvic and pudenda! Ilerl'eS from the tumbo-sacra' trunk and 

from a brand: of Si . The inset surnmarizes che wat:tures innervated 	the pelvic ganglion based on artatomical evidente, and base(' 
on recording of pelvie nerve afferent activity. Nerves un !eh sitie are shown. B: photograph of variation in the branching of the 
pelvis and pudenda' nerves. Nerves un right sitie (diffetent animal) are shown. See text for ftuther explanation, 
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ig. 2. Lcft and right panels íit low asid high inagnification, respectively, shov•ing the sonlítíornotor branch oí tlic 	ncrvc that 
tpplics thc iliococcygeus and pubiwoceygetis inuscles. 

on of the filio- and pubococcygeits muscles. ,l'he 
.MG activity started approxintately 1 'lis after the 
imulus in both rnuscics. Sectioning the muscular 
rancla of thc nerve abolished EMG activity, while 
:ctioning of the visccro-cutaneous branch clics not. 
he electromyographic components of the pubo-
)ccygeus muscle are less complex than those of the 
:ococcygcus muscle (Fig. 3). The Elsi1G oí thc 
:ocoecygeus muscle consists of a slow wave that is 
Illowed by 4-5 rapicl cornponents. This slow wave 
obtained even at low intensity nerve stimulation 

'ig. 4). 
Pudenda! nerve electrical stimulation produce(' 

)ntraction of the externa' anal sphincter, coccygeus 
aci ischiocavernosus muscles, or movement of the 
¡toral sheath and perineal %Nal'. Thc EMG activity 

the external anal sphincter and the ischiocaver-
)sus muscles appeared approximately 1.5 tus after 
.e stimulus (Fig. 5). Ef the tail was manually 
splaced to the sido contralateral to the nerve, the 
imuiation returned the tai1 tú the midline, although 

il movement was not elicited from a inidline 
arting position. 

Vagina/ nui.scidar activity 
Movements of the orifico and watt of the exponed 

vagina ‘vere visualizad usina the surgical microscope 
dming electrical stiontlation of the two ner ves. 
Pudenda' nerve stimulation produced lateral dis- 

Pelvic Nerve Electrical Stimulation 

EMG 

iliococcygeus 

pubococcygeus 

2 rnsec 
S brriulul. 

Fig. 3. F.N1(i activity in une iliococeygcus and pubooxeygeus 
muscles evokcd bp clectrical stiniulation of thc soniatornotor 
branch of the pclvic tictvc. SectiGning of this branch abotishes 
ibis cvol;cti ENIG activity. 
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Fig. 4. EMG of iliococeygeus in response tu electrical 
stimulation of the pelvic nerve. 

Lee ;111(1v1). it the tail ot the t31 nos 

jo1. 111()111.'d ()11 1111 1111(11111C, 11W elt.v111e;k1 

411 1111' 11ei11(' 11C1Vt.' tiitl 1101 pit1,111UC Inovement of the 

(lit'. 1 hmever, it the tail was inanually displace(' tu 

the contralatcial sitie ul the nerve, the stinutlation 

retui ned the Cali to the midline. Furtherinore, upon 
cutting the pelvie nerve \vid) a scissors (5 additional 

rats), contraction of the t'oil toward the ipsilatei al 

sido vas observe(.1. 
The caudal insertion of the dio- anca pubocoecy-

gens intiseles is surroundet1 1,y conneetive tissue that 

is attached 10 the perítoneal surface of the vaginal 

wall. When contraction of titese inuscles \vas elieited 

by electlical stintulation of the pelvic neive (0.1 ins 
pulses, 5:‹ thieshoid to evuhe att 1211\1(.i response), 

intravaginal pressure, ineasured by balloon, M-

ercasen in propurtion to the Mercase itt pulse 

frequeney (Fig. 6, upper). Pudenda) nerve clectrícal 

stimulation ‘vas observen tu ()cercase intravaginal 

pressure (Fig. 6, lower), 

Sensony 	of ¡itt' pelvic nerve branches 
Electrical activity recorded front the pelvic nerve 

placement of the vaginal orífice ipsilateral to the 
stimulated 'terve, combined witli closure of the anal 
orifico, Pelvis neive stintulation produce(' inedial 
displacement of the middle third of the lateral par( 
of the vaginal wat', observed through the dissecting 
inicroseope, that was positioned over the abdominal 
surgical opening. Similar!),  (o the pudenda) nerve 
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Fig. 5. Electrical stinutlation of the pilliendal nerve produces 
contraction of the exter nal anal sphincter and the ischiocaver• 
nosus tnuscles. Contraction of the coccytteus muscle is also 
produced by ibis stunith:tion. 
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Fig. 	Hecttical stimulation uf the pelvic or pudenda, nerve 
produce an inetease or &crease, respectively, of intravaginal 
prcssure inew.tited by a ti;ttloun piethystnograph. 
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7. Recording froni the pclvic nerve hefore and alter transeetion of iis viscero-ctitanemis branch, 	pclvic nerve response to 
aidline perineal skin stiniulation (A, left) is abolishal alter transection (A, right). although the pelvie nerve response to passive 
ail dispiacentent (I3, left) persists (U, right). 

lear its separation frou the 1.6—S1  trunk was evoked 
y both brushing the skin near the midline between 
he vaginal opening and arios (Fig. 7A, left), 1111(1 by 
nanual displacement of the tau to the side contra-
literal tú the nerve rccording (Fig. 713, left). When 
he viscero-cutancous branch of the petvic nerve was 

cut, the nerve activity clicited by the skin stimulation 
iisappeared (Fig. 7A, right), whereas tliat evoked 
oy tan displacement persisted (Fig. 713, right). When 
3nly the muscular branch of the pclvic nerve svas cut  

and the visccro-cutaneous branch semainecl intact, 
the activity evoked by skin stiniulation persisted. 

lleflex ive activity of the pelvic muscle,s- 
Contraction of the filio- and pubococcygeus mus-

cies was observed during mechanical stiniulation of 
the external genital sensory field of the pudendal and 
pclvic nerves. In order to further characterize this 
effect, EME; recordings of the iliococcygeus, pubo-
coccygeus, and flexor caudae brevís were obtained 

111.1.•111~m~ EMG 

• 

• 
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iliococcygeus 
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min perineal fur-traction: 	 

   

   

Fig, 8. Clitoral stleatit perineal traetion, and/or tiístal vaginal stinntlati9n activares a reflexive tesponse ni tite puboeuceyseus and 

iliococcygeus muscles. 
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9. Pelvic mitsctilature activatek1 reilexively by 	essure applied to the chtorill sheath. 

during mechanical stimulat ion of the (litoral sheath, 
perineal fur, or vagina. "[radio') applied to the 
perineal fur evoked retlex muscular activity of pubo-
and iliococcygeus muscles, but not of flexor caudae 
brevis (Fig. 8). Pressure applied tu the clitoral sheath 
provoked ElvIG activity in the three muscles, par-
ticularly in the pulo- and iliucuccygeus inuscles (Fig. 
9). Stinmlation of the distal portion of the vagina 
with a glass prohe activated the three inuscles (Fig. 
10), although not always the flexor caudae brevis 
(Fig. 11). If the probe tottched the cervix, the 
reflexive muscular activity was inunediatel y abol-
ished (the vaninal wall was still heing stimulated by 

the presence of the prohe), and the muscular activity 

Fig. 10. Getale mechanical stinutiation oí the cervix inhihi(s 
the activity oí pelvie imisetilature provoked 	vagina! stiniu
lation. 

- 

returned upon cessation of the cervical stitnulation 
(Fig. 10). When the probe was removed from the 
vagina the reflexiva muscular activity continued for 
several seconds (Fig. 11), Since the cervical stimu-
lation was applied manuall y with a prohe and the 
pubococcygeus muscle is near the vaginal wall, some 
movement artifacts were frequently present in the 
recordi ngs (e. g. Fig. 11). 

D1SCUSSION 

The pudenda! and pelvic nerves are important 
components of the spinal control of sexual, repro-
ductive and excretory functions. flowever. therc is 
confusion about the anatomy and nontenelature of 
(hese nerves iit lile rat. The pudendal nerve is mos! 
commonly described zis originating from L6—Si spinal 
cord segments2.6.19-3n. Confusion exists rcgarding the 
origin of the pelvie tiente; Greeneu does not 

rnention it, others elaiin that it is a brattell of the 
pudenda! nerve I9  that it emerges from Si  and 8237  or 
that it originales from the 1,6.--S1  trunk2.3°. The 
present 	 observations support previous 
observa tions2." that the pudendal and pelvie nerves 
travel primarily in the L„—S1  trunk. I lowever, this 
trunk has two variations (see Fig. 1), which can help 
tu itet_•ount for individual val iability iti shape and 
location of the receptive field recorded from sume 
lumbar dorsal roots of the rat2'. 

The pelvic nerve, alter its separation from the 
trunk, travels caudally and bifurcates. Chile branch 
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le response persists alter withkliawal of (1k vaginal stintulation. Notiee tiuine ino‘eitient artifach piovoked by lite prObC 
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Insists of 3 buudlcs traveling to the midline uf the 
)dy, the lviscero-cutancous' brunch. Tire other, 
ore compact 'muscular' brancli, traveis caudally 

id then bifurcates. It has beca suggested" that this 
uscular branch innervates only the iliococcygeus 
uscle, however, based un electromyographie re- 
•rdings, we fiad that une of its branclies innervates 
e iliococcygeus muscle and the other branch 
nervates the pubococcygeus ntuscie Recently it 
1S suggested that one of the peivic nerve branches 
rrns caudally and sends branches into muscle and, 
parently terminates in perineal 	Present 
sults indicate that the pelvic nerve brunch that 
rries both vaginal and skin afferents" corresponds 
the viscero-cutaneous branch. 
In summary, the viscero-cutaneous bratich of thc 
lvic nerve receives sensory input from the j'erige,-

tal skin as well as viscera35  and it is also une of the 
ferent pathways from the spinal coal tu the pelvis 

nglia36. The muscular branch of the pelvic nerve 
ovides efferent innervation of the ilio- and pubo-
ceygeus inuscles and conveys sensory activity from 

cm. 
In the female rat, the pudendal nerve distributes 

series of delicate fibers tu the coccygeus 
d the extremely fine ischineavernostis musele:". In 

is study the electrical stinuilation of the pudenda' 
rve caudal to its separation frota the pelvis nerve 
cited contractions of the coccygetts, externa' anal  

sphincter and ischiocavernosus muscles that viere 

corroborated by the EM(i activity of diese intiscles. 
Base(' on anatomical studies, it has been claimed 

that the ischiocavernosus, bulbocavernosus and le-
valor ani muscles are completely involuted in adult 
l'enlate ratsn'. 1 he lumbar spinal cord nrotoneu-
[(mis that Mire' vate t hese museles are smaller and 
fewer in feinale iban in mate rats538.3u. Despite this 
evidence, the ischiocavernosus muscle has beca 
identified and observed tu contract upan eleetrical 
stimulation of the pudendal nerve in adult female 
rats"'. The preseut study in adult female rats 
confirms and extends the latier finding, showing that 
electrical stimulation uf pudenda' nerve stimulates 

activity in the ischiocavernosus muscle. 
The movements oí the orifice and watt of the 

vagina and the intravaginal pressurc changes ob-
serve(' during cleetrical stimulation of the two nerves 
suggest some specific functions of diese nerves itl 

addition tu thosc postulated in copulation and 
parturition35. l'erhaps during copulation the reflex 
activation uf both nerves provokes closure of thc 
anal orifice and opening of the vaginal orifice, 
therehy facilitating pende intromission. The reflex-
ive inovements uf the watt oí the vagina and 
increment and decrement oí the intravaginal pres-
sure may facilítate ejaculation. The contraction uf 

pulo- and coccygeus intiscles may produce a 
rigidity ítird consequently íixation of the perineal 
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\Vali i)1 the 1.1.11EliC r.tt , theiehv tacilitatnw the 

intromission. \Vbeit ejaculation oecurs, the seminal 

plug may stiiutilate the ceivical receptors, pi ovoking 

the itiltibition of the muscular contractions and 

closirig the vaginal orifico. 

Many of the physiological and behavioral adap-

tations serving reproduction iit manunals are initi-

ated hy tactile stimulation, especially in the genital 

region".13• 19.42 . The motonettron cell populations of 

the lumbosacral spinal cord linnervate visceral and 

skelctal muscles svhich control voiding„ dcfecation 

ancl sexual function27.32.33. 'Irle functional intente-

tion hetween these ccll groups has received ntiitirnctl 

attention". The prescitt results, sbowing reflexive 

excitatory and inhibitory F.N1G activity in the ilio-

and pubococcygeus nutscles ciuring mechanical stiin-

ulation of the externa! ami interna! genitalia, inch-

cate an ¡uteraction hctwceu pudenda' and pelvic 

neive function. The inhibitory effect uf cervical 

stiiuulation observe(' in thc present study is consis- 

tent With ()d'er 	 all;112CSIC 

etiCCtS:'2 	 10r cervical inechanwitinuilaiion 

(sec reí 23 lot rcview). The pelvic-pudendal inter-

actions describe(' eleetrophysiologically in the pres-

ent study inav provi(le a useful mudel for studying 

visceral-somatie sensor "'motor relationships. 
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The present study describes several muscular refiexes produced by genital stimulation, the nerves that subserve them, and the visceral and 
postural effects induced by these reflexes. Electrical stimulation of the iliococcygeus (ic) and pubococcygeus (pc) (striated) muscles produced 
movement of the vaginal orifico: and watt, membranous urethra, rail and pelvis. Electrical stimulation of the psoas major (pm) or iliacus (1) 
(striated) muscles produced movements of the lumbar vertebrae and extension of the ipsilateral hindlimb. Sensory mechanostimulation clic-
ited responses of these muscles as follows; stimulation uf the perineal skín, clitoral sheath or distal vagina produced refiex contraction of the 
ic and pc muscles. Stimulation of the cervix produced retlex contraction of the pm and i muscles and also blocked the aboye refiex contrae-
tion of the ic and pc muscles. Both the cervical stimulation-induced blockage of the ic and pc refiex response, and the cervical stimulation-
induced activation of pm and i muscles was prevented by bilateral transection of the viscerocutaneous branch of the pelvic nerve. Based on 
the aboye observations, it is proponed that stimulation of the vaginal surface of the cervix resulting from pende intromission and/or seminal 
plug deposition during mating behavior in the rat may refiexively actívate pm and i, thereby contributing to the hindleg postural rigidity and 
lordotic dorsiflexion that are characteristic of the normal mating posture in female rats. 

INTRODUCTION 

«chile the pelvic musculature undoubtedly plays sig-
nificant role in copulatory and parturitional processes, 
there is little experimental data regarding its participa-
don in these processes and the related genital reflexes. 

The striated ilio- (ic) and pubococcygeus (pc) muscles 
of the rat, which are innervated by rnotoneurons local-
ized in several nuclei of lamina IX in the lumbosacral 
transition zone of the spinal coi-d i7.24, are activated re-
flexively by mechanostimulation of the clitoral sheath, 
perineum or lower vagina". Gentle cervical mechanos-
timulation blocks Chis reflexive activation". Electrical 
stimulation of the 'motor' branch of the pelvic nerve, 
which innervates these muscles, Mercases intravaginal 
pressure". Although these muscles have a skeletal ori-
gin and insertion3*" they are also attached to the in-
traabdominal sudare of the vaginal wall vía connective 
tissue", This anatotnical feature could account for 
changes in vaginal pressure that are produced by con-
traction of these skeletal muscles. 

Nlechanical stimulation of the upper vagina and cer- 

vix in urethane-anesthetized, periparturient rats evokes 
the letus expulsion refiex' by increasing intraabdominal 
pressure through refiex contraction of unspecified ab-
dominal musculature and the díaphragm". Thus, it 
seems that cervical stimulation evokes in the abdominal 
muscles an effect (activating) different from that ob-
tained in ic-pc muscles (blocking of, reflexive activa-
tion)". The psoas major (pm) and iliacus (i) muscles are 
abdominal muscles that could panicipate in genital re-
flexes. 

Therefore, in the present study we analyz.ed the fol-
lowing processes: nature of the ic-pc and pm-i muscle 
reflexive activity evoked by genital stimulation, the pri-
mary afferent pathways mediating the aboye mentioned 
muscle response, and the visceral and sornatic effects of 
contraction of these muscles. 

MATERIA Ls AND METHODS 

Urethane-  anesthetized (1.6 g./kg in aqueous 20% sOlution by 
weig.ht i.p.) Sprague-Dawley rats. (250-300 g) were' usen.. The 
study utilized 20.  intact virgin fetimles. During the experiment, 
s.upplemental doses of urethane were adminiStered 	neeessary and 
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al the eitci 01 the c\pctitnent the ;imolai% \..eie elilhanw:LI w i th ;Hl  
i.v. overclose uf urethane. The aninints wele innintained in a su• 
Fine position for the dirtation of the exper inient. Atter a midline 
ventral abdominal watt incision, the viseeta weie calefully displaced 
from the ic-pc and pm-i talltieles, All víscera and exposed ristre 

Viere kept raoitit With WailI1 	ti()ItItiOn. Paírti of stairiless steel 
wites (O. t tunt dianteter) were insetted luto the inuseles and pre-
pared for gross electroinyographic (ENI(i) recordings or electrical 
stimulation. The ErsIG signals were aniplitied hy GRASS .11F.3 wide-

batid AC preampliticrs, displayed on a TEKTRONIX 561 storage 
CRO and photograplied. Since the LINK; was compoNed of floten-
tials of different ainplittide (see Fig. I), our analysis was base(' only 
on the presence Or the absence of activity, Muscles \vele eleetri-
rally stimulated with 0.1 iris square wave pulses at 0.5-100 11z and 
variable intensities (up lo 30 V) that were inodulated by the con-
traction response. Pulses were clelivered through a GRASS S1U-1 
stimulus isolation unit activated hy a GRASS S.18 stimulator. Cate 

was taken tu avoid displaccinent of the clectrodes. 
Dissections were performcd on 3 rats in order to corrk)borate the 

origin, course, and insertion of the ic-pe and pin-i nurseles".9. De-
tailed mieroseopic nnalysis of the inembranorts medita and tittl•-
rounding tissue was pedornied itt two rats with the use of a Zeiss 
dissccting microscope. It was corroborated that the ic-pc muscles 
have their origin in the innorninate bone of the pelvis and their in-
sertion in caudal vertebrae Ca l -Cal, (ser Fig. 8). Near the ventro-
medial surface of the pubis bone, libers from both muscles sprend 
out from the pelvic cavity to insert ulong the diapophyses of the 
proximal tail via lleshy insertions or by mearas of small fascia 
strands3. It was also observed that before and near their caudal in-
sertion the two muscles are surrounded by abundant connective 
tissuc that is attached to thc peritoneal surface uf the vagina! wall. 
Fibers that comprisc the inedial border of the pc muscle are tubo 
attached through connective tissue (o the peritoneal surface of the 
membranous urethra. 

Thc pm-i muscles are two of the 4 striated muscles that forrn the 
dorsal abdominal watt. In agrecntcut with previons observations", 
the origin of the pm muscle is on the boches and ventral surface of 
the transverso processes of vertebrae 1...2-1,6. Tire origin of the i 
muscle is on the transvcrse processes of the vertebrae 1..5-1.6  and 
part of the vertebral surface of the ilium. The insertion of diese 
muscles is on the lesser trochanter of the [(num via a long tentlon 
(see Fig. 8). 

200ms e c 
Fig. 1. Electrotnyograph (EMG) of the pubococcygeus (pc) muscle 
during genital stimulation. hiere was no spontaneous EMG activ-
ity in the pc ilititiCIC. 011C second of probing thc dista! vagina 
cvoked EMG activity that ceased immediately aftcr the probe was 
withdrawn (in all cases the 'during* trace was continuous with the 
'alter' trace). One second of traction applicd to either the clitoral 
sheath or the perineal skin evokcd ara ENIG response that persisted 
after cessation of the stimulation (i.e. afterdischargc). 
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the ic-¡ic and ¡1l/t-i nitr.vcie.s 

Direct clectiical stinitilatilm (II 	t)r Itc, tow.;cles 

produced ipsilateral ittovement lyi the m.ilice and wall 0( 

the vagina. Conttaction of thew museles moved the tail 

towauls the midline \\len  it was placed contralateral ttt 
the stimulateLl sido. N() tail inoyeinent \vas elicited by 
electrical mi:unido') uf the ic or pc muscles when, the  

initial position of the tail \vas at thc tindline. 17.1ectrical 
stimulation of the ic or pc muscles elieited pelvic thrust- 

following the stimulation liequeney. The vigor of 

pelvic tuovements increased in direct relation to the 
pulse frequency. Stimulation of the pe muscle ;liso pa)-
duced movement uf the menibranous «retina. 

Unilateral electrical stimulation of the pm or i inus-
cies produced movement of the lumbar vertebrae and 
extension of the ipsilatcral 	 effect was 
most readily observed when the pelvis \vas lield in a 
fixed position. In all the aboye observations, the iras 
were supiste. 

Effects of stimulation of genital arras 
Mechanostimuiation of the perineal skin, clitoral 

sheath or lower vagina elicited rellexive EMCi activity in 
the ic and pc muscles. Aftcrdiscltarge (Le. EMG activity 
persisting bcyon(1 the cessation of sensory stimulation) 

occurred in response to stimulation of the perineum or 
clitoral sheath, knut nos distal vagina (Fig. 1) and was re-
lated to thc stimulus duration (Fig. 2). 

Whercas thc aboye stimuli liad no observable effect 

un the EMG of the pm and i muscles, when the intrav-
aginal probe tottchecl the cervix, diese muscles became 
sttongly activated (Fig. 3). This stimulus did nos induce 
afterdischarge. Ilowever, when the cervical stimulation 
was repeated severa! times in succession (stimulation 
'un' 2 s, 'off' 2 s) a post-stimulation afterdischarge was 

EMG of pubococcygeus muscle 

clitoral slimulution 
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Fig. 2. Traction applicd tu the. perineal skin or clitoral sheath 
evoked EMG activity of the pe muscle that persisted as a post-
stimulation afterdischarge. Tire duration of the a fterdischarge was 
positivcty retraed lo the daration of the stiintihttion. Stiluttluts clit-
ration is indicated by the bar; bel," the tuaet.", 
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Fig. 3. EMG of the iliacus (i) muscle during vaginal and cervical 
stimulation (traces shows in imrnediate succession). Although me-
chanical probing of the dista' vagina did not affect the EMG ac-
tívity of the i muscle, an EMG response was observed when the 
probe touched the cervix. Upper and lower trace of each panel: 
before and during cervical touch, respectively. In the bottom trace, 
note the absence of afterdischarge. 
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lower vagina 
clitoral sheath 
perineal skin 

Fin. 5. Schematic diagram of the nerves and branches that were 
transected in the present study. A: the genitofernoral nerves were 
transecteci just caudal to the aorta! bifurcation. 13: the viscerocuta-
neous branch of the pelvic nerve was transected al the leve' of the 
inedia' side of the internal iliac vein. C: the pudenda! nerve was 
transected 5 mm caudal to the bifurcation of the 1,6-S1  trunk. "Re 
afferent relationships of the 3 nerves1.434-16."-21  are Usted. 

pm-i muscles, bilateral transections of the visceractitane-
ous branch of the pelvic3:2°, the pudenda!, or the genit-
ofemoral nerves was perforrned (Fig. 

Fig. 6, which is representative of 3 animals, shows that 
cervical stimulation activated the i , muscle and blocked 

probe in 
vagina 

touch 
cervix 

I 100» V 

induced in the pm and i muscles (Fig. 4). ,In nono of 
these 4 muscles in which EMG was recorded~ was any 
4spontaneous' EMG activity observed. 

Nerves tnediating the ie-pc and pm-i mas& reflexes 
To ascertain the role of the innervation of the exter- 

na! genitalia14-16  in the reflex contraction of the ic-pc and 

psoas major ,muscie 

probe in—Jtouchl 	 
vogina 	cervix 

. 
Mg. 4  Cervical probing produced a strong EMG activation of the 
pm muscle. The first cervical stimulation (at O) evoked EMG ac-
tivity of the pm musele, without an afterdischarge. When the cer-
vical stimulation \vas repeated severai times in succession (tirau-
lation "un' 2 s, `off* 2 s), a post-stimulation afterdischatg,: w.as 
observed. The afterdischarge duration was pcmitively relatad to the 
nurnber ()f.  times (3 par 5) that the cervix was stinutlated. 

Fig, 6. Bilateral transecrion of pudenda! and gerthofemoral ncrves 
t fe re nl iatty blocked pc reflex contraction inchtced by cliwral stim-

ulatiou hut not i 1111t ,lek Contraction induced by ccriical stimula-
don. 
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7, Bilateral transection of the viscerocutoneous brancli of 

nerve completely abolished thc inhibitory cffect of cervical stiin-
ulation on ic inuscle contraction induced by entono! traction. 
latera) transeciion e xerved only a portiol eftect. 

the activation of the pc 111t1SCIC, that was evoked by cli-
toral stimulation. Combined bilateral pudenda! and gen-

itofemoral transection abolished the pe muscle activation 
that was evoked by (litoral stimulation, but (lid not af-
fect the i muscle activation evoked by cervical stimula-
tion. M'ese effects were restricted tu the time of stimu-
lus application. Bilateral transcction of cither the 
pudenda' or the genitofemoral nerves (but not both) did 
not block the pc muscle activador' that was produced by 
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t.ho\vit in l'ir,. 7, Iliiateval trati.,ection of the vi!,-

cevocutaite(itis branch of the pelvic nerve abolished the i 

nvircle response that was evoked by cervical stimulation, 
vilereas unilateral neurectolny produced ( )n'y a  pa r tía ' 

elTect. The Hl:Itera,' iransection akt) aholished the hiock-

íng effect c.)f cervical stimulation on the h.,-  and pc inuscle 

response. Thcse effects were observed itt eacli of 4 ani-

mak. 

D1S(.'USSION 

Fig. 8 suminarizes the possihlc rellexive pathways in-

volved in the present study and schematizes the Origin 

and insertion of t'u.- 4 muscles studied. 
The mese:a findings denvonstrate diticrences between 

the llis1(.3 of the peivie !loor (inhibited) and the hindliinb 
(activated) in response to the same cervical stimulus. \Ve 

have showo that cervical stimulation, which aliso evukes 
contraction of oilver abdominal and diaphragmatie mos- 

elicits rellexive contractions of the 'postular pm 
and i muscles but abolishes the rellexive contractions of 
the ic and pe inuscles produced by perineal stimulation. 
Therefore, cervical stimulation probably produces exci-

tatory effects upan mototteurons itittervaiing the Pila, 

and other abdominal and diaphragin muscles, and inhib-
its those motoneurons involved in the rellex activatiou 

of the ic and pe muscles. 
Repeated vaginal-cervical stimulation clicited sensiti-

zation of the rellexive afterdiseharge of the prn and 
muscles (Fig. ¿1). This effect is in accord with the s'IR!),  

by Berkley et al. i  that clearly shows the scnsitizatiou of 

pelvic nerve afferents with repente(' applications of cer-

vical pressure. 
The present findings sug,gest dvat the pm and i inuscle 

rellex responses to cervical stimulation are involvecl itt 

the lordosis posture of fecharle copulation. Cervical stim-
'dation produces hindleg extension and inunobility12 '13. 

Our results indicate that hindleg extension is due in pm( 

to the rellex contraction of the pm and i muscles induce(' 

by cervical stimulation. Therefore, it appears likely that 
thc prolongador' 811(1 exaggeration of thc lordotic pos-

ture response21-23  observed in fernale rats following in-

tromissions and ejaculations6'" or seminal p!ug clepo-

sition1839  '25  is medtated in pan through the responses of 
the pm-i muscles tu cervical stitnulation. 'Fltese effects 
also could facilitate withdrawal of the ponis from the va-
gina after ejaeulation, thereby heiping to avoid dislodge-
mem of the copulatory plug2.19.75. 'Fransection uf the pel-
vic ¡luye, which through its cervical innervation is 
involved in the pm and i response, also shortens the du-
ration of lordosis and immobility6. 

11 has lleco suggested diat itl peripnittitient rat%, var,- 

(s 
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inai distension produce(' by the fetos facilitates deliverv 
by increasing intraabdominal pressure through contrac-

tion of the abdominal muKeles and diaphragin". It is 
possible that pm and i response is also involved in the 
proccss of parturition. These muscles, whose 	is 011 
the bodies and transverse processcs of vertebrae 

(see Fig. 8), participate in the 'bearing 	move- 
ments Observad durini expulsion bv producing rigid 

hindleg extension and by pulling down on the lumbar 
vertebrae. The findings that bilateral, but not unilateral, 
neurectomy of the pelvic nerve prolongs the delivery 

processw31  and that a similar surgical procedure blocks 
pm and i reflex contractions induce(' bv cervical stimu-
lation (present study) supports the idea that the pm and 
i muscles normally participate in parturition. 

Bilateral nettrectorny of the viscerocutaneous brand] 

of the pelvic nerve eliminates the blocking effect of cer-
vical stimulation un the reflexive contractions of the ic-
pc. Contraction of these muscles may prevent the pas-
sage of the fetus through the birth canal since iheir 
contraction increases intravaginal pressure20, thus creat- 
Me. a 'bottletrecki. 	ibottlenecki effect may be pre- 
vented by the inhibition exerted un these muscles by the 

head of the fetus stimulating the cervix. This normal in-
hibitory effect would dilate the vaginal canal. It appears 
likely that. pelvic nerve transection also impedes partu-
ritiori by preventing thc occurrence of this cervical stim-
ulation-inducecl inhibitory effect un the ic and pc mus-
cies. 

The investrnent of connective tissue both in the ic-pc  

iliusele; and the 1)1..1- notica' suilace oí the vaginal wall 
111'c}1 idos a strUCtUral aMitigCMCIlt that could al:C.0111U fOi• 

thc increase of intravaginal pressure that oecurs durith; 
contraction of the ic-pc muscles''). In the present studv, 
the connective tíssue invested in the pc musele was al o 

obser ved to Invest in the peritoneal surface of the mem-
branous urethra. Recently it was shown in feinale rats 

that gcntic rhythmic mechanical SffilltIlati011 of the tire-
thra elicits thc 'coitus reliex', svhich consists uf regular, 
rhythmic bursts of activity in the pudendal nerve motor 
branch and the cavernous nerve, and rhythmic move-
ments of the vagina, lending to increases in vaginal pres-
sure'. It i5 possible that clitoral sheath traction could tu 

SO111C extent stimulate also the urethral bulb, thcrebv 
eliciting ic-pc muscular reflex contraction. It is tempting 
tu speculate that as a consequence of the connectíve tis-

sue junction between these skeletal muscles and the va-
gina and urethra, sensory receptora in diese muscles 
and/or connective tissue could be indirectly stimulated 

bv vaginal and/or urethral distention or alternatively, 
contractions of diese muscles could exert traction cm the 

urethra! bulb. Consequent afferent activity from, and/or 
reflex contraction of, d'ese skeletz.t1 tuuscles coutd con-
tribute to copulatory and/or micturition reflexes. 
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LUCIO, R. A., J. MANZO, M. MARTÍNEZ-GÓMEZ, B. D. SACHS AND P. PACHECO. Participation pelvie nem branehes 
in male rat eopulatory behavior. PHYSIOL BEHA V 55(2) 241-246,1994.—The role of the pelvic nene branches in the mediation 
of copulatory behavior was investigated. The somatomotor or the viscerocutaneous branch of the pelvic nerve was bilaterally 
sectioned in sexually experienced male rats. Sornatomotor branch surgery had no detectahle elfect. Viscerocutaneous branch 
transcction altered copulatorv paratrieters that rellect impairments in pcnilc erection and seminal plug emission. The altered 
behavioral parameters approached or reached presurgical and sham values 21 days alter transection, indicating that the damage 
to erectile and ejaculatory function was transient. It is suggt..sted that animals with viscerocutaneous branch transection recover 
copulatory etticiency through a compensatory plastic mechanism, possibly involving the hypogastric nerve. 

Copulatory behavior 	Penile erection 
	

Ejaculation 	Seminal plug 	Pelvic nerve 	Hypogastric nerve 
Plasticity 	Nerve injury 

IN rats the pelvic nerve (PvN) intermingles with the hypogastric 
nerve in the majar pelvic ganglion. forming the pelvic plexus 
(15,26). The PvN controls pelvis organs related to the reflex 
functions of micturition and defecation (32) through both sym-
pathetic and parasyrnpathetic autonomic libes (14). In male 
(22), as in female rats (24), the PvN has two branches, the vis-
cerocutaneous (VC) and the somatomotor (SM). In males, the 
VC is composed of axons that carry efferent innervation to the 
mujer pelvic ganglion (14) and afferent innervation from the 
urinary bladder (21,22), and from scrotal and perianal skin (22). 
As in females (24), the SM branch in males (22) has sensory and 
motor axons that innervate the iliococcygeus and pubococcygeus 
muscles. 

On the basis of physiological and behavíoral studies (19.25), 
the PvN is well known to be involved in female rnating behavior 
(and other reproduetive functions), and physiological studies 
have implicated the PvN in erectile function of rats (6,27) as 
well as humans (7), However. only ene stucly has explored PvN 
participation irr male rat copulatorv behavior (20). and the au-
thors carne to the unexpected conclusion that bilateral 
transection does not interfere with the mechanism for the in-
duction or maintenance of erection or with the expression of 
normal mating behavior. Considering the structural and l'une-
tional complexity of the PvN and its previous implication in the  

process of erection, it is ditficult te u nderstand why its transection 
did not alter rnating behavior (20). 

In the present study, we discovered majar, but transient, im-
pairments in copulatory and ejaculatory function in mts with 
bilateral transection of the PvN VC branches. The copulatory 
deficits were attributable to impaired erectile function. Tran-
section of' the SM branch was without apparent effect. 

MET liOD 

Silbjects 

Sexually experienced male Wistar rats, weighing 300-350 g, 
viere randoinly assigned tu live groups: a) PvN SM branch bi- 
lateralty sectioned (Exp 1, o -- 13); b) Sham 	(Sh 1. o = 5) 
anirnals: e) PvN VC branch bilaterally sectioned (Exp 2, = 
17); d) Sham VC (Sh 2,a ---- 6) rats; and e) males used te dislodge 
seminal plug from vagina asee the following paragraphs). 

Rats were housed in plztstic eliges (50 	3() < 20 cm) con- 
taining wood chip bedding, commercial pelleted rodent show, 
and water ad lib. Cages were placed in a room maintained at 
24°C, and L.D 12:12 light schedule, lights en at 2200 h. 

Siirgery 

Nerve transections viere carried out under sodiurn penco-
barbita! anesthesia (26 mg/kg IP). PvN branches were sectioned 

Requests for reprintsshould be addressed tu Pablo Pacheco. Centro de Investsgaviones VisiolOyicas. Universidad Autónoma de Tlaxcala. A P 262 
Tlaxcala. Tia'.. 90000, NIéNico, 
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as describe(' elsewhere (24). Brielly, afier an extensivo ventral 
abdominal íncision, branehes Wat! 10Cated 	they cross die 
internal iliac vessels. The Ve travels more laterally that) the SM 
branch. To avoí(1 regenerada), a 5 ni ni nonio') oí the nerve was 
extractad. During sharn surgery the branch was dissected and 
hooked hut not cut. Ilecause V(' Imane!) bilateral transection 
interreres with inicturition, the hladder was mantially expressed 
dure times daity alter surgery. This procedure, plus eareful sur-
gery that prevented bladder wall bleeding, allowed all animals 
tú remain hcalthy. Al the end of (he study the animals were 
decply anesthelize(l, and the brand) transections were confirmed 
before the rats were sacrifieed ;vid) an overdose ()I' pen toba ibi tal. 
The postmortem eXaMillatiOn of' all thc a:M111)1s with :terve 
transcclions revealed no evidence of regenerado:). 

A lining Tesis 
Two consecutive ejaculatory series (1, 11) of a mating test 

were conducted on days 11, 8, 5, and 2 before surgery and days 
3, 6, 9, 12, 15, 18, and 21 alter surgery. These tests were con-
dueted during the hist Unid of the dark period. Ariel' a 5 min 
adaptation in a Plexiglas cylinder arena (50 cm high X 5(1 cm 
diameter), a receptive ovarieetomized rat (injected with 10 mg 
estradiol benzoato and 2 mg progeslerone, 48 and 4 h before 
test, respectively) was placed with the mate. Al ibis moment the 
first ejaculalory series bogan. 

1f an intromission pallen] occurred, testing continued for 30 
min or until the cjaculatory ¡mateo appeared. \Vithdut an in-
tromission pattern, the test was stoppcd alter 15 min. When an 
ejaculalory pallen) was observed, the feinale was immediately 
shifted to another arena. This arena, which liad a block 'loor 
with no bedding material, was already occupied by a mate used 
tú dislodge the seminal plug, if any, from thc vagina. Plugs are 
generally clislodgeel within duce to six intromissions (23). To 
prevent ejactilation, males used for this proccdute were limited 
to tour intromissions, and females were introduce(' lo a second 
mate if it was necessary. 1f no plug was dislodgcd within eight 
intromissionS, then it was assumed that none was present. Plugs 
obtained were immediately weighed. Five minutes after the test 
mate showed the ejaculalory pattern, the (emule was returned 
to thc first arena, and thc secan(' ejaculatory series test was begun. 
The same criteria for test termination were used for the second 
ejaculatory series. 

Parameters scored during mating were series duration (total 
time of test), mount latency, total nuinher of' inounts (N hl), 
intromission latency, total number of intromissions (NI), ejac-
ulatory pattern latency, and seminal plug weight (2). From diese 
measures we calculated number of mounts per minuto, number 
oí intromissions per m'imite, intromission ratio INI/(Ntvl 1 NI)), 
percentage of males shosving ejaculatory patterns, and percentage 
of males with seminal plugs. 

Slatistics 

Results that are presenta! as ineans ± SEkl, were analyzed 
with analyses of variance (ANOVA) for repeated ineasures, fol-
lowed by the Tukey Test for significant differences between shas) 
and experimental males. Thcse statistics reflect only those males 
that showed ejaculatory patterns (see Fig. 6). Data prescnted as 
percentages (see Fig. 6) were analyzed with the Fisher cxact 
probability test, and compared sham vs. experimental males. 
Significant changos are shown with asterísks: *p < 0.05 and **p 
< 0.01. 

IZ I Stil .IS 

During presurgery tests in both series, 100% of males 	= 
41) displayed ejaculatory pattcrns. After surgery, aninials with  

hilaterally transeeted 1>vN SN1 Inane') (1:\p 	piewnted no pa- 
rameters significantly dillerent(iota) those ()khan) (SI) 1) animals 
(data not shown). 

Alter surgery, animals villa bilateral sectioning uf-  the PvN 
branch (Exp 2) showed changes in most mea5aires oí co-

pulada:, Thus, as comparecí with sham (SI) 2) animals, the total 
numher of mounts (Fig. 1) of hall ejaculatory series avara sig- 

nifica:10y inereased by surgery [series 1: Et I. 2 1) 	8.49, p < 

0.01; series II: l( 1, 21) 	6.88. ¡' < 0,05). Also, Ibis parameler 
showed signifieant chante over the course uf postsurgery testing 

[series 1: R6, 126) 	7.89, p < 0.005: series 11: P'(6. 12(x) 	8.67. 
p < 0.0051. The surgery-test interactiun was almo significant [se- 
ries 1: /-(6, 126) 	2.42. p < 0.05; series 11: E(6, 1 26) 	2.89, p 

< 0.01). However, post lioc (Tukey test) analyses for both ejac-
tilatory series showed a significant surgery elfeet only un day 3 
postsurgery (Fig. 1). 

1.sL Series 

DAYS 
= p «). 0 1 

FIG. 1. Total number of mounts during pie- ami postsurgery tests oí 
two consecutive ejaculalory series. As compared with shain (Sh 2) animals, 
in Exp 2 this paraineter was significantly inetcaset1 un day 3 alter bilateral 
sed ioning of the pelvic nerve visccuncutancous hranch. Sh 2 pi 	())., 
Fxp 2 (o. 	11, ¡) 	13, e 	16, otherwise n 	17). In ah figures bol 
ami 7 the meaning 	the asterisks are in relation with post !loe Tukey 
test analyses. 

O S 11 2 
A Exp 2 
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The intromission lateney (Fig. 2) appeared tu he higher for 
Exp 2 males in both ejaculatory series during the tirst duce tests 
alter surgery.11owever, ANOVA's did not revela reliable elianges 
in this measure. 

The A NOVAs for the total number oí intromissions (Fig. 3) 
revealed a significant elreet oí surgery [series!: 1(1, 21) 	10.12, 
p < 0.005; series 11: F(I , 21) = 12.60, p 	0.005]. There was no 
main elfeet oí tests for this measure, !out the surgery-test inter-
action was reliable [series 1: F(6, 126) - 3.85; series 11: F(6, 126) 
= 3.02, p < 0.011. Tukey tests revealed that the number of in-
tromissions for Exp 2 was significantly decreased on days 3 and 
6 in series 1 and on day 3 and 9 in series 11. 

As shown in Fig. 4, the number of intromissions per minuto 
was also temporarily reduced by PvN VC transection [series 1: 
17(1, 21) 	12.42, p <0.001; series II: F(1, 21) = 6.16, p < 0.051. 
There was a reliable change across tests for this parameter [series 
1: F(6, 126) = 4.63, p < 0.001; series 11: F(6, 126) = 4.99, p < 
0.0011, but the surgery-test interaction were significara only for 
the sccond series, F(6, 126) = 2.24, p < 0.05. Post hoc eom- 

1st, Series 

200 

150 

2nd Series 

 VA 

D A Y S 
	

o Sh 2 
Exp 2 

FIG. 2. Intrornission latency during pre- and postsuryery tests of tuvo 
r.:onseeutive elaculatory series. The apparent differenee between groups 

ts not reliable for any postsurgery test. Sh 2 (u - 	ET.‘p 2 (ct — 11, 3 
13. c = 16, other‘vise n - 17). 

2nd Series 
12 

6 

3 

O 

FIG. 3. Total number of intromissions during pre- and postsurgery tests 
of tuvo consecutiva ejaeulatoty series. After surgery, Exp 2 animals showed 
a decrement Mich was significant on days 3, 6, and 9. Sh 2 (n = 6); Exp 
2 (a. - 11, /.3 = 13, t = 16, othenvise n = 17). 

ñ 
3 

parisons showed a significant decrement in both series only for 
day 3 postsurgery. 

The intromission ratios, which rellect erectile function. were 
reliably but transiently reduced (Fig. 5). Thus, the effeets of sur-
gery [sedes 1: F(1. 21) = 28.15.p < 0.001; series II: F(1, 21) =-
20.94. p < 0.0011, tests [series 1: F(6, 126) = 8.89. p < 0.001; 
seriesil: F(6, 126) = 8.68, p < 0.001], and the interaction between 
surgery and tests [series F(6. 126) = 2.50, p < 0.05: series 11: 
F(6, 126) = 2.74, p < 0.051 were significant. Post hoc Tukey 
tests of this measure indicated significan' deerements for Exp 2 
males on days 3 and 6 of series1 ami on day 3 of series H (Fig. 5). 

As shown in Fig. 6, the percentages of males depositing sem-
inal plugs «ere reduced in most postsurgery tests, although Fisher 
exact probability test indicated a reliable group difrerence only • 
on day 18 of series 1 and on days 9 and 18 of series II. The figure 
also shows that the percentage of males displaying the ejaculatory 
pattern was not significantly reduced by PvN VC transection. 

Figure 7 presents means SEN1 of seminal plug \x.eit)lt for 
series 1 and II. ANOVA revealed that only in the second series, 
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postsurgery tests ()l'hm consecutive ejaeulatory series. After su rgcry, Exp 
2 rnale rats showed a deerement which wassignitleant on day 3. Sh 2(n 

()); Exp 2 ((y = II, Í = 13, 	16, otherwise n == 17). 

surgcry caused a signilicant reduction in plug weight, F(1, 21) 
8,23, p < 0.01. iz-values for tests and interaetion of surgery- 

tests were not reliable 	Ibis meastire. 

DISCUSSION 

lo eontrast with the earlier work of Loddcr and Zcilinaker 
(20), the results of the present study show that pelvie nerve tran-
seetion transiently altas copulatory behavior in a way that re-
flects apparent changes in penile ercetion and ejaculatory tune-
tion. Titus, PvN VC branch transection produeed inerements 
in the intromission Iatcncy and the total number of mounts, 
and deerements in the total munber ofintromissions, intromis-
sion ratio, percentage of cjaculalions with plug, and weight oí 
seminal plugs. These delicits were expected on the oasis of pre-
vious anatomical and physiological studies (9,10), and they can-
not he attributed lo traumatie elfeets of surp,ery: shain males 
and those with l'vN SM hranehes transected experieneed similar 
surgical trauma without apparent cifect. Our diseussion, there-
fore, focuses on compensatory meehanisms underlying the rapid 
recovcry of funclion after VC branch seetion. 

1 	 iS !IellY:1111'e 111 Ilei11111e111`, that 111leeP, 

111111e'S ereetile 	 131. 	 (31)). 111e 

siltltilicant re(Itlelir/11 hl Ibis ratio alter secligli ()filme VC branehes, 

as \ven íts the inetement in the nunther of 111001115 and the in- 
tuomission Iatency and the reduetion 1111 die iiiiinher 	11111.0- 
ntission5 	 imply interTerence ‘sitli ineehanisins 01' 
ereetion. "the recovery ilt t hese para ineters ritay be u ridersiood 

in light oí receta observations of Dan et al. (9), svho have de-

serihed rearranged synaptie connections within the autonomic 
pelvie ganglion afta clenervation, Dail cl al. (10) found that 
stimulation uf the itypogastrie nerve luid 110 elfeet 	ilie eav- 
ernotts pressu re of inale ra ts whose 	nerves hall 'leen tran- 

seeted ‘vithin the preeeding 24 h. Ilowever, heginning 3 days 
alter pelvie nerve seetion, and Ibr al least 3 nionths alter that. 

I1Y1)01.Zastric nerve stilutlial ion reliahly hwreased ea vertions pues-
sute. The authors suggcsted that the reinnervation in the peivic 
plexus 'pay itivolve the sprouting of hypogast rie nerve (crin inals. 
\Ve propuse that 21 clays atter surgcry in the present study, the 
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ulation oí the pelvis and/or hypogastric nerve (33). So, as is 
already well established, sympathetic fibers play an important 
role in the mechanisms fiar seminal discharge. The PvN carnes 
a significant nurnber of sympathetie as well as parasympathetie 
fibers (14) that supply ¡post of the neurons of the main penile 
nerve, the major autonomic source to the corpus spongiosum 
and bulbourethral glands (8). These fibers that travel in the PvN 
VC branch probably play an important role in seminal emission. 
1-lowever, further analyses are necessary to support this inter-
pretation. 
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VC nerve-transected animals recovered copulatory efficiency 
through a similar cornpensatory plastic mechanisrn. 

In other species [cat (1), rhesus monkeys (13), rat (17)1, genital 
deaftrentation provokes aberrant mounting behavior, probably 
by interference with tactile sensation. In our study, although the 
PvN •VC innervates perianal skin and the glabrous skin of the 
scrotum (22), no aberrant•mounts were observed .after its tran-
section. The tactile sensations of this aren probably are related 
to defecation functions but not to reproductive aetivities. How-
ever, VC brancWenenrated animals presented throughout the 
study an increment in the total number of mounts (Fig. 1) and 
number of mounts per minute (data not presented). This jure-

. ment in mounting should not be viewed as an increase in sexual • 
motivation, but rather to the failure of erection, and, hence, to 
the absence, of the brief refractoriness induced by each intro-
mission (4,5,11,12,16,31). Thus, when a normal male rat is pre-
vented from intromitting by oecluding the vagina of the stimulus 
remate, then mounts are more frequent (11). Furthermore. in-
complete penile erection dueto pudenda! neme sectioning pro-
vokes a similar tnounting increment (29). 

PvN VC transection also produced a reduction in the weight 
of seminal plugs, which was more noticeable in the second series, 
and in percentage of males delivering a plug (see Figs. 6 and 7). 
These etlects mav rellect that autonomic fibers projecting to 
structures that participate in seminal ernission travel not only 
via the hypogastric nene (18) but also via the VC branch of the 
PvN, In this regard it is important to emphasize that the pelvis 
nerve carnes a significant nurnber oí pre.: and postganglionic 
sympathetic as well as parasympathetic libers (14). According 
to 13acq (3), after syrnpathetic clenervation of the genital organs, 
rats and guinea pigs do not produce seminal discharge. Root 
and Bard (28) described that caes did not presilla :seminal dis-
charge alter abdominal sympathetic chain lesions that included 
the inferior mesenterie ganglia. In dogs, prostatic contractions 
in the resting state at rest can be o'tained with electrical stim- 
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The European rabbit (Oryctolagus cuniculus) continuos to play 

an important role in the study of mammalian reproductivo function. 

This is due in part to its suitability as a laboratory animal, and 

in part to its renowned reproductive capacity. This capacity is 

based on a number of specializations which not only provide a 

particularly good opportunity for the study of reproductive 

processes, but also malee an interesting contrast to the rat and 

cat two other well-studied laboratory species- from a functional 

and anatomical point of view (Greene, 1968; Hebel and Stromberg, 

1986; Crouch and Lackey, 1969; Martin et al., 1974). 

Several behavioral and physiological specializations are of 

particular relevance to the present study. The rabbit is an 

induced ovulator (Ramírez and Lin Soufi, 1994), and ono 

intromission by the male accompanied by a brief series of rapid 

pelvic thrusts is sufficient to ensure ejaculation, ovulation and 

pregnancy (Soto et al., 1984; Ramírez and Lin Soufi, 1994; own 

observations). The doe normally gives birth in a separate nursery 

burrow, and presumably to avoid predation (Hudson and Distel, 

1982; 1989), but also because the umbilical cord usually ruptures 

in the long vagina, the pups are excelled in rapid succession. In 

domestic breeds, the birth of as many as 14 pups is achieved 

within 10 to 15min (Fuchs and Darwood, 1980; Hudson et al., 1995). 

In addition, chemical communication plays and important part 

in the rabbit's reproductive behavior (Mykytowycz, 1972; Boll, 

1980; Hudson and Distel, in press). In bozh sexes, orine, feces, 

and secretions rrom at least three sets of glands in the pelvic 

area - the anal, the inguinal, and in the malo, the prenutial 



glands (Coujard, 1947; Montagna, 1950; Kiihnel, L971; Holtz and 

Foote, 1978)- all appear to have specific communicatory functions. 

Given the rabbit's well-established position in the 

reproductive literature, it is surprising that no comprehensive 

description of pelvis anatomy - available for this species. 

Although the early studies of Larigley and Anderson (1896a,b) 

provide valuable information on the innervation, and the books by 

Barone et al. (1973) and Popesko (1979) include good general 

descriptions, none of these authors describe the innervation and 

musculature of the vaginal tract in the detail necessary for 

understanding its various functions. 

It is therefore the purpose of this study to extend these 

reports by giving a more detailed description of structures 

associated with the vaginal tract and to consider their posible 

contribution to the rabbit's remarkable reproductive efficiency. 



MATER1ALS AND METHODS 

Animals 

A total of eight sexually inature, virgin, chinchilla-breed 

female rabbits weighing between 3.0 and 3.5 kg was used. They were 

individually housed in the Tlaxcala colony and maintained under LD 

16:8 (lights on at 0600) at 20 ± 20  C, with food (Purina®  rabbit 

chow) and water available continuously. Four animals were used for 

dissection, and four for electrical stimulation of the muscles 

after which they also were dissected. 

Dissection 

All animals were deeply anesthetized with 0.7 g/kg urethane 

administered as a 20% solution 31.p., and at the end of the 

examination animals were eutlanized with an overdose into the ear 

marginal vein. For dissection, animals were fixed in a dorsal 

supine position and a midline incision was made from the clitoral 

sheath to the sternum. Using a dissecting microscope, the main 

structures were identified and drawings were made concentrating on 

structures associated with the vacinal tract. As a considerable 

parí of the tract was covered by the pubic bone it was necessary 

to remove this during the dissection (cf. Figs. 1 and 2). To 

prevent bleeding, blood vessels were ligated where necessary. 

The dissection included following the main pathways of the 

sacral nerves from their point of exit at the vertebral column to 

target structures . For this it wa!,  necessary to open the dorsal 

5 



surface of the animal, at which poínt it was sacríficed before 

proceeding with dissection of the muscuiature surrounding the 

vertebrae. 

Electrical Stimulation 

Unir and bilateral electrical stimulation of muscies was 

performed to better define individual structures. Bipolar 

electrodes placed 5 mm apart were used. They were made from 

stainless steel wires electrically insulated except for 1 to 2 mm 

scratched free at the tip. Stimulation was provided by square 

pulses of 0.1 msec duration delivered through a Grass SIU5 

stimulus isolation unit connected to a Grass S44 stimulator. 

Intensities used ranged from 0.1 to 10 v, and frequencies from 1 

to 10/sec. Stimuli were administered to each muscle severa' times 

while watching for movement in or modification of shapes' 

structures. 

Nomenclature 

Where possible, structures were named according to Nomina 

Anatomica Veterinaria (1983), and Table 1 compares the 

nomenclature for muscles used in thís paper with terms used in 

previous studies of the rabbit. 

OO. II.•• *NIÑO. Insert Table 1 about here •••• 1.1•0 



OBSERVAT IONS 

Main Structural Features 

Viewed ventrally, the vaginal tract could be divided broadly 

into two regions - a rostral section approximately 6 cm long 

located beneath the pubic bone and extending approximately 3 cm 

beyond its rostral edge, and a caudal section protruding 

approximately 3 cm beyond the bone's caudal edge (Figs. 1 and 3). 

The urinary bladder was located immediately rostral to the pubic 

bone, and beneath it the uterine horns converged to farm the 

double cervix (cervix duplex; Barone et al., 1973; Schley, 1985) 

characteristic of the rabbit. The urethra, lying ventral to the 

vagina, opened into it about midway beneath the pubic bone. 

Insert Fig. 1 about here maleé •I• 

Removing the pubic bone exposed first the obturatorius 

internus muscles, and beneath these the constrictor vestibulí 

muscles which covered the portion of the vagina located beneath 

the pubic bone (Figs., 2, 4 and 5A). Beneath the constrictor 

vestibuli muscles the vaginal venous plexus (plexus venous 

vaginae; Popesko, 1979) and the vestibular glands (glandulae 

vestibulares; Barone et al., 1973) formed a 

the urethra,for its entire length (Figs. 1 

still, the coccygeus muscles travelled 

innominate bone to the vertebral column. Tn 

the fibers of the coccygeous muscles  

complex attached to 

and 4). More deepiy 

medially from the 

close relation with 

bravellinq from the 

. innominate bone caudally to the vertebral columnr  the fibers of 



the pubo- and iliocaudalis muscles could be seen (Figs. 2 and 5A). 

Running caudally from the ischiatic arc, the bulbospongiosus 

muscles flanked by the more dorsally-situated ischiocavernosus 

muscles converged onto a tendon attached to the ventral midlíne of 

the vagina and to the clitoris (Fig. 3). Beneath these muscles the 

constrictor vulvae muscles formed a tough covering over most of 

the protruded portion of the vagina (Figs. 4 and 5B). 

MEM ••••• Insert Figs. 2 to 5 about here 

Embedded among the fibers of the constrictor vulvae muscles, 

the extensiva anal glands could be seen, and lying superficialiy 

to these and to the constrictor vulvae, the inguinal glands (Figs. 

4 and 53). More caudally still, in the cleft between the vaginal 

opening and anus, the pouches associated with ducts from the 

inguinal glands could be found, and in the skin defining the 

vaginal opening the preputial gland complex was identified (Figs. 

1 and 6). 

••••• •••• .•~11 Insert Fig. 6 about here 

Muscles and Nerves 

Proceeding in a rostro-caudal direction, the muscles together 

with their sacral innervation will now be described in more 

detail. 

M. coccygeus. The fibers of this muscle formed a triangular 

sheet which origínated from the medial surface of the innominate 

bone and spread out mediallv in a ventro-dorsal direction to 

insert wi:hout tendinous appearance onto the trausverse processes 



of the second, third and fourth sacral vortebrae (Figs. 2 and 5A). 

This muscle appeared to be innervated by a branch of the S2 spinal 

nerve after anastomotic connection with S3 (Fig. 7). Unilateral 

electrical stimulation of the muscle produced tension in it and 

ipsilateral abduction of the tail whereas bilateral stimulation 

produced rigidity in the tail and dorsal abduction moved it in a 

dorso-ventral direction. Movement of the vagina or other 

associated structures was not observed. 

• la 

	 Insert Fig. 7 about here 

M. pubocaudalis. The fibers of this muscle originated from the 

caudal portion of the medial face of the innomiate bone. They 

travelled rostro-caudally and ventro-dorsally, passing close to 

the lateral walls of the vagina and rectum, to insert by a strong 

tendon ontb the transversa processes of the fourth coccygeal 

vertebra (Figs. 2 and 5). This muscle appeared to be innervated by 

a branch of the S3 spinal nerve after anastomotic connection with 

S2 (Fig. 7). Unilateral electrical stimulation of the muscle 

resulted in slight flexion of the base of the tail and in clearly 

visible movements of the lateral walls of the protruded portion of 

the vagina and rectum. Bilateral stimulation produced rigidity in 

the tail but no visible movements in other structures. 

M. iliocaudalis. The fibers 	this muscle arose from the 

caudal portion of the medial face of the innominate bone at a site 

immediately adjacent to the pubocaudalis muscle. They ran in clase 

parallel but dorsal. to those 	oubac=dalis 	Lnsert onto a 

tendon attached to the transverse r;rocnJse.7 o thc? 	coccygeal 

) 



vertebra. This muscle also appeared to 	innervated by a branch 

of the S3 spinal nerve at ter anastomotic connection with S2 (Fig. 

7). Unilateral electrical stimulation of the muscle produced 

strong ipsilateral abduction of the tail and similar movements in 

the vagina and rectum as for the pubocaudalis muscle. Bilateral 

stimulation produced rigidity and shivering in the tau but no 

visible movements in other structures. 

M. obturatorius internus. This muscle originated from the 

internal face of the pubic bone along the pubic symphysis. The 

triangular sheet of fibers travelled laterally in a ventro-dorsal 

direction to converge onto a strong tendon which inserted onto the 

major trochanter of the femur (Figs. 2 and 5A). Although the 

innervation of thís muscle was not i.nvestigated in the present 

study, the obturatorius internus and externus are reported to be 

innervated by branches of the L5, L6, and L7 spinal nerves 

(Langley and Anderson, 1896b). Unilateral electrical stimulation 

of the muscle provoked movement in the ipsilateral leg. 

M. bulbospongiosus and ischiocavernosus. These two muscles 

could be clearly identified as separate sheets of fibers - the 

medial sheets forming the bulbospongiosus and the lateral sheets 

the more dorsally located ischiocavernosus muscles (Figs. 3 and 

5B). Although they appeared at first sight to form just one 

structure, careful dissection and unilateral electrical 

stimulation revealed two distinct pairs of muscles. Both pairs 

arose from the caudal border of the ischiatic arc and ran rostro-

caudally and venero-dorsally to insert onto a common tendon 

connected to the ventral midline of the vagina and to the 

10 



cartilaginous ltgamentum susponsorium clitoridis (Barone et al., 

1973). The two muscle pairs appeared to be innervated by separate 

branches of the S2 spinal nerve a.,fjter anastomotic connection with 

S1 and 53 (Fig. 7). Unilateral electrical stimulation of each 

muscle 	particularly of the buihospongiosus 	produced 

ipsilateral movements of the clitoral sheath whereas bilateral 

stimulation resulted in retraction and rigidity of the sheath and 

retraction of the labia to expose the vaginal entrance. 

M. constrictor vestibuli. This muscle was composed of fibers 

which originated along the body of the fourth sacral and first 

coccygeal vertebrae (Figs. 4 and 5A) and ran dorso-ventrally to 

cover the venous plexus, the vestibular glands and the vagina to 

the caudal borden of the pubic bone. Rostrally it, together with 

its contralateral counterpart, formed a fine, interlacing sheet of 

fibers over the venous plexus, and caudally a strong sling-like 

structure attached to the ventral midline of the vagina beneath 

the most rostral portion of the bulbospongiosus and 

ischiocarvenosus muscles. It appeared to be innervated by a branch 

of the S3 spinal nerve after anastomotic connection with S2 (Fig. 

7)..The branch travelled along the interna! surface of the muscle, 

running in a rostro-caudal direction and branching along its path. 

Bilateral electrical stimulation of these muscles resulted in 

comoression of the vagina and rectum, and at the level of the 

urethra, compressed this, the venous plexus, and the vestibular 

glands against the vaginal wall. Unilateral stimulation provoked 

movements in these strucures. 



M. constrictor vulvae. This muscle formed a thin buL tough 

tunnel-like sheet enciosinq most of the protruded portion of the 

vagina and rectum (Figs. 4 and 5B). It was attached to the body of 

the second and third coccygeal vertebrae and joineci ab the midline 

of the ventral vaginal wall in a similar way to the caudal portíon 

of the constrictor vestibuli muscle. Embedded among its fíbers 

were the anal glands (Figs. 4 and 5B). It appeared to be 

innervated by a separate branch of S3 to the constrictor vestibuli 

(Fig. 7) which also travelled along the internal surface of the 

muscle in a rostro-caudal direction, branching along its path. 

Bilateral electrical stimulation of these muscles provoked 

retraction of the clitoral sheath, contracticn of the vaginal and 

rectal walls, and compression of the anal glands whereas 

unilateral stimulation provoked ipsilateral movements in these 

structures. 

Scent Glands 

Although the three sets of glands described here may have 

others, as yet unspecified functions, gíven their likely role in 

chemical communication they will be referred to as scent glands. 

Anal glands (Glandulae ar:alís). As mentioned aboye, these were 

found embedded in the constrictor vulvae muscles, and starting 

about 2 cm from the anus, ran caudo-rostrally in the sulcus formed 

by the vagina and rectum (Figs. 1, 4 and 5B). Each gland was 

approximately 2.5 cm long and 0.6 cm -gide, and consisted of either 

two or three clusters of brownish lobas divided by conneotive 

tissue .relatnd with b1.1 	 or of just one 



elongated, apparentiy continuous series ()II' lobos. From the gross 

dissection they appeared to be innervated by a branch of the S2 

spinal nerve after anastomosis with Si and S3 (Fig. 7) - that is, 

by a different nerve to the constric or vulvae muscle 	which ran 

rostro-caudally, branching along the glands' length. 

Inguinal glands (Glandulae inguinales). These were located 

superficially over the anal glands and constrictor vulvae muscles 

about 2 cm from the vaginal opening, and had ducts leading to deep 

pouches of hairless skin situated about 1 cm more caudally on 

either side of the anus and vagina (Figs. 1, 4, 5B and 6). The 

glands consisted of a superficial, pale-colored spherical lobe 

about 0.4 cm in diameter, and an adjacent, deeper-lying, dark 

brown lobe approximately 1.5 cm long and 0.4 cm wide. Like the 

anal glands, the inguinal gland comblex appeared to be innervated 

by a separate branch of the S2 spinal nerve after anostomotic 

connections with Si and S3 (Fig. 7). 

Preputial glands (Glandulae preputiales). These were 

inconspicuous and could have been easily overlooked. Embedded in 

the vulva labia, they formed a necklace-like double ring around 

the entrance of the vagina although they were most concentrated 

dorsally (Fig. 6). Each gland aras associated with one or more 

long, stiff hairs and contained a thick, whitish secretion. 

Similarly to the anal and inguinal glands, innervation appeared to 

be by a branch of the S2 spinal nerve after anastomosis with Si 

and S3 (Fig. 7). 



DISCUSSION 

This study provides a more completo description of the gross 

anatomy and sacral innervation of the striated muscles and scent 

glands associated with the vaginal tract of the rabbit than was 

previously available. While the supine, ventral viere favored here 

produces some distortion in the exact size and location of organs, 

we consider that it provides a persp.ective helpful in thinking 

about these structures in functional trms, and thus representa a 

useful addition to the more naturalistic lateral views given by 

Barone et al. (1973) and Popesko (1979). 

Although our observations of muscles are largely consistent 

with previous descriptions, none of the earlier accounts gives the 

exact origin and insertion of the muscles associated with the 

vaginal tract, nor provides a description of their possible action 

in modifying other pelvic structures. Furthermore, the constrictor 

vestibuli and vulvae - the two muscles most closely associated 

with the vagina - have been previously only briefly mentioned, if 

at all. 

With regard to the scent glands, our findings accord well with 

earlier previous descriptions of the anal (Coujard, 1947; 

Mykytowycz, 1966a; Kühnel, 1971) and inguinal glands (Coujard, 

1947; Montagna, 1950; Mykytowycz, 1966b). However, although the 

preputial glands have been previously identified in the male 

(Barone et al., 1973; Popesko, 1979), and their morphology 

described in some detail by Holt2 and Joote (1976), to our 

knowledge this is the first time thGy have been identified in the 

fea; ale. This is oerhaDs surz)r -Lsin 	ven 	wen-known presence 



of similar glands in female rats and mi= and the many behavioral, 

endocrinological, and biochemical studies interest in them has 

generated (Bronson and Caroom, 1971; Gawienowski et al., 1975; 

Lucas et al., 1982). 

Although the pattern of sacral innervation found hese .gis 

broadly consistent with the descriptions of Langley and Anderson 

(1896a,b), Chis needs to be more closely specified using fingir 

electrophysiological and histological methods. Nevertheless, a 

first comparison with the rat and cat may be made. While taking 

into account the complexities of pelvic innervation in the rabbit 

due to the many small ganglia (Langley and Anderson, 1896b) and 

anastomotic connections, the following parallels can be drawn. As 

already suggested by the nomenclature of Barone et al. (1973), the 

branch of S2 innervating the urethra, external anal sphincter, 

bulbospongiosus and ischiocarvenosus muscles, clitoral sheath, and 

the three sets of scent glands (Fig. 7) may be regarded as broadly 

equivalent to the pudendal nerve in the rat and cat (Bradley and 

Teague, 1972; McKenna and Nadelhaft, 1986; Pacheco et al. 1989). 

Furthermore, the bifurcated branch of S3 innervating visceral 

structures such as the urinary bladder, cervices, vagina and 

rectum on the ene hand, and the pubo- and iliocaudalis muscles, 

the constrictor vestibuli and vulvae muscles, and the perineal 

skin on the other, appears te correspond te the viscero cutaneous 

and somato-motor branches of the pelvic nerve described in the rat 

(McKenna and Nadelhaft, 1986; Pacheco et al., 1989; Martínez Gómez 

et al., 1992). 



However, in other respects the vaginal tract of the rabbit is 

very different aboye all in its relative length. Whereas in the 

rat (Greene, 1968; Olds and Olds, 1979) and cat (Crouch and 

Lackey, 1969) the vagina ends at the caudal erige of the pubic 

bone, in the rabbit it protrudes several centimeters beyond this. 

Furthermore, whereas in the rat the urethra terminates in an 

independent external meatus (Olds and Olds, 1979; Hebel and 

Stromberg, 1986), and in the cat it joins the vagina close to the 

vaginal orifice (Crouch and Lackey, 1969), in the rabbit it enters 

the vagina approximately 4cm from the orífice about midway along 

the vagina's length (Barone et al., 1973). 

The vaginal musculature is also rather different. The 

constrictor vestibuli and constrictor vulvae, so evident in the 

rabbit, are not present in the rat (Reinar et al., 1980; McKenna 

and Nadelhaft, 1986), and appear less developed in the cat. In 

this later species the constrictor vestibuli are reported to arise 

from fascia of the pars cranialis and the constrictor vulvae from 

fascia of the pars caudalis of the external anal sphincter (Martin 

et al. 1974) rather than from strongly anchoring vertebrae as in 

the rabbit. With regard to the bulbo pongiosus and 

chiocarvenosus muscles whereas these are so slightly developed 

in the female •rat as to be often overlooked (Breedlove and Arnold, 

1981; McKenna and Nadelhaft 1986) in the female cat 

ischiocavernosus muscles are half the size of those in the male 

and the bulbospongiosus muscles do not appear to be present at all 

(Martín et al. 



Furthermore, only the rabbit appcar's to posses three such 

well-developed sets of scent glands in the pelv:Lc arca. Whereas 

neither the rat nor cat are reported to have inguinal glands, the 

female cat has anal but apparently not preputial glands (Martin et 

al., 1974; Crouch and Lackey, 1969) , and the female rat has 

preputial but apparently not anal glands (Olds and Olds, 1979; 

Lucas et al., 1982; Hebel and Stroraberg, 1986). 

Returning to the reproductive specializations of the rabbit 

mentioned in the introduction, we may now consider how the 

anatomical features observed here might relate to these. 

With regard to copulation, the well-developed constrictor 

vestibuli and constrictor vulvae muscles, combined with the action 

of the pubo- and iliocaudalis muscles, might function to ensure 

that both male and female receive the stimulation necessary for 

rapid ejaculation and triggering of hoLmonal events associated 

with reflex ovulation and implantation (cf. Pacheco et al., 1989; 

Martínez-Gómez et al., 1992; 1995). The fact that the male often 

emits a sharp cry as the penis is withdrawn following ejaculation 

(own observations) may be associated with strong vaginal pressure. 

Furthermore, perigenital stimulation during copulation may be 

particularly important in the rabbit (cf. Martínez-Gómez et al., 

1995). Given the iength of the va,Jina, it is possible that the 

cervical stimulation important during copulation in the rat 

(Komisaruk and Wallmann, 1977) is lacking or much reduced. In 

addition, the well-developed bulbcsnmgiosus and ischiocavernosus 

muscles may facilítate rapid in-Lromission by positioning and 



stiffening the vagina and retracting the large clitoral sheath and 

the labia to expose the vaginal entrance. 

With regard to parturition, the complex vaginal musculature 

may also function to ensure the unusually rapíd transit and 

expulsion of fetuses typical in the rabbít (Fuchs and Darwood, 

1980; Hudson et al., 1995). 

Although the significance of the female's pelvic anatomy for 

chemical communication remains unclear, several observations may 

be of relevance. First, as the urethra enters the vagina so far 

rostrally, it is possible that the strong musculature of the 

vaginal tract is used to generate the pressure necessary for the 

urine spraying demonstrated by estrous females (Bell, 1980; own 

observations). Furthermore, the preputial glands, aided by the 

long hairs, may add their contents to the urine as part of female 

sexual advertisement and marking behavior (cf. Bronson and Caroom, 

1971). 

The action of the constrictora vulvae muscles in compressing 

the anal glands may represent the mechani m by which rabbits are 

able to "voluntarily" regulate the olfactorY quality of fecal 

pellets :(Hesterman and MykytoWyczI  1968; Bell, 1980)-  In wilát way 

the inguinal glands áre actívated, if at áll remains undlear: 

although theit superficial locatipn suggeáts that this may be 

neUraL 

Finally, the signifitande of the venous plexus and véStibtilar 

glands shOuld be an interesting subject tot future Study.' Whether, 

when compressed against the ventral walls 

vagina by the contr action of the constrictor vestibuli muscles, 
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they release substances providing lubrication during copulation or 

parturition, alter the pF or other chemical characteristics of the 

vaginal tract to facilitate sperm migration and survival, or are 

associated with chemical communication (cf. Masters et al., 1986; 

Hafez, 1993) remains to be investigated. 
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Fig. 6 Lateral view of the preputial glands of a female rabbit 

which forro a necklace-like ring around the entrance Lo the 

vagina. Arrows indicate two glands containing whitish 

secretion and bearing long, stiff hairs; the asterisk 

marks the inguinal pouch and just aboye it, an inguinal 

gland pore. 

Fig. 7 Schematic representation of the pattern of innervation of 

the pelvic area of the female rabbit by spinal nerves L7 

to S3. Abbreviations: Abr-Anastomotic branch, Ag-Anal 

gland, BSP-Bulbospongiosus muscle, CC-Coccygeus muscle, 

Cs-Clitoral sheath, CVL-Constrictor vulvae muscle, CVS-

Constrictor vestibuli muscle, Cx-Cervices, EAS-External 

anal sphincter, IC-Iliocaudalis muscle, Ig-inguinal gland, 

ISC-Ischiocavernosus muscle, PC-Pubocaudalis muscle, Pg-

Preputial glands, Ps-Perineal skin, Rc-Rectum, Sci-

Sciatic nerve, ST-Semitendinosus muscle, Ub-Urinary 

bladder, Ut-Urethra, Vg-Vagina. 



FIGURE FJEGENDS 

Fig. 1 Ventral view of the pelvic region of an adult female 

rabbit drawn approximately to scale showing the relative 

positions of the inain structures associated with the 

vaginal tract. The pubic bone has been removed, and A and 

give the approximate levels of the transversa views 

shown in Figure 5. 

Fig. 2 Ventral view of the pelvic region of an adult female 

rabbit showing the position of the coccygeus, 

pubocaudalis, iliocaudalis, and obturatorius internus 

muscles; S indícates sacral and C coccygeal vertebrae. 

Fig. 3 Ventral view of the pelvic region of an adult female 

rabbit showing the position of the bulbospongiosus and 

ischiocavernosus muscles. 

Fig. 4 Ventral view of the pelvic region of an adult female 

rabbit after removal of the pubic bone to show the 

position of the constrictor vestibuli and constrictor 

vulvae muscles. 

Fig. 5 Transverse views of the vaginal tract of an adult female 

rabbit froin rostral (A) to more caudal (3) not drawn to 

scale. The approximate level of each section is shown in 

Figure 1. 



TABLE 1. Nomenclature of muscles from the Nomina Anatomica Veterinaria used in Chis 

paper compared with the nomenclature used in previous studies of the female rabbit. 

Nomina Anatomica 	Langley and Anderson 	Barone et al. (1973) 	Popesko (1979) 
Veterinaria (1983) 	 (1896) .  

Coccygeus 	 Coccygeus 	 Coccygeus 	 Coccygeus 

Pubocaudalis 
	

Pubocaudal 
	

Levator ani 
Iliocaudalis 	 Iliocaudal 

Obturatorius internus 

Bulbospongiosus 

Ischiocavernosus 

Constrictor vestibuli 

Constrictor vulvae 

Obturator internus 

Ischiocavernosus 

External sphincter of 
the vagina 

Sub schiocavernosus 

Ischiocavernosus 

Constrictor vestibuli 

Constrictor vulvae 

Obturatorius internus 	Obturatorius internus 

Constrictor vulvae 
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Fig. 6 (Martínez-Gómez et al.) 
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