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ABSTRACT

In mammuals, the regulatory mechanism exerted by the lumbrosacrococcigea of the
spinal cord on pelvic function are still largely unknown. This is due not only to the
anatomical complexity of the various nwscles and viscera, but also to the fine and intricate
neural net which innervates them,

It was the aim of this thesis to analyse and describe in mammals the interaction of the
various muscles and nerves of the pelvic area which contribute to the reflexes underlying the
expression of reproductive function, retention and expulsion, and chemical communication,
The results are divided into six studies representing an integrative approach in which pelvic
processes are considered from an anatomical, physiological and behavioral point of view.

The first study analysts the effect of genital stimulation on spinal reflexes 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 pudendal nerves is characterized
in female rats. The fourth study, also in female rats, describes various muscular reflexes
produced by genital stimulation, the nerves involved, and the visceral and postural effects
induced by these reflexes. In the fifth study the role of the branches of the pelvic nerve in
mediating copulatory behavior in the male rat is investigated. The final study describe the
anatomical position of the striated muscles of the pelvic area i relation to the reproductive
tract in the female rabbit.

Together, the results provide valuable information, from an anatomical and
functional point of view, permitting a more integrated understanding of the diverse functions
associated with the pelvic area in mammals.



RESUMEN

Los mecanismos de la regulacion que ejerce fa médula espinal lumbosacrococceigea sobre las
funciones del drca pélvica en mamiferos ain se desconocen en una gran parte. Ello se debe
probablemente no solo a la complejidad anatomica de las diferentes visceras y musculos,
sino también a la fina e intrincada red neural que inerva tales estructuras.

La presente tesis tuvo por objeto el andlisis y descripeion en imamiteros de las interacciones
de diversos musculos y nervios del drea pélvica que forman parte de reflejos que permiten o
expresion de funciones reproductivas, de expulsion-contencion y de comunicacion quimica,
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
anatémico, fisiologico y conductual,

El primer trabajo analiz6 los efectos de la estimulacion genital sobre los reflejos espinales de
gatas espinalizadas bajo varias condiciones hormonales. En el segundo trabajo se demostrd
en gatos espinalizados que el aparato neural de la musculatura estriada pélvica es capaz de
activar diferencialmente a los midsculos. En el tercer trabajo se caracterizé en ratas hembras
la inervacion eferente de los nervios pélvico y pudendo. En el cuarto trabajo se describieron
también en rata hembra, varios reflejos musculares producidos por estimulacion genital, los
nervios que participan y los efectos viscerales y posturales inducidos por dichos retlejos. En
el quinto trabajo se investigd el papel de las ramas del nervio pélvico en la mediacion de la
conducta copulatoria de la rata macho. En el dltimo trabajo se describid en coneja la
disposicién anatémica de los misculos estriados del drea pélvica en relacion al tracto
reproductivo.

Los resultados en su conjunto aportan informacion valiosa desde el punto de vista
anatémico y funcional que permite un entendimiento mds integral de las diversas funciones
que tienen como sustrato el drea pélvica de los mamiferos.



INTRODUCCION

A nivel fisiolggico, la conducta sexual en mamiferos representa la interaccion entre
redes ncuronales y endocrinas del macho y Ia hembra. Durante el cortejo, fa emision de senales
odoriteras provenicntes del drea genital, puede ser determinante para arribar a la copula, Yaen
el aparcaniento, diversas partes del cuerpo se deben acoplar con precision: algunas de estas
dreas estdn localizadas en su sistema urogenital o, de manera nds general, en el drea pélvica.

En Ia region pélvica de los mamiferos se observa una gran conplejidad anatémica y
funcional. Esta complejidad se acrecienta en primates por su posicion erecta, lo cual promovio
una seric de cambios en k disposicion de sus visceras y ¢n su musculatura pélvica (Wilson,
19730).

Las visceras pélvicas y los misculos que las rodean forman una unidad funcional de
considerable complejidad, cuya eficiencia depende de muchos factores. De éstos, quizd el nuis
importante sea ki extensa y rica incrvacion de esta region, que le permite una gran sensibilidad
y una actividad incesante,

La actividad refleja desencadenada en el drea pélvica de la hembra por la estimulacion
genital, es solo una parte de las respuestas producidas por el apareamiento.

La lordosis involucra elevacion de la cabeza, dorsiflexion de la espalda (depresion del
torax, elevacion de la cadera y de ka base de la cola), desviacion lfateral de la colu y extension
bilateral de las patas posteriores (Plaff y Lewis, 1974). Varios muisculos posturales dan cuenta
del mantenimiento de la extension de las patas. Uno de ellos es el misculo gastrocneniio,

En mi laboratorio se hizo un estudio en gatas espinalizadas sobre los efectos que
producta la estimulacién genital sobre la actividad refleja de la médula espinal espinal lumbar
(primer trabajo de esta tesis; Pacheco y col,, 1976). La estrategia utilizada fue estimular
eléctricamente los nervios sural y gastrocnemio (cutdneo y muscular, respectivamente) 'y
registrar la actividad eléetrica de las rafces ventrales L7 y ST antes, durante y después de Ia
estimulacién genital (golpeteo de la piel perivulvar y presion ligera en el tracto vaginal). Se

encontré que la estimulacion del nervio sural produjo a nivel de raiz ventral, una respuesta con
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dos componentes polisindpticos, y que la estimulacion del muisculo gastrocnemio producia la
respuesta con un componente monosindptico seguida de un componente polisindptico. La
estimulacion tdctil del drea cutdnea perivaivar o la de Ja nuca, inhibid Ia respuesta polisindptic:
del sural y del gastrocnemio y facilitd Ia respuesta monosindptica por la estimulacion del
gastrocnemio. La estimulacion vaginal y cervical provocd que en la mayoria de los casos, el
reflejo monosindptico se deprimicra y ademds que se inhibicra la respuesta polisindptica por L
estimulacion del gastrocnemio. Se observe aumento de fa respuesta monosindptica por Ia
estimulacion del gastrocnemio cuando se suspendid la estimulacion cervical. En experimentos
adicionales se observd que la scecion bilateral de los nervios pudendos, aungue disminuyd, no
bloqued completamente los efectos obtenidos por el golpeteo de la piel genital. Los efectos
obtenidos fucron independientes de la condicién endderina de los animales,

Estos hallazgos resultaron ser una excepeion a la regla Sherringtoniang, esto es, se
encontré la facilitacion de motoneuronas de un misculo extensor por kv estimulacion de un
nervio cutdnco; también se observd que lamisma estimulacion cutdnea causaba inhibicion de la
actividad polisindptica producida por estimulacion del nervio sural, en lugar del increnento
previsto. El primer dato apoy6 I idea de una facilitacion de la actividad muscular extensora
durante la lordosis por la estimulacion vaginocervical (Komisaruk y' Diakow, 1973), y ci
segundo grupo de datos dio apoyo a la proposicidn de que la estimulacion vagino-cervical

provoca analgesia (Komisaruk y Larsson, 1971),

Las visceras del drea pélvica incluyen a estructuras como la vaging, el cérvix y el dtero,
que participan en las funciones sexuales, y a estructuras de expulsion y de contencion como el
recto y la vejiga, Las analogias entre todas ellas son su funcion de reservorios, la presencia de
dngulos y curvaturas, los arreglos para la sujecion y apoyo entre ellas, y los dispositivos de
sellado que facilitan sus continencias (Wilson, 1973a).

La sujecion y apoyo de las visceras pélvicas es realizado por la cempleja organizacion
de miisculos y fascias. Elftman, en su andlisis sobre la evolucion del piso pélvico en primates

destaca que "la caracteristica sobresaliente es su pérdida de desarrollo muscular, y que puede



resistir el esfucrzo continuo sin gasto de energia, pero no puede proporcionar poder motor”
(citado por Wilson, 1973b).

Los musculos del piso pélvico deswrrollan uniones y funciones especificas. Sus acciones
sobre el movimiento de la cola en algunas especies, son secundarias a las de I verdadera
musculatura caudal que se desarrolla independientemente (Wilson, 1973b).

Los arreglos musculares son fundamentales a I cooperacion entre las visceras y sus
alrededores. Ast mismo 1o es el que los segnentos espinales lumbares y sacros, que incrvan las
visceras pélvicas, también inerven a los misculos circundantes y a la piel supraadyacente.
Como resultado, se han desarrollado circuitos neurales de retroalimentacion de gran sutileza,
ellos controlan Jas funciones con mucha precision y ofrecen un reto al entendimiento humano.

Ln el hombre se reconoce la importancia de los masculos del diafragima pélvico para la
ejecucion precisa de las funciones de contencion, expulsion y reproductivas (p. ¢j. Kegel, 1952,
Porter, 1962; Wilson, 1973b; Wendell-Smith y Wilson, 1977; Gillan y Brindley, 1979; Graber,
1982; Koelbl y col., 1989; Dubrovsky y Filipini, 1990), pero ain queda mucho por conocer

sobre su fisiologfa.

Una nocién que prevalecia en la literatura, era que los nuisculos del piso pélvico se
comportan como una masa unitaria (Porter, 1962; Wendell-Smith y Wilson, 1977; Dickinson,
1978). Esta proposicion era justificada pues en el hombre no sc distinguen cluamente los
limites musculares, pero era dificil de aceptar si consideramos que estos misculos, adens de
su funcion secundaria como sostén para las visceras pélvicas, participan en funciones tales
como la continencia, la defecacion y la miccion, 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 vision de actividad contrictil "en masa”,

En nuestro laboratorio s¢ analizé esta proposicion experimentalimente  (segundo
trabajo de esta tesis; Dubrovsky y Pucheco, 1980; Dubrovsky y Pacheco, 1981; Dubrovsky y

col., 1985). En gatos con seccidn espinal alta, registramos actividad clectromiogrifica (EMG)



de los musculos esfinter externo del ano, abductor cauda interno, levator ant y sacrocaudal
dorsal latcral. El segundo y tercer misculo forman el dinafragna pélvico que cierra la cavidad
pélvica del gato (Crouch, 1969). La estimulacion eléetrica de las raices ventrales S2 produjo
contraccion del esfinter externo del ano y del sacrocaudal dorsal lTateral, La estimulacion
eléctrica de las raices ventrales 83 y Col, produjo respuestas en el levator ant y el abductor
cauda interno. Asi se demostré una clara separacion de las poblaciones de motencuronas que
inervan los diferentes muisculos del piso pélvico. Estos muisculos del piso pélvico pueden ser
activados reflejumente, de manera individual 0 como una nasa unitaria dependiendo de Ta
intensidad del estfimulo, La estimulacion tictil o eléetrica de las regiones pudendas, de cualquier
lado del cuerpo, produce respuestas en el esfinter externo del ano. En cambio, la activacion del
levator ani y del abductor cauda interno pudo ser Interalizada: la estimulacion eléetrica o tictil
de las superficies dorsolaterales de la base de la cola produjo respuestas ipsilaterales de estos
musculos, La seccion unilateral del nervio pudendo no alterd el nivel de actividad tonica (2-
4/seg) del esfinter externo del ano. Sin embargo, la seccion bilateral del nervio pudendo si
acabd con su actividad ténica y con la responsividad fidsica de este musculo, pero no afecto la
actividad del levator ani ni la del abductor cauda interno. La estimulacion del nervio pudendo
produjo solamente actividad refleja polisindptica en las raices ventrales S2.

Nuestros hallazgos de que el esfinter externo del ano responde a la estimulacion de
cualquier lado del cuerpo, estd 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 superposicion en la distribucion de
fibras motoras de los nervios pudendos derecho e izquierdo. Los haltazgos de que fa actividad
de los misculos compresores de la cloaca (dinfragna pélvico) puede lateralizarse, coinciden
con los resultados que fucron obtenidos durante intervenciones quindrgicas realizadas por
Percy y col. (1980), en un estudio sobre la inervacién motora de fos muisculos del piso pélvico
en el hombre, en ¢l cual encontraron una lateralizacion de la inervacion del misculo

puborectalis.



Los nervios pudendos incrvan los nuisculos estriados de los estinteres del ano y de la
uretra y a la picl de Ia region perigenital (Reichard y Jennings, 1963; Bradley y Teague, 1972,
Crouch, 1969). Los esfintercs anal y uretral poscen masculos con husos musculiares (Chennels
y col., 1960; Todd, 1964; Oliver y col., 1970; Shuster, 1975). Sin embargo, en nuestro estudio
no pudimos obtener respuestas monosindpticas cuando registramos fa actividad refleja en las
rafces ventrales sacras, durante la estimulacion eléetrica de los nervios pudendos.

Jankowska y col. (1978) y Mackel (1979), encontraron que los PEPSs producidos en
motoneuronas esfintéricas por kv estimulacion de la raiz dorsad, tenfan amplitudes nmenores a 1.0
mV, mientras que aquellas provocadas por la estimulacion del nervio pudendo, raramente
excedian 0.5 mV. No solamente estas conexiones sindpticas eran débiles, sino que también eran
pocas en ndmero; menos de fa mitad de las motoneuronas esfintéricas probadas exhibicron
PEPSs monosindpticos. Estos hallazgos, poca amplitud de PEPSs y baja frecuencia de
conectividad, podrian explicar I ausencia de respuesta monosindptica en raiz ventral sacra,
durante la estimulacion del nervio pudendo. Nuestra informucion fue confirmada por Jolesz y
col. (1982).

Estos resultados mostraron que el aparato neural de la musculatura estriada del piso
pélvico, es capaz de activar individualmente los diferentes muisculos que lo forman, y que el
esfinter externo del ano, por una parte, y los misculos que conforman el diafragma pélvico por

la otra, estdn controlados por dilerentes circuitos neuronales.

En gato y en perro se considera que el diafragma pélvico o levator ani estd fornudo
por los miisculos iliococefgeo, pubococefgeo y cocefgeo (Bradley y Grahame, 1943; Crouch,
1969). Por otra parte, en ratas existié una notable confusion anatémica. Un nuisculo fue
identificado como ¢l "levator ani” en la anatomfa de rata de Greene (1935), y este misnwo
nombre persistié, especialinente en la literatura endocrina. Se anotaba que sélo existia en el

macho, Mds tarde se encontré que correspondia al niisculo bulbocavernoso dorsal (Hayes,
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1965), y aungue hubo intentos de reiniciar v controversia (Cihak y col, 1970), se ha
corroborado y aceptado fa propuesta de Hayes (McKenna y Nadethaft, 1986).

En la rata, es ahora posible la distincion de los componentes del piso pélvico. Existen
algunos estudios en macho sobre las motoncuronas que los inervan (Schroder, 1980; McKenna
y Nadelhaft, 1986) y sobre su participacion en los procesos de miccion (Manzo y col., 1991);
en Ja hembra, una deseripeion anatémica ha sido hecha por Brink y Plafl (1980), quicnes
revisaron algunos de los mdsculos vertebrales involucrados en la lordosis.

Se considera que los musculos iliococcigeo, pubococcigeo y coccfgen son nuisculos
vertebrales sacrocaudales (Brink y Pldf, 1980 ) y pertenecen al grupo compresor de la cloaca
(Wendell-Smith y Wilson, 1977). Surgen de la cara medial del hueso innominado de la pelvis y
se insertan sobre las vértebras caudales proxinules. En la rata albing, los misculos
pubococcigeo y coccigeo, son dificiles de separar uno de otro (Brink y Plall, 1980). Estos dos
mudsculos algunas veces han sido descritos bajo un tnico nombre, abductor cauda externo
(Greene, 1935). Sin embargo, Rinker en 1954, describio la inervacion separada de los dos
musculos (citado por Brink y Pfaff, 1980). Se cree que os muisculos pubococcigeo y coccigeo
corresponden a las porciones anterior y posterior, respectivamente, del levator ani del hombre,

Musculo Iiococeigeo (iliocaudalis, abductor cauda interno): las fibras del musculo
iliococcigeo tienen un origen carnoso en el borde ventromedial de Ta cresta ilfaca desde la
muesca ghitea (muesca cidtica mayor) a nivel del acetdbulo. Las fibras pasan caudalnente y
desarrollan dos tendones que se continuan con el musculo trasverso caudal, corriendo
inicialmente a lo largo del borde laterat de Ia cola ventral. Conforme los tendones salen de Ia
pelvis, cruzan sobre la linea media de la cola ventral, y se continuan para correr caudahnente.
Los tendones se insertan ipsilateralimente sobre las protuberancias ventrales (localizadas
medialmente) de Cal y Cab.

Muisculos Cocefgeo y Pubococcigeo (abductor cauda externo): las fibras de los nuisculos
pubococcigeo y coccigeo fornuin juntas una vaina nuscular delgada, aplanada y triangular que
se extiende desde la superficie ventromedial del pubis, para insertarse a lo largo de la diapofisis

de Ta  cola proximal, Las inserciones caudales estdn sobre las fascins de la superficie



ventrolateral de la cola, a nivel de Ca6. Los origenes de las fibras son carnosos; las inserciones
son tanto carnosas como por medio de fascias de fibras cortas JLos dos mdsculos son
factlmente separables anteriornente, donde dos vainas de {ibras pueden distinguirse de acuerdo
al origen de las fibras y a la direccion de la fibra transversal. La vaina lateral (que descansa justo
medial al hueso innonunado) estd formada de las fibras del misculo coccigeo. Estas fibras
surgen de la cara medial del hueso innominado, anterior al fordien obturador y a lo largo de su
borde ventral medial. Las fibras pasan dorsocaudales para insertarse, al nxnos, sobre lus
diapofisis de Cal a Ca3. Las fibras del musculo cocefgeo hacen las inscrciones anteriores
vijando casi directamente dorsales. Las fibras del misculo pubococeigeo, que comprenden la
vaina medial, vinjan mds directamente caudales. Estas fibras surgen del borde ventromedial del
pubis al nivel de y posterior a la eminencia iliopectineal, y se insertan al nivel de Ca3 y Cad. Los
tendones det musculo iliococeigeo pasan mediales al masculo pubococceigeo. Unas pocas fibras
de origen del pubococcigeo pueden unicse al tenddn del iliococcigeo.

En el tercer trabajo de esta tesis (Pacheco y col., 1989) se caracterizd la inervacion eferente de
los nervios pélvico y pudendo identificando los misculos activados por estimulacion eléetric:
en un punto distal a donde cllos se bifurcaron del tronco L6-S1. La estimulacion eléetrica del
nervio pélvico produjo contraccion monitoreada por EMG de los nuisculos ipsilaterales
iliococcigeo y pubococeigeo, que fue bloqueada cuando se cortd una rama (la muscular) del
nervio bifurcado, Esta rama recibe entrada propioceptiva activada por el desplazamiento de la
cola, micntras que la otra rami, la viscerocutdnea, recibe inervacion sensorial de la region
perincal de la linca media. La estimulacion eléctrica del nervio pudendo produjo contraceion de
los musculos coccigeo, esfinter externo del ano e isquiocavernoso. Movimientos del orificio y
pared vaginal fueron directamente visualizados durante Ia estimulacion elécetrica de los dos
nervios. La presion intravaginal medida por un globo aumentd por la estimulacion eléetrica del
nervio pélvico y disminuyd por la estimulacion del nervio pudendo. La contraccion refleja de
los muisculos iliococeigeo y pubococcigeo fue producida por emcanoestinudacion del pering,

vaina clitorial y vagina distal. Esta respuesta fue bloqueada por la estimulacion cervical suave,



Una implicacion de este hallazgo es que el paso del feto a través del eérvix durante el parto

puede relajir los mdsculos iliococceigeo y pubococcipeo, facilitando con ello et alumbramicnto.

Platt ha propuesto que en la rata en lordosis los misculos responsables de la
dorsiflexion de Ja espalda son ¢l longisimus lateral y el transverso espmal lumbar, y los
responsables de la desviacion lateral de T cola, el longfsimus medial, el extensor cauda medial
y el abductor cauda medial (Brink y col., 1980; Pfaff' y Schwartz-Giblin, 1988). Existen sin
embargo, otros muisculos que no solo se activan durante la postura lorddtica, sino que
probablemente tambicn contribuyen al mantenimiento de clla. Ast por ejemplo, en la rata
hembra, los nuisculos abdominales se observan contraidos por la estimukicion vaginocervical
durante la copuka.

Durante ¢l parto, estos muisculos se activan también por Ja estimulacion vaginal, En un
estudio de Higuchi y col. (1987) realizado en ratas periparturicntas anestesiadas con uretano,
se mostré que fa distension vaginal producia contracciones de misculos abdomunales y del
diafragma, y que éstas llevaban a un aumento de la presion intra-abdominal. Higuchi y col.
laman a esta contraccion muscular refleja el "reflejo de expulsion del feto”, y sugieren que
inicia los movimientos de pujar durante ¢l parto. Compararon este reflejo en ratas embirazadas
normales y en ratas embarazadas con seccin de los nervios pélvicos. Se habfa descrito que el
parto es bloqueado en ratas con seccidn bilateral del nervio pélvico, atribuyéndose su causa al
bloqueo de la activacidn ldtea provista por la estimulacion del cérvix (Kollar, 1953; Carlson y
De Feo, 1965; Spics y Niswender, 1971). Sin embargo, ahora se sabe que las ratas
neurectomizadas del pélvico son capaces de un embarazo normad si ef cuerpo liteo es activado
de otra manery, aunque el alumbramiento no se lleva a cabo (Carlson y De Feo, 1965). La
naturaleza de este bloqueo no habfa sido investigado con mds detalle. Ya que la seccion
unilateral del nervio pélvico no tiene clecto sobre ta expulsion (Burden y col., 1980), se asunug
que los nervios pélvicos controlan el proceso del parto por un efecto sistémico de "todo o

nada", Higuchi y col. (1987) indican que la principal anornxlidad en el parto de ratas con
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seccion del nervio pélvico, es su prolongacion, y que €sta puede ser debida a una falia del
reflejo de expulsién del feto, que juega el papel fisiologico de mover el feto desde la porcion
cranial de Ia cavidad vaginal, en contra de la resistencia opuesta por la safida pélvica.

Los misculos abdominales son divididos en dos grupos, los ventrolaterales y los
posteriores. En el segundo grupo quedan comprendidos los nuisculos psoas mayor, psoas
menor, ilfaco y cuadratus lumbar (Greene, 1935; Hebel y Stromberg, 1976). En el hombre y
otros primates, el psoas mayor, el psoas menor y el ilfaco, se agrupan juntos como el nmiisculo
iliopsoas, y se describe que su contraceion flexiona el muslo y el tronco (Wilson y Wilson,
1978). En rata, el origen del psoas nuyor estd sobre los cuerpos y L superficie ventral de las
diapéfisis transversas de las vértebras L2 a Lo; el origen del misculo iliaco estd sobre las
diap6fisis transversas de LS y L6 segin Greene (1935), y Hebel y Stromberg (1970) indican
que también se origina de la superficie ventral del hueso ilfaco. La insercion de ambos nuisculos
estd sobre el trocdnter menor del fémur a través de un largo tendon.

Estos muisculos, si se asume que contribuyen también a  Ia expresion de fa postura
lordética, podrian ser modificados de alguna nunera, por la estimulacién perigenital y
vaginocervical.

En el cuarto trubajo incluido en esta tesis (Martinez-Gomez y col., 1992), se describen
varios reflejos musculares producidos por estimulacion genital, los nervios que los median y los
efectos posturales y viscerales inducidos por estos reflejos. La estimulacion eléctrica de los
masculos iliococcigeo y pubococcigeo produjo movimiento del orificio y pared vaginal, uretra
membranosa, cola y pelvis, La estimulacion eléctrica de los nuisculos estriados psoas niayor e
iliacus produjo movimientos de las vertebras lumbares y extension de las patas traseras
ipsilaterales. La estimulacién de la picl perineal, vaina clitorial o vagina distal, procdujo
contraccién refleja de los mudsculos iliococeigeo y pubococeigeo. La estimulacion del eérvix
produjo contraccién refleja de los misculos psoas mayor e iliaco y también blogueo la
contraceion refleja de los misculos iliococeipeo y pobococeigeo arriba descrita. Tanto el
bloqueo inducido por la estimualeién cervical de It respusta refleja del iliococeigeo y del

pubococcigeo, como la activacion inducida por la estimulacion cervical de los misculos psoas
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mayor ¢ iliaco, fue evitada por la transcecion bilateral de la ranw viscerocutdnea del nervio
pélvico. Basados en estas observaciones, se propuso que fa estimulacion de la superficie vaginal
del cérvix resultante de Ta estimulacion pencana y /o de la deposicion del tapon semimal durante
Ia conducta de aparcamicnto en la rata, puede activar reflejanente los muisculos psoas nuyor ¢
ilfaco, contribuyendo asi a la rigidez postural de los miembros traseros y a la dorsiflexion

lorddtica que son caracteristicas en la postura de apareamiento en las ratas hembras.

Siguiendo este mismo razonamiento, estuve interesado por conocer st en nachos se
observaba fa misma distincion de los componentes del nervio pélvico y si estaban mnplicados
por ello los misculos iliococeigeo y pubococcigeo (quinto trubajo de esta tesis, Lucio y col,,
1994). Ademds, se investigd el papel de estas ramas en la mediacion de la conducta
copulatoria. La rama somatonwotora o viscerocutinea del nervio pélvico fue bilateralmente
seccionada en ratas machos con experiencia sexual, La cirugia de la ranmt sonatomotori no
tuvo un efecto detectable. La seccion de ln rama viscerocutdnea alterd los pardmetros
copulatorios que reflejan alteraciones en la ereccion penil y la emision del tapdn seminal, Los
pardmetros  conductuales alterados alcanzaron los valores de los aninules testigos y
prequirtirgicos, indicando que el daiio a la funcion eréetil y eyaculatoria fue pasajera. Se sugirid
que los aninales con seccion de la rama viscerocutdnea recobran v eficiencia copulatoria
través de un mecanisimo pldstico compensatorio ue posiblenente involucra al nervio

hipogdstrico.

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 dltimos segimentos umbares, los
sacros y los coceigeos, dd origen, en la mayorfa de los mamiteros cuadripedos, a la inervacion
sensorial y motora de las regiones pélvica, pudenda y caudal. Es asf, uno de los componentes
fundamentales de 12 actividad refleja de  estas dreas y donde una  gran complejidad

anatomica y funcional s¢ observa. En ella convergen los reflejos de varios tipos: sonito-

10



somudticos, viscero-viscerales, viscero-sonxiticos, sonuto-visceriles,  viscero-autonomicos y
autondmico-viscerales (Wilson, 1973a; Jinig, 1985; Yinig y McLachlan, 1987).

Las caracteristicas estructurales y funcionales de esta region fucron observadas en gato
por Lloyd y Wilson (1959); "en la parte caudal de la nxédula espinal, especificanmente los
dltimos segmentos sacros y caudales, el control reflejo estd relacionado con las prominentes
estructuras de la linca media. Los segmentos terminales de fa médula espinal se diferencian de
los ensanchamientos, distinguiéndose por la presencia de un gran ndcleo dorsal de la linca
nedia, por el crecimiento de ka comisura gris dorsal y por fa gran decusacion de Gibras aterentes
primarias”, Estas caracteristicas fueron confimuadas por estudios posteriores (Sprague y Ha,
1964; Rethelyi y col., 1979).

En la médula espinal sacrococcigea de gato y mono, Rethelyiy col,, (1979), mostraron
una proyeccion abundante de las fibras aferentes primarias a la zona marginal (Kimina 1), a la
sustancia gelatinosa de Rolando (Iimina 1), y al micleo propio (dminas HE y IV). Las
proyecciones a estas tres dreas mostraron ser sustancithmente independientes, Existe también
una imiportante proyeccion cruzada de fibras aferentes primarias que pasa por la comisura
dorsal a la zona marginal y al ndcleo propio (Rethelyi y col.,, 1979; Matsuchita y Tanam,
1983), y que contribuye a I expansion de la comisura dorsal caracteristica de los dltinmos
segmentos espinales lumbares y sacros.

En rata, las fibras aferentes primarias siguen el mismo principio de organizacion de
otros mamiferos, en lo que respecta a su distribucion en el asta dorsal: Ias fibras nxis delgadas
terminan en Jas Kminas superliciales, y las fibras nuis gruesas llegan a las liminas mds
profundas (Light y Pearl, 1979)., Sin embargo, fibras aferentes prinurias viscerales,
presumiblemente finas, terminan en las Kiminas VILy X (Grant, 1985).

En el borde laterodorsal de la Idmina VI de los segnentos Lo y ST, estid Ta zona de
traslape entre los nicleos simpdticos y parasimpdticos (Nadelhaft y Booth, 1984). El nicleo
parasimpitico sacro del borde dorsonmedial de la kmina VI de 1.6 y ST, recibe conexiones

primarias directas de fibras alerentes primarias finas (Grant, 1985).
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El patrén dendritico exhibido por estas neuronas preganglionares en rata, es similar al
patrén correspondicnte en gato (Nadelhaft y Booth, 1984). Las dendritas reciben mtluencias
descendentes de los centros de miceién del tallo cerebral (Kuru, 1965), asi como de las
aferentes viscerales pélvicas y de las provenientes de estructuras sonuiticas importantes para las
funciones de miccidn, defecacion y coputacion (De Groat y col., 1Y81).

Las mwotoncuronas de la médula espinal humbosacra estdn distribuidas en varios
niicleos, y no s¢ puede hablar de una verdadera limina IX en rata (Molander y col., 1984).
Existen 4 nicleos de motoneuronas en los segnentos L6y St: dorsomedial, ventral,
dorsolateral y retrodorsolateral (Schoeder, 1980). Las motoneuronas de estos ndcleos nervan
a musculos del piso pélvico, entre ellos a los misculos del diatragnu pélvico (Breedlove y
Arnold, 1980; Jordan y col., 1982; McKenna y Nadelhatt, 1986; Lucio y col., 1990). En rata
macho se ha mostrado que un masculo pélvico puede estar inervado por motoneuronas
distribuidas hasta en tres ndcleos distintos (Lucio y col,, 1990). Dimorfismo sexual en los
nicleos motores de ln médula espinal lumbar se ha descrito en rata (Breedlove y Amold,
1981). Diferencias significativas entre hembra y miacho, con respecto al tanuiio y al namero de
neuronas, s¢ han encontrado en los nicleos dorsolateral, ventral y dorsomedial (Breedlove y
Arnold, 1981; Jordan, 1982). Las neuronas del ganglio de la rafz dorsal y de los ganglios de
adena simpdtica correspondientes a los segnentos L6 y S1, también muestran diferencias
sexuales (McKenna y Nadelhaft, 1986). Se ha mostrado que fas neuronas del nicleo
dorsolateral y del niicleo dorsomedial, y los misculos que ellas inervan, estdn bajo control
hormonal, y que tal control hormonal es el responsable del dimorfismo sexual (Breedlove y

Arnold, 1981).

En otro de mis estudios (Pacheco y col, 1987), analizunos la organizacion neural de
los dltimos segmentos sacros y coceigeos de la médula espinal del gato, utilizando el método
de la estimulacién de raices dorsales intactas y seccionadas, y del registro de I actividad de las
rafces ventrales correspondientes. Encontramos que dichos segnentos de la médula espinal

sarecen de una organizacion refleju uniforme. La estimulacidn supraumbral, en cada uno de los
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ocho scpgmentos analizados, produjo respuestas en las raices ventrales con caracteristicas
especificas a cada segnento. Después de o seccion de la rafz dorsal, la respuesta
monosindptica mostré un aumento, principalimente en aguellos segnentos que antes de la
seccion, exhibian un débil reflejo monosindptico. Las respuestas de I raiz dorsal no cambiaron
con la seccion, Esta falta de uniformidad en la organizacion refleja puede indicar algunos
aspectos de la complejidad anatdmica y funcional del drea pélvica y caudal. El hecho que

hayamos encontrido actividad predominantemente polisindptica en el segnento 82, por Ia
estimulacién de la rafz dorsal completa, correlaciona con Ia falta de respuesta monosindptica,
que ocurre cuando se estimula el nervio pudendo (Dubrovsky y Pacheco, 1980; Jolesz y col.,

1982; Dubrovsky y col., 1985).

Esta porcion terminal de la mdédula espinal estd  relacionada a una de fas partes mas
complejas del sistema nervioso autonome: los plexos abdominales y pélvicos, sitios de
convergencia y divergencia de las vias simpdticas y parasimpdticas, De los iltimos segmentos
lumbares, de los sacros, y de fos ganglios autondmicos, se originan fas fibras nerviosas de los
nervios que se distribuyen sobre fas estructuras pélvicas. En namiferos, los principales nervios
son: pudendo, pélvico, hipogdstrico y genitofemoral; los prinxros tres estidn relacionados con
el plexo pélvico.,

Enla rata, la mayoria de las células preganglionares simpdticas, se proyectan desde los
segmentos espinales lumbares, via los nervios esplicnicos lumbiares, cuyos axones hiacen o no
sinapsis con las células posganglionares del ganglio mesentérico inferior. Los axones que no
hacen sinapsis, después de cruzar ¢l ganglio viajan por el nervio hipogdstrico, que a su vez estd
constituido por axones de las células postganglionwres del propio ganglio mesentérico inferior.
Estos axoncs, pre- y postganglionares se dirigen hacia el ganglio pélvico, neis cercano a los
Organos efectores.

El resto de las células prepanglionares simpdticas, se proyectan caudalmente en fa

cadena simpdtica paravertebral fornando sinapsis con las neuronas postganglionares de los
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ganglios lumbosacros de dicha cadena; los axones postganglionares llegan a los drganos
pélvicos via los nervios pélvicos, los cuales tunbién se dirigen hacia el ganglio pélvico.

Las células preganghionares parasimpiticas, se proyectan desde los segnentos espinales
sacros, a través de los nervios pélvicos cuyos axones hacen o nd sinapsis con s neuronas
postganglionares del panglio pélvico.

En general, se reconoce que las ncuronas preganglionares simpddticas y parasimpdticas
estdn espacial y funcionalmente separadas, sin embargo, ésto parece no ser el caso para la
inervacion postganglionar a los drganos pélvicos (Jiinig, 1987). Existen evidencias de que
axones de ambas divisiones autonomicas, forman sinapsis con la misna célula del ganglio
pélvico, y que ademids, solamente algunas neuronas postganglionares inervan directamente i
sus organos blanco, por ejemplo en el caso de T musculatura lisa vasculur o de algunos
musculos viscerales. Las neuronas postganglionwres que no pertenecen a este grupo, ejercen s
control a 6rganos cfectores de forna indirecta, a través de otras neuronas periféricas, por

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

El estudio del papel del sistema nervioso en la modulacion de la actividad visceral
pélvica avanza con mucha dificultad, aunque muchos esfuerzos se le han dedicado. Por
ejemplo, Oliver, Bradley y Fletcher han deserito mucha de la inervacion 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 miccion, principalmente en gato y mono (1969, 1981, 1983, 1984,
1986; 1989; Roppolo y col.,, 1985; Thor y col., 1989); asi mismo, Jinig ha investigado las
aferentes viscerales de los Grganos pélvicos, enfatizando en la nocicepeion visceral (1980,
1987).

Un factor que ha complicado las investigaciones sobre el significado funcional de esta
inervacion nervios, es ki complejidad de los plexos en los aninales experimentales. Asf, para el
estudio de Ia actividad ganglionar que regula das visceras pélvicas en nuuniferos, los
investigadores han buscado el "modelo ideal”. Segtn Purmton y col. (1973) y Gabella (1985),

tal modelo ideal se encuentra en el plexo pélvico de fa rata que "consiste de un ganglio pélvico



tinico con distintos origenes simpiiticos (nervio hipogdstrico) y parasimipdticos (nervio pélvico)
y nervios postganglionares a las visceras pélvicas” (Langworthy, 1965). Sin embargo, los
estudios de Baljet y Drukker (1979, 1980), los de Hulsebosch y Coggeshall (1982) y los de
Dail (1983, 19806, 1989a y b) han revelado una enorme complejidad en el plexo pélvico y los
ganglios y vias relacionadas.

La complejidad en la organizacion de los nervios del drea pélvica ha llevado a
confusion en fa nomenclatury, la descripeion de sus origenes, su distribucion sobre estructuras

periféricas, la composicion de sus fibras, y sobre Lus funciones en las que participan,

Un ejemplo de tal confusion se puede encontrar en el modelo de fa coneja, que a pesar
de su importancia en fa investigacion reproductivi, no existe una explicacion integrativa de su
organizacion anatomica relactonada a la conducta reproductivi. Basados en diseccion gruesa y
estimulacion eléctrica de muisculos estriados en conejas adultas, el propdésito del sexto trabujo
de esta tesis (Martinez-Gomez y col., 1996) fue ayudar a corregir esta carencia descubriendo el
origen, insercion y accion general de mudsculos asociados con el tracto vaginal, junto con las
glindulas odoriferas, Comparada a las vaginas de la rata o Ia gata, la Lirga vagina de la coneja
fue caracterizada por una musculatura  compleja  bien  desarrollada,  Los  nuisculos
bulboespongioso, isquiocavernoso, constrictor vestibular y constrictor vulvar, pobremente
desarrollados o adn ausentes en la rata o la gata, se observiron particularmente conspicuos.
Las glidndulas odoriferas incluyendo las ahora identiticadas por primxra ves, glindulas
prepuciales, fucron también una caracteristica distintiva del tracto y region pélvicas. Sugerimos
que estas estructuras pueden representar especializaciones (ue subyacen la ripida copukicion y
el purto breve, asf como la bien desarrollada fa comunicacidn quimica, todas caracteristicas de

la eficicncia reproductiva de Ta congja,
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Como se puede apreciar de lainfornacion precedente, el modelo nearornuseular de
region pélvica ¢s altamente complejo y carece adn de mlormacion basicn. Diversos
cuestionamicntos pucden hacerse sobre la dindmica funcional del drea pélvien.

El prinero ataiie i su musculatur, Desafortunadaniente, gran parte de v imvestigacion
sobre ¢l aparato nenromuscular haignorado el consejo de Sappey de hace vis de o siglo: "l
levator ani es uno de los madsculos nis estudindos y -, al misio tiempo, del que nenos
sabemos, La doctring de continuidad de fibras eatre dos o s mwascolos de accion
independiente, ha sido aplicado en varias Epocas cientificas, v este antiguo crror, venovado sin
cesar, ha contribuido singularmente a complicar su estudio” (citado por Wendell-Smith y
Wilson, 1977). La atencidn prestadia a estos imtsculos en el hombie, radicacen fy alta trecuencia
conguc se presentan desOrdenes en su funcionamiento, sobre todo en mujeres. Adenuds, porque

se ha reconocido importancia a la musculatura circumvaginal en T respuesti sexual [emenina.

El scgundo cuestionamicnto se remite al cstudio de la dindmica funcional del drea
pélvica en animales. Uno de los problemas atafic a I inervacion, Enomuchas especies, se
observa un alto grado de complejidad en Ja distribucion y el origen de los nervios del dre:
pélvica que, como yi s¢ anotd antes, se debe en parte, @ la estrecha interaccion entre el sistema
nervioso somdtico y el auténomo. En rata existe L confusion conceptual acerca de Ty anatoimia
y nomenclatura de los nervios pélvico y pudendo. Ea mayoria de los autores (Greene, 1935,
Kollar, 1953; Carlson y De IFeo, 1905; Baljet y Drukker, 1980; McKenna y Nadelhalt, 1986),
coinciden en describir el origen del nervio pudendo a partir de fos segnentos 1.6-S 1. Pero para
describic ¢l origen del nervio pélvico, existen diversas tendencias. Greene (1935) no o
menciona en su anatomia de la rata, que es adn consultada por muchos investigadores, otros lo
consideran como una rani del nervio pudendo (Kollar, 1952), o que se orging directamente
de los segmentos S1-S2 (Reiner y col,, 1980), o que junto con el nervio pudendo, sc origing
dircctamente del lamado tronco 1.6-S1 (Baljet y Drukker, 1980; McKenna y Nadellatt, 1986).
El nervio pélvico ha sido considerado exclusivamente autonomico (Hulsehosch y Copgeshall,

1982), sin cmbarpo se ha descrito (Peters y col., 1987) ue tunbién conticoe un componente
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soniitico el cual, en observaciones preliminares realivadas por nosotros, aparenten s ile juepil
un papel muy importante en la dindmica neural del piso pelvico,
La imensa cantidad de reflejos que se susciton, por ejemplo, durante T copula o el

parto, requicren para su estudio de informacion anatamica y hisiolopien bision,

Lis  importante  entoncees,  realizar mvestipaciones  cuidadosas que ndaguen
cspecilicanente Ta naturaleza y I dindinica de T actividad de los nervios pélvico y pudendo en
relacion a la médula espinal y o los ntisculos del drea pélvica, AsT misthio, es neeesario
saracterizar la participacion de komusculatura pélvica, Jisa y estviada, enas maltiples funciones
que en esta drea se suseitan, Finalmente, resulta relevante of andlisis integrativo de T actividad
refleja pélvica reproductive,  posiblenente modulada por s hormonas sexuales

desencadenada en machos y hembras por la estimulacion costal,
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INTRODUCTION

In most terrestrizl mammals, the caudopelvic musculature can be divided
into (i) truc sphincters and muscles tethering the sphincters 1o surrounding

structures, the sphincter cloacae group, and {i1) muscles which flank the:
visceral outlets, bilateral structures attached to the inner aspect of the pc!v:s
anteriorly and laterally, and 10 the lower segments of the vertebral column

posteriorly {38, 49). The levator ani complex, or muscle dxaphranm pelvis,”
is the main component of the sccond group, which has been refcrrcd 10 as
the compressor cloacac group by Wendell-Smith (48). Traditionally, the
levator ani complex has been considered to consist of the pubococecygeus, |

the iliococeygeus, and the coceygeus muscles (41, 45, 48, 49). The puborec-
talis, a2 muscle unigque to the human species (43), is thought by some -
researchers to be part of the levator ani complex (35, 435), whereas other

researchers consider that the puborcectalis and the decp sphincter ani
externus (SAE) form an indivisible anatomic and functional unit (32, 41).
Many EMG swudies (12, 18, 19, 21, 22, 25, 43, 46), however, have

demonstrated that both the puborectalis and SAE muscles show a continuous -

level of activity which continues even during sleep. The firing discharge
rate of these muscles in a resting state is 3 to 4/s, a rate fur lower than.
those observed in typical untigravity muscles such as the soleus, whose
discharee rates are 8 10 10/s in the standing posture (47). :

From a study of the activity of the SAE and other pelvic floor muscles,
Porter (36) concluded that it is of reflex origin, with the afferent impulses
arising from the pelvic floor muscles themselves. He called this “the postural
reflex of the pelvic floor.”

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

A prevalent notion is that the pelvic floor muscles behave as a unitary
mass (12, 13, 36, 48, 49). This proposition is difficult to reconcile with the
fact that besides being a main support for pelvic viscera, these muscles
participate in a number of distinct and complex behaviors, i.c., continence,
defecation, and micturition, and sexual and reproductive activities. ©

We “examined the problem of activation of pelvic flgor muscles to
determine whether they contract as a unit or can be-selectively activated.

Funher, some aspects of the spinal segmental organization of pelvic floor.
muscles were examined. Preliminary results of this work have been reported

(13, 14).

METHODS

Adult cats were: ancstheuzcd wzth ether and a&er tracheostomy and
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| ‘Ilu. rudmi ancry and xun were. cannulatcd for hloud prcwu:c nnmuunug _-,.'_i ;
Cand® 1v.,mf'u51on respecmcly Dcxlran W'IS miuscd \\hz.n bluud pus:uru{f* "
_d;crcas;d to lcss ﬂmn 80 mm-. }Ig N SN - , :

= After tr:msecuon of the spmal cord cthﬂr w::s discnnimu d\.md IhL_""-

__:ammnis w;re pl'lCt.d maspmal unit, mth the hc.ld ﬁ\Ld h) R nnmr.mm.mc S
-?;:"'hcad-momh psea firmly anachad to a ng,:d bar.. The lumhus.tu al and:
caudal regions: of thc spmal cord were, e\posed by bxi.m.m' h:mnuu‘)my .

- Thc skm cdgcs \\ere smched 10 1hc mual spm.ﬂ umt. :md wurm (17“(‘) T
_..r»mmeral oil was pourcd into- the. pool so_formed. The: n.mpt.r.uurc of the. . -
- pool was’ mammmcd wnh an mfr:md lamp rLgulau.d lhrou!,h iy !LthJL'n

o cxrcuu prov:dt.d by a tcmpc.mlun_ comro'kr Y.S:L The dorsal .md vemtral
'..roots S?., S3, "and . Cxl were. s‘.pamud and - pn.parud for n.mrduu, .md"' o
'snmulanon Thc pudcndal nerve; 1ps:l.m.r.xl 1o the: suix. of the pnp.xm&x‘- .

roots, and ns hc,morrmdal branch \»crc dxss;cud om aud mmmu.d for -

- eicc.tncal sumulauon

" The lypcs of alﬁ.rcm ﬁbcrs sumulau.d were momlorud h}, n_cunhnb ith

achrem voli::ys from’ ‘the sacral and caud.ﬂ dor:..zl roots.. The mini: 11" -

current ncccssnry to elicit a volley in the toots was kan a8 Ihs. threshold
(T), and’ the intensitics’ of SUbSLQUCﬂl :.nmul.nmns \\uc L\]‘H’L\\Ld as-

: multiples of that’ v.ﬂuc

Thrcshold valm_s were: usu.lil) abom "30 10 '3()0 ;u\ fur hmlnmc pu!:.ut |

of 0. O) 10 0. I ms duration dLll\Lde at I/s. Potentials were .tmphl:uj on

I"’ Teklrom\ pr«.‘:mpltﬁg.rs setat 0.1 Hz (lm\) and 10 KHz (high) frequency

© response. “After further dmpl:ﬁmnon potentials were displuyed on 4 363
‘Tektronix oscilloscope, and filmed from it with.a Gr.m cumer,

Somatic stimulation wus effected by brushing the skin with a fine

; ha:rbrush' by touching the skm at' the basc of the i, f)de.nd.h. and upper

hind limb regions; and by p:nchmg a fold of skin, gradually increasing the

 pressure. To study the ialcm.y and fo!lomng m.qm.ncu.s of the response,
_needlz electrodés were: inserted 1hrm11,h lhc skm ol lhm. nun.u. for

electrlca! snmulauon

The t'ollov.mg pelvic floor’ musch.s as dLSCﬂde and n.m:::‘._m C much |

(1) were exposcd the Sphmcu.r ani externus, the abductor caudac internus
or coccygeus, and the h.v.nor ani or pubzo&xud.lhs muscl«.. The second and

third of these musdc.s form a vertical pclvzc dr‘:phrabm wlmh cluses ofl the

pelvic cavny {1 l) As the cﬁi.cls .of S2 ventral root sumul.mon were bmng o
- .10 be cmmmcd the deX!dl sar.rocaudahs dorsahs lateralis ‘muscle 10),
- which has bcen dcscnbed by some authors as the deml division of 111:.

longxssamus dors: (38), _\\as also. cxposcd and prcpan.d tor. rwordmg
Anatomical stud:es lndlcate that- Ihls musclc. 1S mncrvakd by 2 sepacte
nerve trunk ascendmg lrorn 1hc. sacral region wnh a nwor compum.m I' rom

2o . s SRR
_‘_‘_m:}l_iwmuscles were under \Vafm_mmﬁﬂﬂ_ﬁﬂm.:\_mml_nnsw ael :“._....._...-q._-‘ AR
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For EMG recordings, two copper wires, campletely insulated C\CCpl for 1
mm, were threaded through each of these muscles, with the umnsul.ucd
seetion buricd in the muscle. Signals were amphfied and recorded as
descnibed above.

RESULTS

Ventral Root Stimdation. The distribution of spinal motor efferent fibers

1o the various muscles studicd was investigated 1in cight animals,
Sumulation of S2 ventral roots elicited wwitch responses from the SAE
in ol animals examined (Fig. 1). Only in one instance was a response from
the SAE observed with stimulatien of S3 ventral roots. Consistent with
Boeduk's (7) anatomical studics, stimulation of S2 ventral root also acuivated

the sacrocaudalis dorsalis lateralis muscle (Fig. 1). Stimulation of S3 and.

Cal ventral roots always elicited responses in the other two muscles studied:

the tevaior ant (pubtocaudalis) and abducior caudare miternus (cocqgus)
tfia. 1)

Thus the results of ventral root stimulation revealed tha diflerent pclnc _
floor muscles receive their neural motor supply via different spinal segments., -

Periphieral Stimufation. The various muscles of the pelvic floor region
could be reflexly activated cither individually or as a mass unit depending
on the intensity of the stimulation. |

Natural or electrical stimulation of pudendal regions on either side of
the body clicited responses of the SAE. The anal reflex {i.e., contraction of
the SAE in response to perianal scratching (22)] when clicited by clecinical
stimulation of perianal regions had latencies of 7 to 9 ms, (Fig. '7A) and
could faithfully follow frequencies up to 6 to 8/s.

In contrast to the biluteral activation of the SAE muscle, acuivation of -

the levator art and abductor caudac internus muscles could be lateralized:
tactile or electrical sumulation of the dorsolateral surfaces at the base of
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FiG. 2. Reflea activation of pehi e oor musdcs er[l)—-lgfz k:\.nur ani, 1+ \m-—-nl,m lc\.uor

ani; A, mdmdu.s!l) and B.asa nuss unit. Mus..lc n.s;mns..s dlsl’ll.!\Ld in .ﬂl pamls s 1 upper _'

row lcﬁ.

the. tail ‘region ( 38) clicned 1psﬂ.m.r:x! n.spnnsx.s irom these musx.lua (} . :

2A). Muscular responses 10 the electrical stimuli- had laencies of 8 10 10

ms, and thc lmlch rcsponscs c0uld cons:stcmi) loilm\ fmqmnuua up m 3 ; |
tobjs. .. . e IR
Incrcasmg., thc ;nlcnsxty of sumulauon cnhc.r by augmcnum. the prcssurp ,
‘applied on the fold:.d skin or the current’ d{.]l\Ll‘Ld (to 23 mA). pn_oduu.d
-simultaneous contraction of all musclcs (Fig. aB) R
Transection of one pudmdal nerve did nm '1ltu' lh(: level of tonic 1Lllul)

| (2 10 4/s) of the SAE. However, bilateral transection of the, pudc.nd.zl nerve
- entirely abolished both tonic activity and phasu. responsiveness of the SAE

‘without affecnng lhe acuvny of the lcv.nor am and abducmr c.:ud.u. ml‘.rnusi_’ :

-'musclcs (Fig. 3)."

Pudendal Smnu!auon Thc clmncu.nst:cs of lht. Slehll sq,mmul arga-- -

"mzauon of pudunddl dﬂ‘cn.nt fibers were mwsu;,.ncd in six animals. First,
the hemorroidal nerve, a. bmnch of' 1hc pudc.nddl nerve 1h.n InnCrvies ﬂu, ;

‘SAE was snmulzm.d Thc..n the pudgnd.ﬂ nenvein s cmuu) wats sumui.u-.d

_'_-;*%-__Sacrai v;.mml roms S2 .md 33 wen. 1mnscuul in 1h..sc c.\anmLms .wd__'_ RS
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1G. 3. Effccts of bitateral pudendal transection on reficx uctivation of pelvic lloor muscles.
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cral pudendal section, lowsr row, onty levator an muscles were activated.

dendal nerve sumulation clicited only polysynaptic reflex responses. It
s not possible to observe monosynaptic responses {4) 1o pudendal nerve
nulation cither with maxima! stimulation or with tetanic priming stim-
uon (50075 biphasic pulses 0.1 ms at 6 T for 30 s) {Fig. 4). Because
snosynaptic discharges might have been missed in the entire ventral root
ivily, In three experiments small filament bundles werc prepared by
—ion of S2 ventral roots, and potentials were recorded from them in
moase 10 electrical stimulation of the ipsilateral pudendal nerve. No
snosynaptic responses were detected under this condition {Fig. 4).

Fhat the preparauons studied could sustain monosynaptic ventral root
sonses was verthed in all cases by the presence of monosynaptic responses
S2 and S3 ventral roots (latencies of less than 1.2 ms afier afferent
leys recorded from the corresponding dorsal roots, high-frequency follow-

more than 100/s, and constant delay) when S2 and S3 dorsal roots were

:etly stimulated (26).

DISCUSSION

\ithough not demonstrating a selective activation of difierent pelvic floor

~legs dunng different behaviors, the results presented in this paper show .
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FiG. 4. Ventral rooOt rcsponscs 10 pudmd.xl mru. sumul.mon Honzonu! upm.r Tuw:

responscs of the entire ventral rost S2 (VR S2) and from filament bundics of- VR §2. middle

and right pictures. Dorsal root of S2 (DR 82 recordmg of afferent volicy from duml rool 82,

a PTS—postietanic simulation. Middlc and lower horizontal row, eifcets of mamc stimufation

(500/s, 0.1 ms, pulses for 30 s) of pudmdal nerve on ventral root rcSponscs, after 1 nud 3 mm o

of stimulation respectively. Arrow umc of test pud:nd.xl sumuh \Io monusynapm. n.spunscs
are observi cd : ’ . : -

Ventral root sumulauon or ertphLml n.ﬂc.\ dcuvauon produccd Al n.:.pons‘. o

in_the SAE mdr.pendeml_v_.oL.tha_lmman_mLﬂsnA Ahaahdinenn --‘--’-{w: SR
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mammals (37, 48). Furthermore, tonic activity and phasic responses of

miuscles of the compressor cloacae groun were not afiected by bilateral

pudendal transection, which totally abolished all activity in the SAE muscle. |

Our finding that the SAE muscle responded to stimulation of cither side

of the body is in keeping with results of other authors, Bishop. (6),
Gunterberg e al. {21), Jolesz et al. (24), Wunderlich and Swash f:O) who
also confirmed Sherringlon’s (42) carly {1892) observations on the oxcrhp

in the distnibution of motor fibers from the right and feft puu.nd.ﬁ nerves.

In contrust to the SAE responces, responses of compressor cloacae
- muscles, the levator ani and sbductor caudac internus, could be lateralized.

= Simitar results on the lateralization of the innervation of the pub.m.cmhsﬁ ‘

were recently obtained during surgical intervention by Percy of af. (35) in
a study of the motor nerve supply of pelvic floor muscles in humans. They
found that cuch puborecialis muscle is innervated by direct hranches of

sucral nerves and that “each side of the puborectalis is supplivd only by the

nerves from that side.™ Taken together, these observations indicaie that the
neural mechanisms subserving control of sphincter cloacac muscles difier
from those controlling muscles of the compressor cloacac group.

The pudendal nerves innervate bolh striated sphincters, ana! and urethral,
and pudendal skin regions (8, 39). Although the anal and urethral

sphincters possess a muscle 5pmd ¢ appdr.uus {33, 43, 46), no monosynaptic

responses were recorded in this study trom sacrul ventral roots aller
pudendal nerve stimulation. Monosynaptic excitalory posisynaptic polentials
(EPSPs) have been recorded from sacral miotoncurons in response to
pudendal nerve stimulation (23, 27). However, these EPSPs had low
amplitedes (rarely larger than 0.5 mV) and low frequency connectivity; less
than haif of the motoncurons tested received monosynaptic EPSPs. These
factors could account, in part at fcast, for the absence of monosynaplic
Tventral root responses to pudendal stimulation in spinal animals (24).
‘=-*ilnnoswnup1ic ventral root responses after stimulation of neck muscle
atlerent fibers are rarely observed in the cat (1, 2, 9, 37) cven though the
dorsal neck muscles are richly endowed with muscle bpmdlw (20, 40).
These muscles, however, display a well developed tonie streteh reflex {3)

which allows for integrative neural mechanisms of a far higher order than

that displayed in the tendon jerk resulting from 2 sm!,lc sym.hronou:, in-
put {28). .
It is temphing o supgest that in muscles like those in the dorsal m.ck

reeion that interact with vestibular and oculomotor systems in the coordi-

naton of exye-head movements (3), and in muscles fike the SAE subjected
to muluple influences {e.g., postural, respirmtory, as well as the segmemal

tnput), the finul common paths arc heavily dependent on supmsegmmtal
~nput (19, 27, 29y,
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130, 44 is d:ih.n.m for the SAEand lor th dmphr.n.m ml\u mmh. g
: _cumph.\ it follows [h..ll functional L\.mun.man of the pgl\:; Huur tmmu-
| "l.mm, should. s.xmple its d:ﬂlmm musch. componcnts individually.
" To consider an EMG s.xmp!mg 0!' the SAE activily. us uprnuu iive ui;
the. functional state of 1he entire pelvic floor -muscubtuie- would . be L
: ',crruncous and nns!:.admg, W\_ thmk that: the scluuu muml umnumnv:.'*

''''''

. (.dfcrcm and cﬂcrgnt) of cach. pglwc floor: an'iL"" simuld also lu t.xkcn mo.
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‘than hitherto suspected. Indiscriminute stimulation-can coavtivate muscles
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patierns’ of acuvuy, whgrcby as one contracts, ot hu’s n.h\ or uu \mr

o (8.41) undcr normal ph\smlof.,zc cundzi:om

- The results prcscmcd also- mdxc.m. the nu,d m s;:mh Inr un..muui*f
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Effects of Genital Stimulation upon
~' Spinal Reflex Activity of Female Cats under
Various Hormonal Conditions
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PACIHECO, PLCoBEYER, Gy MENICANO AND K, LARSSON. Frreces of gemtel stinmudenon ipon spined retley cotiviry of
female cats under variows hormonal condigions, PHYSIGL, BETEAV, 17¢H 699 70301976, - Fleetiical responses 1o
stimuletion ol cithier the medial gastrocuemins or the sural nerve were cecorded trom the Ly ventrab ot in fensale spinat
vats (C, - C, level). Experiments were pertformed in 7 intact, 1O ovaricctomized, and 8 estradiol treated ovariectomized
cats, Stimubation of the soral nerve elicited a0 two peaked polysyaaprie response, and stimudation of the medial
gastrocnemins perve prodduced s monosynaptic resporee Tollowed by a comples polysynaptic response, Tactile stimubition
ol the perivalvar skin arca o e neck tnlubited the polvsyiaptic response (o botly siral sond medial gastrocnemins
stimulation and tacilitated  the monosy nuptic response to medial gastrocnenins stimulation, Vaginal and ceivieal
stimulation inhibited the polysynaptic response indoced by medaad gastrocnemius stimulation, Ealtmeement ot the
monosynaptic response to medial gastrocnentns stinvekiion was noted al cessition of cervical stimafation, The elfects
obtained were independent of The endocrine comdition of the animals, The responses here reported siee probuably related to

the posture adopted by the temale cat during coitus,

Genital stimulation Spinal reflex activity

‘ THE ESTROUS cat exhibits a charucteristic behavior when
mounted by the male, Resting on her chest and Torearms,
with lier pelvis raised and her tail etevated and turned to
one side, she exeeutes alternating rhytlhunic movements ol
the hindiegs (lreading) augmenting in intensity  during
intromission. ' The very swine behavior can be induced by
mechanicalty  stimulating  the  petineal region and by
pressuring the skin of the neck (neckprip) [71.

Although desensitization has not prevented mating of

females (4, 7, 8, LI}, importance of genital sensations tor
regulating  female  sexual behavior his been suggested,
however, Prevention of all responses of o female ¢t to
intromission and wechanical stimulation of the vulva by
removing the sacral cord [ ] und failure to elicit lordosis in
rats by mechanical stimulation of the cervix after pelvic
nerve section [S5] are observations which show the par-
ticipation of pelvie nerves in the mating pattern in female
animals. More recently it lind been suggested [ 7] that there
are several sources of vaginal aund uterine sensation during
copulation they may be important for mating responses, for
example, tactile and deep pressure sensation tollowing
insertion of the penis and proprioceptive sensation resalling
from muscular contraction of the vaginal and atenne walls,

The neurophysiofopical mechianisms undertying the be-

Ovaricctonny

Vential rootreconding Flectncal stimsdation

havior pattern exhibited by the cat during mating are not
well understoad, though it is knawn that they ate -
teprated at o tow devel tower brainstem and spinal cord)y,
Thus Bard 2] induced lordosis and treading o de-
cerebrated cats by stimudating the vulvitr or perineal aveas,
The present study was undertaken to explore the effects
of penital stimubition on spinal reflex activity, Sinee the
crouched  position asswmed by the cat during penital
stinnbation presupposes an increased achivily ol the gastro-
cnemius musele, this phenomenon was chiosen tor clectro-
physiological investigation, The approach taken wis to
stimulate clectrically the sural and medial pastrocnemins
perves which supply the skin and museles of the hindleg
and 1o record the resubting clectrica!l activity from lower
fumbar ventral roots before, during and after neck and
genital stimulation under various endocrine conditions,

METHOD
chnimals
Animals used were 25 adult female cats purchased
locally, They were used and treated as tolows: (A) 7 intact,
(BY 10 ovariectomized and () S ovariectomized  and
infected with O pp ol estvadiol benzoate daily for S (o b
davs prior to reconding, '

UThis study was supported in part by Geant 70009 from the Pord Foundation,
? Visiting Protessor from the Unit of Psychobiology Blepariment of Psychology L University of Goteborg, Goteborg, Sweden,
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Surgery

Surgery was carried out under ether anesthesia. The
spinal cord was transected at the ¢, , level tearotid and
vertebral arteries were not clamped). After spinal cord
transection artificial rvespiration  was installed and  the
anesthesia discontinued. ‘The lumbar and sacral sepments of
the spinal cord were exposed, and the left L, -8, veatral
roots cut and prepared for recording, Both medial pastro-
cnemius and sural nerves were disseeted on the left side and
prepared for electrical stimulation. At times both left and
right pudendal nerves were dissected and prepared tor
recording or sccetioning. In order to celiminate afferent
influences from other nerves, the left sciatic trunk was
scctioned below the ramification of the media] gastro-
cnemius, The nerves and the exposed spinal segments were
placed in a mineral oil bath af o constant temperature.

Procedure

In all experiments both the efferent and aftferent volleys
were recorded by means of bipolar silver clecirodes (4 mm
sepatation). The recording electrodes were connected to
Tektronix 122 preamplificrs and the potentials visnalized in
a Tektronix 502 Dual-beam oscitlloscope, A Grass 4G
kymograph camera was used to photograph the responses.
Afferent volleys on the pudendal nerve were recorded in 6
animals, two from cach experimental group. Ventral root

recordings, how(:vcr, were dane in all the animals used in
this study.

Electrical st:muh to the medial gastrocnemius dml sural
nerves were prodmul by a Grass S4 stimulator connected

PUDENDAL NERVE RECORDING

[l(: . Respouse of the pud-.nd.nl nerve o lapping of the periviivar skin areit. O™ and o™

PACHECO ET AL

to s Grass STUS fsolation unit. The intensity ol the O
msee pulses was modulated according to the amplitude and
the configuration of the monosynaplic amd polysyniptic
responses of the venteal roots. Thus, when medial pastro-
cuentus was stimulated the intensity of (he pulses was
ratsed until botht the monosynaptic and the polysynaptic
responses  responses were cleardly obtuined., Two peaked
polysyiaptic response which was wsually obtained by
stimutation of the sural nerve was ased as eriterivny (o
sefect appropriate intensity during the stimulation ol this
nerve,

Stimulation of the genital area was perfonned in two
ways: (1) light touch and tapping of the perivalvar skin by
the finger; (2) inserting a probe into the vagina, shphtly
pressing it against the clitoris and/or the cervix. Inaddition,
a neckgrip similar to that oceurring when the male mounts
the femate was stmulated by pressuring the fur of the neck,
The effect of tactile stimulation of the right hiadlep inthe
splllil responses was also studied far L()lll["lll‘u()ll PUrposes.,

Since the complexity ol the polysynaptic response
obtained by stimulation of both sural anpd medial gastro-
ciiemins nerve made it impossible to use peak beight as o
measure of reflex sive, all-observations were made in terns
of qualitative aspects. These aspects will be deseribed and
ilustrated with figures which are representative examples ol
the effects ohserved in all the animals. However, the
monosynaptic response elicited by the amedial gastroe-
nemius nerve stimulation was quantificd (Table 1) using
the peak height as a measure of reflex size,

CAfter the completion ol the experiment the animals
~were Killed by an ()vcnImL ol Nembutal.

Amvo

i sec
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TARLE

CHANGES IN THE MONOSYNAPTIC RESPONSE FOLLOWING MEDIAL GASTROCNENIUS FLECIIICAL STIMULATTON. T SIZE OF HF
MONOSYNAPTIC RESPONSE WAS ASSUMED TGO BE 100 PERCENTE, AND THE PERUCENTAGE OF CHANGE WAS CALCUTLATED AS A
MEASURE OF THE DEGREE OF FACHATATION (1) AND DEPRESSION (=) QUCURRING, DURING VARIOUS TYPES OF STIMUL ATTON

Contralateral
e stimulation
PPeicent

Clerviny
Stimulation

Viemnal
stimualation

Neckgrp

Tupping stimulation

Days of Days of Pervent Pereent I'ercent I'ercent
it Ovarieciomy Hrestiment change vhange chinpe change change
Intact 4 — _— 200+ 100+
Y — — ) 20(H4 ¢ 20 {4
20 ams —_ 0 RIIE [UH) {0 N0
21 — e LR 150 100+ 100 [ -
22 — - 00 4 HOo (0 ]
RS | — —e 20+ 75 - 20
25 — — 250 ¢ 1504 40) 101
Ovariectomized 5 ] — 150 ¢ o) 4 {] ]
§] |12 e S0+ 0 ) - Y0
7 I8 —_ 1(H) 4 160} J0-- 40 -
bt 17 — 304 70 + S0 e
14 H — 204 504 S0
I 35 — 100 100+ S - 260 - SO -
26 5 — 00+ J00 + 200+ 1504
27 48 — Jo it KO- 1]
IN B — 100 + 1O -4 S0 ]
W) HY s JO0 4 1R { S
- Estrogen 10 2 Y] 200+ 200+ 10+ 150+
treated and I » 13 300+ 200+ 100 ¢ 20
Ovariectomized 2 2 9 150 + 150 + 0 ]
30 Y6 S 150+ 00 OO - St -
il 95 14 200+ 100 ¢ ] ¥
1 40 15 100+ 254 0 ]
33 B I8 100 + 0 0 ()
34 6o S 754 254 0 {]

RESULTS
Pudendal Nerve Recaording

Tapping of the perivulvar skin increased the fiving of the
pudendal nerve as shown in Fig. 1. Two types of responses
were observed: a4, Driel bursts of “on™ impulses, and, b,
shorter bursts of “off" responses (arrows, Fig. 1) The
length of the *on™ and “olfl’" responses varied with the
frequency of tupping (Iig. la and b). When tapping was
performed at an approxinate rate of 8 per sec an almost
steady discharge of impulses was produced. When instead of
tapping, a sustained pressure was applied to the perivalvar
skin, a continuous “on™ response with a tendency to
diminish (adaptation) was recorded, followed by an “oft”
response when the pressure was disconlinued (g, 1¢).

Ventral Root Recording after lectrical Stimulation of the
Sural and the Medial Gastraocnemius Nerves

On stimulation of the sural nerve a complex poly-
synaptic response was recorded from the L, ventral root.
However, as seen in Pigs. Ja and 3, a two peaked
polysynaptic response was the charcteristic pattern of this
long latency response [10 msee). Latencies were measutred

from the end of the stimulation artifact to the beginning of

the ventral root respouse, Tapping (e 2ayand cervical or
vaginal stimulation (Fig. 3) consistently odhibited in alt the

25 animals stwdied the second peak of the polysynaptic
response to sural nerve stimulation,

Stimulation of the medid gastrocnemiis neeve prodaced
a 5 msec monosynaptic response followed by a 12 msee
polysymaptic response as shown in Figs, 2b and 3. Tapping
tFig, 2b) and cervical or vaginal stimulation (Fig, 3)
produced also an inlubition of the polysynaptic response,
Additionally tapping increased the height ol the mano-
synaptic response to medial gastrocnemins stinulation (g,
Ihy The size of the monasynaptic response was compared
hefore and during tapping and the percentage increase wis
caleubrted, As shown in Table T the increase virted between
20 amd 30007, No difterences could be detected between
the effects ohtmned in intact and ovariectomized cats (U =
PS5, NS Maan-Wihntaey U test) and between intact and
ovatiecloniized estrogen treated cats (L= 215 NS

Stirmalation of the vaging or cervix caused  varible
ef fects. Mostly, the monosynaptic response wis depressed
(Fig. 3) but in some cats, Tacitation occurred as shown in
Table T A el rebound factittalory effect was consistently
noted at the end of the corvical stimulation. This rebound
citect also appeared in cases where no preceding depression
of the monosynaptic response was observed,

Neok stimulation caused also fucilitation of the mono-
svosplic response (Table 1), No differences in the response
were observed  under the vartous endochne conditions
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CONTROL

SURAL

MEDIAL
GASTROCNEMIUS

FiG. 2.

PACHECO B

TAPPING

100 1V

10 m sec

Recording trom the L, ventrd root to sl Gooamd medial sastrocnemiug ¢b) electrical

stimulation without {control) and with ¢(apping) stimulation ot the perivalvar skin ea. Note

inhidition ol the second peak of the polysynapiic respotse of surad duting tappiog, ad Greilitation of

the monosynaptic accompinicd by inhibition of the palysynaptic iesponse ot medid gastrocnemius

during tapping. Arrow indicates secomd peak of the smal polvsynaptic response, Recordings represent
S superimposed trials,

analyzed (ovaricctomized vs intact, U = 18 NS; ovatiee-
tomized estrogen treated vs intiaet, U = 27, N§),

Stimulation  of the  contralateral hindleg by light
touching produced a strong inhibitory cffect on the
monosynmiptic response. A rebound eftect was also ohserved
when the stintulation wis disconlinued.

DISCUSSTON

Sherrington [ 12] stated as a general rule that stim-
ulation of a cutapcous nerve excites the motoncurons of
flexor muscles and inhibits the motoncurons of extensor
muscles, Yet, soumie exceptions have been noted, Thus,
Hagbarth {91 found that stimulation of the skin area over
the extensor muscle itsell activated the motoncurons of
that particular extensor muscle, Smcee stimulation of the
skin of the genital area resudting tn intense activation ol the
pudendal nerve facilitated the monosynaptic response of
medial gastrocnenins moloneurons, present findings pro-
vide another exception ta Sherringlon’s rule,

Komisaruk and Larsson {10] found that vaginat and
rectal stimulation blovked the withdrawal vetlex exhibited
in response to oot pinchi by rats. OQur results sugpest that
this elfect is due to an inhibitton ol spinal imderieurons

since genital stimulatton blocked the polysy naptic response
provoked by stimubition of both cutaneous and muscle
Herves,

The female cat assmmes o crouching position when
mounted by the male, To mantain this position and
support the male, o stronge tonie contraction ot the
nstrocneniins muascle in peeded, T fact, this hypothiesis iy
supported by our hindings which showed that this con-
traction as facilitated by sensory stimulation of the genitat
shan area or by o neckprip,

The pudendstl nerve recording shows hiow the sensory
stimulation to the genital skin area could provoke this
facititatory influence. The short “on™ and “off™ responses
could  be responsibie for this cffect. When, instead of
tapping, continuwons pressure upon the peottal skin arca was
applicd, o profonped “on” response with a clear tendeney
to adaptation wais observed, The “off™ response, however,
wis short, Thos, 10 can be assutved that during mating the
made cat provokes short “on™ and ol yesponses upon the
pudendal nerve, The gastrocnemius muscle contraction
mvolved on the fordesis beluvior is then taciiitated,

fhe tendenoy for some female cats to nuintain lordosis
Ater the withdrawn ol the plassrod used tor artificial
stonulation ol the wropenital sinus and vaping J71, can be
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I'IG. 3. Continuwons recording from Ly ventral root Tollowing sl
and medial gastroenemins electrical stbinutation without and with
(black line) cervical stimulation, Note inhibition ol the seconmd peak

ol the polysynaptic response of sural, Note also the inhibition of

both the monosynaptic and the polysynaptic response ol mredial
pastrocnenius during cervical stimudation. Recordings start at the
base of cach figure as arrows indicate,

rebated with the clear rebonnd faalitatory eftect of the
monosvidptic response whinch was consistenitdy noted at the
end ol the corvical stanualation,

The present studies were perfoomed  exclusively  on
termale catss It s onid be interesting to know if the nwale et
shows o siontlay response to penital stimalation as the
female, particutarly e view  of the ditterent positions
assurned by the mvale and Temade cat dumg mating., o

Bard [ 2] and Dempsey and Rioch [o] reported that the
spinal retlexes associated  with estrous behavior can be
easity evoked in both estious and anestious cats. Mopcover,
Komisink and Darsson JHO) observed that btockape of the
withdrawad retlex can be aceomplishied 1o both intact amd
ovatiectonnzed rats, The tinding that the changes elicited
by penital stimuolation were andependent ot the endocrine
condition of the anunal (estrous or anestions, intact or
ovirtectomized) agrees with the above mentioned results,
and imdicates that the well known alteration in sexual
respansiveness tollowing estrogen admimstration are duae to
action ot the hormone ot higher nervous levels, :

The different effects obtained by stimulation ol the
various regions of the genital tract may be due (o their
ditferences in ocurat innervation. Thus, the pudendal region
as well as the vagima receives its mgnn nearal sipply from
the pudendal nerve, while the cervix is innervaled by the
petvic and hypogastric nerves [ 3],

In some prefimnary expernnents the pudendal nerve was
cut bilateralty and o dimmshed though not complete
hlockage of the effects induced by tapping was observed,
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The efferent innervation of the pelvic and pudendal nerves was characterized in this siudy by identifying the muscles activated
by clectrical stimulation of the nerves distal to the point at which they bifurcate from the E,-S, trunk. Pelvic nerve electrical
stimulation produced EMG-monitared contraction of the ipsilateral ilio- and pubococeygeus muscles, which was abolished by cuttiog
one (‘muscular’) branch of the bifurcated neeve. (This ‘muscular” branch receives proprioceptive input activated by tail displaceinent,
whereas the other, ‘viscero-cutancous’ branch receives sensory innervation from the midline perineal region)Pudendal nerve
electrical stimulation produced contraction of the coceygeus, external anal sphincter, and ischiocavernosus muscles. Movements of
the orifice and wall of the vaging were directly visualized during electrical stimulation of the two nerves. Inteavaginal pressure
measured by balloon was increased by pelvic nerve stimulation and decreased by pudendal nerve stimulation. Reflexive contraction
of the ilio- en pubococeygeus muscles was produced by mechanostimulation of the perineuny, clitoral sheath and distal vagina. This
response was abalished by gentle cervical mechanostimulation. Gne implication of this finding is that passage of the fetuses through
the cervix during parturition may rehax the ilio- and pubococeygeus muscles, thereby facititating delivery.
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fibers?!, facilitates the lordosis response
sexual receptivity™ in rats, and modifics spina

INTRODUCTION

The pelvie and pudendal nerves contain sensory and cranial®! reflexes.

components that play an important role in repro-
duction. In female rats, the pelvic nerve receives
afferent innervation in part from the vagina and
perigenital skin™® and cervix™, and transection of
this nerve in rats blocks pregnancy' and pscudo-
pregnancy®, probably by preventing prolactin release
in response to mating'. Pelvic neurectomy also
blocks mating-induced ovulation in pentobarbital-
blocked rats'?, indicating that the increase in plasima
luteinizing hormone in response to mating®' also
may be mediated by activation of this nerve. Vaginal
mechanostimulation, which activates pelvic nerve

The pudendal nerve receives sensory innervation
in part from the perigenital skin and clitoris. The
size™ and sensitivity? of the sensory skin ficld of the
pudendal nerve is increased by estrogen treatment or
during the behavioral estrus phase of the estrous
cycle! and consequently may also play 2 role in
regulating sexual receptivity in female rats,

While the visceral-motor role of the pelvic nerve
has been studied recently®'™7, less attention has
been paid to the somatic efferent functions of this
nerve.,

The pelvic nerve in the rat contains parasym-

Correspondence: B.R. Komisaruk, [nstitite of Animal Behavior, Rutgers, The State University of New Jersey, Newark, NJ 07102,

U.S.A.

(XX}6-8993/89/803.50 @) 1989 Llsevier Science Publishers BV, (Biomedical Division)
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athetic™ and sympathetic' components, hat it
fferent distribution beyand the pelvie plexus™ has
ot been completely determmed, Incat, the pelvic
erve carries parasympathetic preganghomces to the
rinary bladder” ™74 electrical stimulation
roduces contraction of the detrusor muscle i the
ladder®? and it forms the efferent purt of some
ymato-vesical reflexes™. The pelvic nerve also
istributes fibers to the urethra’,

The pudendal nerve contimns several somatic
tferent branches that distribute to the external anal
ad urethral sphincters in the rat™ and cat. 1o the
it some branches of this nerve are purely cutancons
msory®. In cattle and sheep the pudendal nerve
tpplies the coceypeus, retractor ani, external anal
liincter, retractor penis, ischiocavernosus and bul-
scavernosus muscles®, In the female rat it provides
series of delicate fibers that innervate the coccey-
us muscle? and the extremely fine ischiocaver-
ssus muscle™, In male rats, pudendal nerve effe-
nts also innervate the bulbocavernosus muscle™-
Iso referred to as the bulbospongiosus muscle) and
e ischiocavernosus muscle™.

The objective of the present study was to further
waracterize the efferent innervation of the pelvic
d pudendal nerves in the female rat, by identifying
¢ muscles activated Ly clectrical stimulation of the
wrious components of these nerves. The branch of
¢ pelvic nerve that receives afferent innervation of
e perigenital skin was atso identified.

ATERIALS AND METTIODS

Intact virgin female Sprague-Dawtey rats (250-
)0 g) were used, and since qualitative rather than
iantitative effects of the stinli were studied, we
d not relate the effects to the estrous cycle. All rats
cre anesthetized with urcthane (1.0 g/kg, i.p.).
ipplemental doses were administered when neces-
ry.

Gross anatomical dissections were performed on 5
ts in order to identify the pelvic viscera, muscles,
id course of the nerves innervating the pelvic
gton, To facilitate the identification of the pelvic
reve, the Carlson and DeFeo® description was used.
natomical drawings and photographis of the dissec-
ms were prepared using a Zeiss surgical micro-
ope.

[n another S ats, to taahtue the wdentitication of
the “torated muscles controlled by the pudendat and
pelvic nerves, electromvographic (MG recordings
from the muscles were obtamed following clectigald
stimulation of the nerves or then branclies. The
clectrical stimulation of the nerve was performed
through bipolar stlver chlonide electiodes connected
oo Grrass SITU isolation unit that was activated by a
Grass S48 stimulator. Pulses (0.1 ms duration) at
0.5/s were typically used. The EMGs were recorded
from 0.1 nun dimmeter stndess-steel wires nserted
mto  the muscles and connected 1o Grass 7P3
wide-band AC preamphfiers. The EMGs were dis-
played on i Tektronix 564 storage CRO. o these §
animals, morder 0 measure intravaginal pressure
changes during the clectrical stmulaton of the
nerve, a rubber balloon attached to a pressure
transducer (Statham) was mserted into the vagana.,
In another five rats, reflex EMG  activity  was
obtained using mild compression by smalt blunt
forceps on external structures or a blunt probe
inserted into the vagina, The Zeiss surgical micro-
scope was also used to directly visuatize the vaginal
wall (luminal as well as peritoneal surfaces) during
nerve stimulation.

Recordings of the electrical activity from the left
pelvic nerve of four rats was performed via bipolar
silver chloride hook clectrodes connected to Grass
7P3 preamplifiers. The responses were displayed on
a Tektronix 564 storage CRO. The clectrodes were
placed on the nerve after its separation from the
Ly=S, trunk.

RESULTS

Gross anatomy

The pudendal and pelvie nerves travel maialy in
sptnal roots L, and S;, but they may also travel in
spinal roots Ly-Lg via anastomoses with L, and S,
(Fig. 1A). Spinal roots 1, and §; form a trunk in
which the principal component was observed 1o be
L 1n 12/15 cases (Fig. TA) and S, in 3/15 cases (Fig.
113). The L,-8, trunk, which is fused for a distance
of 5-7 mm, bifurcates into the pelvic nerve and
pudendal nerve. Based on gross anatomical obser-
vation, most of the fibers of the pelvic nerve appear
o originate in §,.

Pelvic nerve. After its separation from the LS,



trunk, the petvie nerve travels caudadly approns-
mately T mm o a dorsal to ventral direction unuf at
arrives at the medial side of the internal dliae vein.
Flere o bifurcation occurs, In order to visualize this
bilurcation, 1t was necessary to cut the uterovesteal
vessels (g, 2). One branch of the bifurcation
traveds to the midline of the body. This consists of 3
bundles that innervate the structures listed i big.
LA, and since the branch reccives sensory input from
skin as wel as viscera (see below) we refer to it as
the viscero-cutancous branch. The other branch is
the muscular component of the pelvic nerve which is
more compact and travels caudally, bifurcating after
5 mm. One branch of the muscular bifurcation
innervittes the iliococeygeus muscle and the other
travels more caudally, innervating the pubococey-
geus muscle.

DPudendal nerve. After separating from the pelvic
nerve, the pudendai nerve travels caudally and at the
level of the medial side of the internad iliac vein
bifurcates. The smaller branch tavels laterally,
bifurcating after 3—4 mm. The two bundles penetrate
the coccygeus muscle and one of them joins the
other pudendal bundles more caudaily. The farger

A :

ex!. ongl sphincter
ext, urethvol spiuncler
chtoeis

pergenilol skin

A . Felvic nerve ‘ Q
nalomy o afterent
pelvic ganglion | recarding runk Lg =5
VISCero - )
+ + bladder cutoneous P m’f\b’ Ny
+ + cervix trorch musculor branch
+ I recium N ,K :
+ inQ /
+ - ureltva i
+ - clitoris _
+ + midline perineg! skin =
QR Longwar thy [LC.Feters, ef ol.
;wesf.)t,m!. Brain Res.
1965}, 1987), o -
> (1567) ischiocavernosus muscle

AW

branch travels caudally and atter S imm divides into
three branches. A small branch, the most medial,
anastontoses with tre tambosacral trunk (that be-
comes the sciatic newve), The other small bianch
travels caudally tnto the ischiorectal fossa to the
peripeal skin. The largest of these 3 branches is the
branch to the clitoral sheath, When it reaches the
clitoral sheath it divides into several branches that
are ndistinguishable from connective  tissue and
from the extremiely fine ischiocavernosus muscle™
that inserts on the crus chitoridis, The other struc-
tures related to the pudendal nerve and listed tn Fig.
LA were not constdered m the present anatonrical

observations.

EMG of the pelvic muscles

‘To facihtate the adentification of the stoated
muscles related to the two nerves, EMG recording of
the iliococeygeus, pubococeypeus, coceygeus, exter-
nal anal sphincter, and ischiocavernosus nruscles
were performed during electrical stimulation of both
pelvic and pudendal nerves near their origin from
the L,-S, trunk,

Pelvic nerve electricat stimulation elicited contrac-

0.5¢cm

Fig. 1. A: schematic representation of the origin in femile rat of the pelvic and pudendal nerves from the tumbo-sacral trunk and
from & branch of §,. The inset summarizes the structures inneevated by the pelvic ganghion based on anatomical evidence, and based
on recording of pelvic nerve afferent activity. Nerves on left side are shown, B: plhiotograph of a vaviation in the branching of the
pelvic and pudendal nerves. Nerves an right side (different animal) are shown, Sce lext for fuither explanation.
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ig. 2. Left and right pancels at fow and high magnification, respectively, showing the somatomator branch of the pelvic nerve that

ipplies the iliococeygeus and pubococeypens muscles.

on of the ilio- and pubococeypeus muscles, The
MG activily started approximately 1 ms after the
imulus in both muscles. Sectioning the muscular
ranch of the nerve abolished EMG activity, white
:ctioning of the viscero-cutancous branch did not.
he clectromyographic components of the pubo-
yeeypeus muscle are less complex than those of the
ococeygeus muscle (Fig. 3). The EMG of the
.ococcygeus muscle consists of a slow wave that is
iflowed by 4-5 rapid components. This slow wave
obtained even at low intensity nerve stimulation
‘ig. 4).

Pudendal nerve electrical stimulation produced
mtraction of the external anal sphincter, cocecypeus
1l ischiocavernosus muscles, or movement of the
itoral sheath and perineal wall. The EMG activity
7 the external anal sphincter and the ischiocaver-
ysus muscles appeared approximately 1.5 ms after
¢ stimulus (Fig. 5). If the tml was manually
splaced to the side contralateral to the nerve, the
imulation returned the tail to the midline, although
il movement was not clicited from a midline
arting position,

Vaginal muscular activity

Movements of the orifice and wall of the exposced
vagina were visualized using the surgical microscope
duting electrical stimulation of the two nerves.
Pudendal nerve stimulation produced lateral dis-

Pelvic Nerve Electrical Stimulation

EMG ?

iliococcyqeus

pubococcyqeus

Stmlug

Fig. 3. EMG activity in the iliococeygeus and pubococeypeus
muscles evoked by electrical siimulation of the somalomoior
Lranch of the pelvie nerve. Secticning of this branch abolishes
this evoked EMG activaty.
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stienatus
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Fig. 4. EMG of iliococeypeus in tesponse to o clectrical
stimulation of the pelvic neyve.

placement af the vaginal orifice ipsilateral to the
stimulated nerve, combined with closure of the anl
orifice. Pelvic nerve stimulation produced medial
displacement of the middle third of the lateral part
of the vaginal wall, observed through the dissecting
microscope, that was positioned aver the abdominal
surgical opening. Similurdy to the pudendal nerve

Pudendal Nerve Electrical Stimulation

ext. anal sphincter

ischiocovernosus

’ bt
2 msec

Shnwbas

Fig. 5. Electrical stimalation of the pudendal nerve produces

contraction of the external wnd sphincter and the ischiocaver

nosus tuscles. Contraction of the coccypeus muscle 15 also
! produced by this stunulation.

stimubation (see abosed, b the ol ob the tar wis
posttoned on the midline, the clectrical stimulation
of the pedvie nerve did not produce movement of the
tml. However, i the twil was manually displaced to
the contrabuteral side of the nerve, the stimulation
“returned the tail to the midline. Furthenmore, upon
cutting the pelvie nerve with a scissors (5 additional
rats), contraction of the tail toward the ipsilateral
side was observed.

The caudal insertion of the tlio- and pubococey-
peus nuscles 18 surrounded by connective tissue that
is attached o the peritoneal surface of the vaginal
wall. When contraction of these muscles was clicited
by clectrical stinmfation of the pelvic nerve (0.1 s
pulses, 5 teshold 1o evoke an MG response),
iravaginal  pressure, measured by balloon, -
creased in proportion to the increase in pulse
frequency (Fig. 0, upper). Pudendal nerve electrical
stimulation was observed o decrease intravaginl

pressure (Fig. 6, lower),

Sensory fields of the pelvic nerve branches
Electrical activity recorded from the pelvic nerve

[ntravaginal Pressure

Tégéns/ stimulation
Q0O
Y
50
- .
p :> Felvic nerve
9
Pudendal rerve
100
B groms

! |
o of!
§ oo o] LY R |

Frg. 6. Elecuical stimulation of the pelvic or pudendal nerve
produce an inctease or decrease, respectively, of intravaginal
pressure measured by a batloon plethysimograph,



PELVIC NERVE

before tronsvchon af ter tronsection

A, tﬁf{fﬁ Mﬁ@dﬁ[

brush skin o

B, move tail 2004V

gy .  pygremnny

200msec _ I00Omsec
ig. 7. Recording from the pelvic nerve before and after transection of its viscero-cutancous branch, The pelvic nerve response to
aidline perinieal skin stimulation (A, left) is abolished after transection (A, right}. although the pelvie nerve response to passive
ait displacement (B, left) persists (B, right).

and the viscero-cutancous branch remained intact,

ear its separation from the LS, trunk was evoked
the activity evoked by skin stimulation persisted.

»y both brushing the skin near the midline between
he vaginal opening and anus (Fig, 7A, left), and by
nanual displacement of the tail to the side contra- Reflexive activity of the pelvic muscles

ateral to the nerve recording (Fig. 71, left). When Contraction of the ilio- and pubococeygeus mus-
-he viscero-cutancous branch of the pelvic nerve was cles was observed during mechanical stimulation of

:ut, the nerve activity clicited by the skin stimulation the external genital sensory ficld of the pudendal and
disappeared (Fig. 7A, right), whereas that evoked pelvic nerves. In order to further characterize this
py tail displacement persisted (Fig. 7B, right). When effect, EMG recordings of the iliococeygeus, pubo-

onty the muscular branch of the pelvic nerve was cut coceygeus, and flexor caudae brevis were obtained

- flexor caudae brevis

05mV

. ) : -~,...._.............__ ' b
perineal fur-traction: __~"" Lji}jm“‘ﬂx

'Fig, 8. Clitoral sheath, pcrmcal teaction, and/or distal vaginal mmu! ition activates a rcncxnc tespouse u[ the pllhvulu)gt.u'i and
“iliococcygeus muscles. _
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Fig. 9. Pelvic musculature activated reflexively by pressure applied 1o the chitoral sheath,

during mechanical stimulation of the clitoral sheath,
perincal fur, or vagina. Traction applicd to the
perineal fur evoked reflex muscular activity of pubo-
and iliococeygeus muscles, but not of flexor caudae
brevis (Fig. 8). Pressure applied to the clitoral sheath
provoked EMG activity in the three muscles, par-
ticularly in the pubo- and tliococeygeus muscles (Fig.
9). Stimulation of the distal portion of the vagina
with a glass probe activated the three muscles (Fig.
10), although not always the flexor caudae brevis
(Fig. 11). If the probe touched the cervix, the
reflexive muscular activity was immediately abol-
ished (the vaginal wall was stilt being stimulated by
the presence of the probe), and the muscular activity

- pubococeygeus

b1 iliococcygeus

-~ flexar coudae brevis

touch cervix

——

probe in vagina

Fig. 10. Gentle mechanical stimulation of the ceevix inhibits
the activity of pelvic musculature provoked by vaginal stimu-
lation.

returned upon cessation of the cervical stimulation
(Fig. 10). When the probe was removed from the
vagina the reflexive muscular actvity continued for
several seconds (Fig. 11). Since the cervical stimu-
[ation was applied manually with a probe and the
pubococcygeus muscle is near the vaginal wall, some
movement artifacts were frequently present in the
recordings (e.g. Fig, 11).

DISCUSSION

The pudendal and pelvic nerves are important
components of the spinal control of sexual, repro-
ductive and excretory functions. However, there is
confusion about the anatomy and nomenclature of
these nerves in the rat, The pudendal nerve is most
commonly described as originating from L,-S, spinal
261930 Confusion exists regarding the
12 does nol

cord segments
origin of the pelvic nerve; Greene
menton i, others claim that it is a branch of the
pudendal nerve' that it emerges from S, and $,*” or
that it originates from the LS, trunk?*. The
present anatomical observations support previous
observations®™¥ that the pudendal and pelvic nerves
travel primarily in the L,-S, trunk. However, this
trunk has two variations (sce Fig, 1), which can help
to account for individuad vacability in shape and
focation of the receptive field recorded {rom some
lumbar dorsal roots of the rat®,

The pelvic nerve, after its separation from the
trunk, travels caudally and bifurcates. One branch
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g. 1, Cervical stimutation inhibits the reflexive tesponse of the pubococeyvpeus and ihococeygeus muscles o vaginal stimufation.
W response persists after withdrawal of the vaginal stimnlation. Notice some movement artificts provohed by the probe which

s applied manually.

msists of 3 bundles traveling to the miditne of the
ady, the tviscero-cutancous’ branch., The other,
ore compact ‘muscular’ branch, travels caudally
id then bifurcates. 1t has been suggested™ that this
uscular branch innervates only the iliococeygeus
uscle; however, based on clectromyograpiuc re-
rdings, we find that one of its branches innervates
¢ iliococeypeus muscle and the other branch
nervates the pubococeygeus muscle, Recently it
1s suggested that one of the pelvic nerve branches
rns caudally and sends branches into muscle and,
parently terminates in perineat skin™, Present
sults indicate that the pelvic ncrvc branch that
rries both vaginal and skin afferents™ corresponds
the viscero-cutancous brauch.

In summary, the viscero-cutancous branch of the
lvic nerve receives scnﬁory input from the perige-
tal skin as well as viscera® and it is also one of the
ferent pathways {from the spinal cord to the pelvic
nglia®®. The muscular branch of the pelvic nerve
ovides efferent innervation of the ilio- and pubo-
ccygeus muscles and conveys sensory activity from
em,

In the female rat, the pudendal nerve distnbutes
series of delicate fibers to the coceypeus imuscle?’
d the extremely fine ischiocavernosus muscle™, Ty
is study the electrical stimulation of the pudendal
rve caudal o its separation from the pelvic nerve
cited contractions of the coceygeus, external anal

sphincter and ischiocavernosus muscles that were
corroborated by the EMG activity of these muscles,

Based on anatomical studies, it bas been claimed
that the ischiocavernosus, bulbocavernosus and le-
vator ani muscles are completely involuted in adult
female rats™** The lumbar spinal cord notoneu-
rons that inncrvate these muscles are smaller and
fewer in female than in male rats™!%¥Y, Despite this
evidence, the ischiocavernosus muscle has been
identified and observed to contract upon electrical
stimulation of the pudendal nerve in adult female
rats™, The present study in adult female rats
confirms and extends the latter finding, showing that
clectrical stimulation of pudendal nerve stimulates
EMG activity in the ischiocavernosus muscle.

The movements of the orifice and wall of the
vagina and the intravaginal pressure changes ob-
served during electrical stimulation of the two nerves
supgest some specific functions of these nerves in
addition 10 those postulated in copulation and
parturition®®, Perhaps during copulation the reflex
activation of both nerves provokes closure of the
anal orilice and opening of the vaginal orifice,
thereby facilitating penile intromission. The reflex-
ive movements of the wall of the vagina and
increnment and decrement of the intravaginal pres-
sure may facilitite ¢jacutation. The contraction of
itio-, pubo- and coceygeus imuscles may produce ¢
rigidity and consequently fixation of the perineal



wall ol the female rat, thereby  facihtating  the
imtromission. When cjaculation vceurs, the seominal
plug may stimulate the cervical receptors, provoking
the inhibition of the muscular contractions and
closing. the vaginal orifice.

Many of the physiological and behavioral adap-
tations serving reproduction in mammals are inib-
ated by tactile stimulation, especially in the penital
region! 1912 Phe motonewron eell populations of
the tumbosacral spinal cord innervate visceral and
skeletal muscles which control voiding, defecation

. 1Y 1 AL e . . .
and sexual fupction®”¥ The functional interac-

tion between these cell groups has received minimal
attention'’. The present results, showing refiexive
excitatory and inhibitory EMG activity in the tlio-
and pubococeygeus muscles during mechanical stin-
ulation of the externat and internal genitalia, indi-
cate an interaction between pudendal and pelvic
nerve function. The inhibitory effect of cervical
stimulation observed in the present study is consis-
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“transition zone of the spinal cord"’

- perineum or lower vagma
- timulation blocks this reflexive acuvatlon
~stimulation of the ‘motor’ branch of the pelvvc nerve,

~ which mnervates these - muscles, increases mtravagmal_
 pressure™
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The present study describes several muscular reflexes 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 pubococeygeus {pe) (striated) muscles produced
movement of the vaginal orifice and wall, membranous urethra, tail and pelvis. Electrical stimulation of the psoas major (pm) or iliacus (i)
(striated) muscles produced movements of the lumbar vertebrae and extension of the ipsilateral hindlimb, Sensory mechanostimulation elic-
ited responses of these muscles as follows: stimulation of the perineal skin, clitoral sheath or distal vagina produced reflex contraction of the
ic and pc muscles. Stimulation of the cervix produced reflex contraction of the pm and i muscles and also blocked the above reflex contrac-
tion of the ic and pc muscles. Both the cervical stimulation-induced blockage of the ic and pe reflex response, and the cervical stimulation-
induced activation of pm and i muscles was prevented by bilateral transection of the viscerocutaneous branch of the pelv1c nerve. Based on
the above observations, it is proposed that stimulation of the vaginal surface of the cervix resulting from penile intromission and/or seminal
plug deposition during mating behavior in the rat may reflexively activate pm and i, thereby contnbutmg to the hindleg postural rigidity and
lordotic dorsiflexion that are characteristic of the normal mating posture in fernale rats

INTRODUC'I'ION_

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

The striated ilio- (ic) and pubococcygeus (pt.) muscles

of the rat, which are mncrvatcd by motoneurons local-

ized in several nuclet of lamina IX in the lumbosacral
24 are activated re-
flexively by mechanosumulatton of the clitoral sheath,
Gent[e cemcal mechanos-
Eieuncal

. Although these muscles have a skeletal ori-
gin and msemon”" they are also attached to the in-
traabdommal SUFfﬂCL of the vagmal wall via conm.ctwc
tissue®®, This anatomical feature could account for
chan,.::s in vagmal pressure that are produced by con-
traction of these skeletal muscles.

- Mechanical stimulation of the upper vagina and cer-

Correspondence: M. Martinez-Gomez, CIRA-UAT, Apartado Postal 62,

vix in urethane-anesthetized, periparturient rats evokes

‘the ‘fetus expulsion reflex’ by increasing intraabdominal

pressure through reflex contraction. of ‘unspecified ab-
dominal musculature and the diaphragm''. Thus, it

seems that cervical stimulation evokes in the abdominal

muscles an. cffect ('1ct1vatmg) different from that ob-
tained in - ic- pe muscles (blockmg of, reflexive activa- .

tion)™. The psoas major (pm) and iliacus (1) muscles are

abdommal muscles that t.ould pamcnpatc in genital re-
flexes. -~ . o

Thert.fore in thc prescnt studv we - analynd lhl.. fol-
lowing proccsses. nature of* the ic-pc and pm-i muscle
reflexive activity evoked by gemt'tl stimulation, the pri-
mary -afferent pathways med:atmg the above mentioned

“muscle response, and the vasceral and somatu, effct.ts of

contraction of tln,sc musclcs.-

MATERIALS AND METHODS

Urethane  anesthetized (1.6 kg in aqueous 20% solution - by
weight i.p.) "apmguc—-Dawlcy rats {250-300 g) were used. The
study wtilized 20 intact virgin females. During the experiments,
'uppimwnnl do ses of uruimne were ddmuustercd as necessary .md |

’I'l;l.x'ca!a, Tlax, 90004, M_cxicu.
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at the end of the expenment the aninals were cathamzed waith an
L.y, overdose of urethane, The animals were mmmtained in a sa
pine position for the duration of the expeiment. After a midhuoe
ventral abdominal wall incision, the viseera were carefully displiced
from the ic-pe and pm-i muscles. AL viscen and exposed tissue
were kept moist with warm saline sohmion. Pairs of stainless steed
wites (0.0 mm diaunceter) were inserted into e museles and pre-
pared for gross clectromyographic (EMG) recordings or electrical
stimulation, The EMG signals were amplified by GRASS 713 wide-
band AC preamplifiers, disptayed on a TEKTRONIX 564 storage
CRO and photographed. Since the EMG was composed of poten-
tials of different amplitude (see Fig. 1), our analysis was based only
on the presence or the absence of activity, Muscles were electri-
cally stimutated with 0.1 ms square wave pulses at 0.5-100 iz and
variable intensities (up to 30 V) that were modulated by the con-
traction response. Pulses were delivered through a GRASS S1U-1
stimulus isolation unit activated by o GRASS S48 stimulator. Care
was taken to avoid displacement of the clectrodes.

Dissections were performed on 3 rats in order 10 corroborate the
origin, course, and insertion of the ic-pe and pm-i muscles™™?. De-
tailed microscopic nnalysis of the membranous urethva i sur-
rounding tissue was performed in two rats with the use of o Zeiss
dissecting microscope. [t was corroborated that the ic-pe muscles
have their origin in the innominate bone of the pelvis and their in-
sertion in caudal vertebrae Ca,-Ca, (sce Fig. 8). Near the veniro-
medial surface of the pubic bone, fibers from both muscles spread
out from the pelvic cavity to imert along the diapaphyses of the
proximal tail via fleshy insertions or by means of small fascia
strands®, It was also observed that before and near their caudal in-
sertion the two muscles are surrounded by abundant connective
tissue that is attached to the peritoneal surface of the vaginal wall.
Fibers that comprise the medial border of the pe muscle are also
attached through connective tissue to the peritoneal surface of the
membranous urethra,

The pm-i muscles are two of the 4 strinted muscles that form the
dorsal abdominal wall, In agreement with previous observations®?,
the arigin of the pm muscle is on the bodies and ventral surface of
the transverse processes of veriebrae La-Le. The origin of the i
muscle is on the transverse processes of the vertebrae Lg-L, and
part of the vertebral surface of the ilium. The insertion of these
muscles is on the lesser trochanter of the femur via a long tendon
(sce Fig. 8).

EMG
pubococcygeus muscle

imulation |~ clitoris RPN '
S O AAMAMMANIIN "

ofter

skin FEPFRET RIS ing
100 yiv | AN '

o
200msec

Fig. 1. Electromyograph (EMG) of the pubococcygeus (pc) muscle
during genital stimulation. There was no spontancous EMG activ-
ity in the pc muscle. One second of probing the distal vagina
cvoked EMG activity that ceased immediately after the probe was
withdrawn (in all cases the ‘during’ trace was continuous with the
‘alter’ trace). Once second of traction applied to cither the clitoral
sheath or the perineal skin evoked an EEMG response that persisted
after cessation of the stimulation (i.e. alterdischarge).

basal
vaging

RESUETS

Visceral and somatic effecis of electrival stimudation of
the jc-pe and pr-i miscles

Divect celectiical stimmlation ol the ic or pe muscles
produced ipsilateral mavenient of the orifice ad wall of
the vagina. Contraction of these muscles moved the tail
towards the midline when it was placed contralateral to
the stimulated side. No il movemcent was clicited by
electrical stimulition of the ic or pe muscles when the
initial position of the tail was at the midline. Eleetrical
stimulation of the ic or pc muscles elicited pelvie thrust-
ing following the stimulation hequency, The vigor of
pelvic movements increased in direct refation o the
pulse frequency. Stmulaton of the pe muscle also pro-
duced movement of the membranous wrethra,

Unilateral electrical stimulation of the pw ar 1 mns-
cles produced movement of the lombar vertebrae and
extension of the apsilateral hindlimb, This effect was
most readily obscrved when the pelvis was hield in o
fixed position. In all the above observations, the rats
were supine.

Effects of stimulation of genital arcas

Mechanostimulation of the perineal skin, clitoral
sheath or lower vagina clicited reflexive EMG activity in
the ic and pe muscles. Afterdischarpe (i.c. EMG aclivity
persisting beyond the cessation of sensory stimulation)
occurred in response to stimulation of the perineum or
clitoral sheath, but not distal vagina (IFig. 1) and was re-
lated to the stimulus duration (Fig, 2).

Whereas the above stimuli had no observable effect
on the EMG of the pm and { muscles, when the intrav-
aginal probe touched the cervix, these muscles becume
strongly activated (Fig. 3). ‘This stimulus did not induce
afterdischarge. However, when the cervical stimulation
was repeated several times in succession (stimulation

‘o' 2 s, ‘off’ 2 5) a postestimuliation alterdischarpe was

EMG of pubococcygeus muscle

clitosal slinwlation

perineat shin sfumuiglion
' . L (o

Fig. 2. “Traction applied to the perineal skin or clitoral sheath
evoked EMG activity of the pe muscle that persisted as a post-
stimulation afterdischarpge. The dutation of the alterdischarge was
positively related 1o the duration of the stunulation. Stinmtes du-
ration is indicated by the bars below the traces.
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Fig. 3. EMG of the iliacus (i) muscle during vaginal and cervical
stimulation (traces shown in immediate succession).- Although me-
chanical probing of the distal vagina did not affect the EMG ac-
tivity of the i muscle, an EMG response was observed when the
probe touched the cervix, Upper and lower trace of each panel:

sy
2s5ec

hefore and during cervical touch, respectively, In the bottom tmce, v

note the absence of afterdischarge.

; ‘Spomaneous EMG activity observed
[ .

v
»

Nerves median'ng :he ic-pc and‘ pfn i musde reflexes .

.To ascertain the role of the mnervauon of the exter-
in the reflex contraction of thc 1c-pc and -

14w !6

psoos mcjor muscle

;probezn——-—ffo—lfc'ﬁl , . e
vaging Carvix- ' '

Fig. 4. Cervical probmg produc;d a strong ['.MG activation of the
pm muscle. The first cervical stimulation (at 0) evoked EMG a¢-

tivity of the pm muscle without an afierdischarge. When the cer-
vical stimulation was. repeated several times in succession (stirau-

fation ‘on® 2 s, ‘off” 2 s), a_ post-stimulation afterdischarge was
~observed. The afterdischarge duration was positively related to the
- number of times (3 or 5) that the cervix was stimulated.

induced in the pm and i muscles (Fig..4). In none of
these 4 muscles in which EMG was, recorded was any |
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Fig. 5. Schematic diagram of the nerves and branches that were
transected in the present study. A: the genitofemoral nerves were
transected just caudal to the aortal bifurcation. B: the viscerocuta-
neous branch of the pelvic nerve was transected at the fevel of the
medial side of the internal iliac vein. C: the pudendal nerve was
trausected 5 mm caudal to the bifurcation of the L,~S, trunk. The
afferent refationships of the 3 nerves'**4-1%2%-2 qre listed,

pm-i muscles, bilateral transections of the viscerocutane-
ous branch of the pelvic®?, the pudendal, or the genit-
ofemoral nerves was performed (Fig. 5).- -~ .- -
 Fig. 6, which is representative of 3 animals, shows that
cemcal stunulanon actwatud thc i musc!e and blocked |

e ilioCUS

pubococeygeus

;—-chtoris h&ld—-—-—-—-—-—-g 7" B

After biloteral 1ronsecnon of
pudmdol-*genttofemoml nerves

voqmo . Lo

o r—-—c.nms held-—»-—--—-—--c . ; : .
Fig. 6. Bilateral transection of pudendal and gemtcfcmor.d nerves.
~ ditferentially blocked pe retlex contraction induced by clitora lsum- -
ulation but not i mus icle "ommctmu muuc:_d by u,r'.m! 'stmmi
gon, P T L TN R
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Fig. 7. Bilateral transection of the viscerocutancous brancli of pel-
vic nerve completely abolished the inhibitory effect of cervical stim-
ulation on ic muscle contraction induced by chitoral traction. Uni-
lateral transection exerted only o partinl clfect,

the activation of the pe muscle that was evoked by cli-
toral stimulation. Combined bilateral pudendal and gen-
itofemoral transection abolished the pc muscle activation
that was evoked by clitoral stimulation, but did not af-
fect the 1 muscle activation evoked by cervical stimula-
tion. These cffects were restricted to the time of stimu-
fus application. DBilateral transcction of cither the
pudendat or the geanitofemoral nerves (but not bath) did
not block the pe muscle activation that was produced by
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Fig. 8. Summarizes the reflexive pathways and represents the rela-
tionships of the 4 muscles studicd.

chitorad stimubation (not showni,

As shown i Tiys 7, bitaterad taneection of the vis
cerocutitieaus branch of the pelvie nerve abolishied the i
aiuscle respouse that was evoked by cervical stimulation,
whereas unilateral neurectomy produced only o partiad
effect. The bilnteral transcection also abolished the block-
ing effect of cervical stimuolation on the ic and pe muscle
response. These effects were observed in each of 4 ani-

mals.
DISCUSSTON

Fig. 8 sununarizes the possible retlexive pathways in-
volved in the present study and schematizes the origin
and insertion of the 4 muscles studied,

The present findings demonstrate ditferences between
the EMG ol the pelvie tloor (inhibited) and the hindlimb
(activated) in response to the same cervical stimuotus, We
have shown that cervical stimulation, which also evokes
contraction of other abdominal and diaphrapgmatic mus-
cles'™ ! elicits reflexive contractions of the *postural’” pi
and i muscles but abolishes the reflexive contractions of
the ic and pe muscles praduced by perineal stinulation,
Therefore, cervical stimulation probably produces exci-
tatary effects upon motoneurons innervating the pm, i,
and other abdominal and diaphragm muscles, and inhib-
its those motoneurons involved in the reflex activation
of the ic and pe muscles,

Repeated vaginal-cervical stimulation elicited sensiti-
zation of the reflexive afterdischarge of the pm and i
muscles (Fig. 4). This effect is in accord with the study
by Berkley et al.! that clearly shows the sensitization of
pelvic nerve afferents with repeated applications of cer-
vical pressure.

‘The present findings sugpest thiat the pimand i muscle
reflex responses to cervical stimulation are involved in
the lordosis posture of female copulation. Cervical stim-
ulation produces hindlep extension and immobility!1,
Our results indicate that hindleg extensian is due in pait
to the reflex contraction of the pm and i muscles induced
by cervical stimulation. Therefore, it appears likely that
the prolongation and exaggeration of the lordotic pos-
ture response?’ ™ observed in female rats following in-
tromissions and ejaculations®™!? or seminal plug depo-
sition'™ %% is niediated in part through the responses of
the pun-i nuscles to cervical stimulation. "These effects
also could facilitate withdrawal of the penis from the va-
gina after ejaculation, thereby helping to avoid distodge-
ment of the copulatory plug? ™%, Transection of the pel-
vic nerve, which through its cervical innervation s
involved in the pm and i response, also shortens the du-
ration of lordosis and immobility®,

It has been suggested thiat e peripacturient sats, vag-
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mal distension produced by the fetus fucthitates delivery
by increasing intraabdominal pressure throuph contrac-
tion of the abdominal muscles and diaphragm'. Tt is
possible that pm and 1 responsce s also involved in the
process of parturition. These musceles, whose origia is on
the bodies and transverse processes of vertebrae La-1.,
(see Fig. 8), participate in the ‘bearing down’ move-
ments observed during expulsion by 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
process'™!" and that a similar surgical procedure blocks
pm and 1 reflex contractions induced by cervical stunu-
lation (present study) supports the idea that the pm and
1 muscles normally participate in parturition.

Bilateral neurectomy of the viscerocutancous branch
of the pelvie nerve eliminates the blocking effect of cer-

vical stimuiation on the reflexive contractions of the ic-

pc. Contraction of these muscles may prevent the pas-
sage of the fetus through the birth canal since their
contraction increases intravaginal pressure™, thus creat-
ing a ‘bottleneck’. The ‘bottleneck’ effect may be pre-
vented by the inhibition exerted on 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-
rition by preventing the occurrence of this cervical stim-
ulation-induced inhibitory effect on the ic and pc mus-
cles.

The investment of connective tissue both in the ic-pc
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LUCIO, R. AL, J. MANZO, M. MARTINEZ-GOMEZ, B. D. SACHS AND P. PACHECO. Participation of pelvie nerve branches
in male rat copulatory behavior. PHYSIOL BEHAY 55(2) 241-246, 1994.—The role of the pelvic nerve branches in the mediation
of copulatory hehavior was investigated. The somatomotor or the viscerocutaneous branch of the pelvic nerve was bilaterally
sectioned in sexually experienced male rats. Somatomotor branch surgery had no detectable effiect. Viscerocutaneous branch
transection altered copulatory parameters that reflect impairments in pentle erection and seminal plug emission, The altered
behavioral parameters approached or reached presurgical and sham values 21 days after transection, indicating that the damage
to erectile and ejaculatory function was transient. It is suggested that animals with viscerocutaneous branch transection recover
copulatory efticiency through a compensatory plastic mechanism, possibly involving the hypogastric nerve,

Copulatory behavior Penile erection Ejaculation

Plasticity Nerve injury

Seminal plug

Pelvic nerve Hypogastric nerve

IN rats the pelvic nerve (PvN) intermingles with the hypogastric
nerve in the major pelvic ganglion. forming the pelvic plexus
(15,26). The PvN controls pelvic organs related to the reflex
functions of micturition and defecation (32) through both sym-
pathetic and parasympathetic autonomic fibers (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
major pelvic ganglion (14) and afferent innervation from the
urinary bladder (21,22), and from scrotal and perianal skin (22).
Asin females (24), the SM branch in males (22) has sensory and
motor axons that innervate the iliococeygeus and pubococeygeus
muscles.

On the basis of physiological and behavioral studies (19.23).
the PvN is well known to be involved in female mating behavior
(and other reproductive functions), and physiological studies
have imphicated the PvN in erectile function of rats (6.27) as
well as humans (7). However. only one study has explored PvN
participation in male rat copulatery behavior (20), and the au-
thors came to the unexpected conclusion that bilateral PvN
transection does not interfere with the mechanism for the in-

duction or maintenance of erection or with the expression of

normal mating behavior. Considenng the structural and func-
tional complexity of the PviN and its previous implication in the

- process of erection, it is difficult to understand why its transection

did not alter mating behavior (20).

In the present study, we discovered major, but transient, im-
pairments in copulatory and ejaculatory function in rats 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 eftect.

METHOD
Subjects

Sexuatly experienced male Wistar rats, weighing 300-350 g,
were randomly assigned to five groups: a) PvN SM branch bi-
faterally sectioned (Exp 1, # = 13); b) Sham SM (Sh 1. n = 3)
animals: ¢) PvN VC branch bilaterally sectioned (Exp 2, 0 =
17): dySham VC(Sh 2, n = 6) rats: and e) males used o dislodge
seminal plug from vagina (see the following paragraphs).

Rats were housed in plastic cages (30 < 30 X 20 ¢m) con-
taining wood chip bedding, commercial pelleted rodent chow,
and water ad b, Cages were placed in a room maintained at
24°C, and LD 12:12 light schedule, lights on at 2200 h.

Surgery

Nerve transections were carried out under sodium pento-
barbital anesthesia (26 mg/kg [P), PyN branches were sectioned

' Requests tor reprints should be addressed to Pablo Pachieco. Centro de Investigacrones Fistoldazices, Universidad Autdnoma de Tlaxeala, AP 262

Tlaxcala, Tlav. 90000, Méaico.
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as deseribed clsewhere (24). Briefly, afler an extensive ventral
abdominal incision, branches were located where they cross the
internal iline vessels. The VC travels more laterally than the SM
branch. To avoid regeneration, a 5 mm portion of the nerve wis
extracted. During sham surgery the branch was dissected and
hooked but not cut, Because VO branch bilateral transection
interferes with micturition, the bladder was manually expressed
three times daily after surgery. This procedure, plus careful sur-
gery that prevented bladder wall bleeding, allowed all animals
to remain healthy, At the end of the study the animals were
deeply anesthetized, and the branch transections were conlirmed
before the rats were sacrificed with anoverdose ol pentobarbital,
The postmortem examination ol all the animals with nerve
transcctions revealed no evidence of regeneration,

Muating Tests

Two consecutive cjaculatory series (I, I1) of a nutting test
were conducted on days 11, 8, 5, and 2 betore surgery and days
3,6,9, 12, 15,18, and 21 after surgery. ‘Fhese tests were con-
ducted during the last third of the dark period, After a0 § min
adaptation in a Plexiglas cylinder arena (50 cm high X 50 ¢m
diameter), a receptive ovaricctomized rat (injected with 10 ug
estradiol benzoate and 2 mg progesterone, 48 and 4 h before
test, respectively) was placed with the male. At this moment the
first ejaculatory series began,

If an intromission pattern occurred, testing continued for 30
min or until the ¢jaculatory pattern appeared. Without an in-
tromission pattern, the test was stopped after 15 min. When an
cjaculatory pattern was observed, the female was immediately
shifted to another arena, ‘this arcna, which had a black Noor
with no bedding material, was alrcady occupied by a male used
to distodge the seminal plug, if any, from the vagina. Plugs are
generally dislodged within three 1o six intromissions (23). To
prevent cjaculation, males used for this procedure were limited
to four intromissions, and females were introduced to a second
male if it was nccessary. I no plug was dislodged within eight
intromissions, then it was assumed that none was present. Plugs
obtained were immediately weighed. Five minutes after the test
male showed the cjaculatory pattern, the female was returned
to the first arena, and the second ejacutatory serics test was begun.
The same criteria for test termination were used for the second
cjaculatory series.

Parameters scored during mating were series duration (lotal
time of test), mount latency, total number of mounts (NM),
intromission latency, total number of intromissions (NI), cjac-
ulatory pattern latency, and seminal plug weight (2). From these
measures we caleulated number of mounts per minute, number
of intromissions per minute, intromission ratio [NIINM END)J,
pereentage of males showing ¢jaculatory patterns, and pereentage
of males with seminal plugs,

Statistics

Results that are presented as means £ SEM, were analyzed
with analyses of variance (ANQOVA) {or repeated measures, fol-
lowed by the Tukey Test for significant difterences between sham
and experimental males. These statistics reflect only those males
that showed ejaculatory patterns (see Fig. 6). Data presented as
percentages (see Fig, 6) were analyzed with the Fisher exact
probability test, and compared sham vs, experimental malces,
Significant changes are shown with asterisks: *p < 0.05 and **p
< 0.01.

RESULTS

During presurgery tests in both series, 100% ol males (1 =
4 1) displayed ¢jaculatory patterns. After surgery, animals with
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Ditaterntly transected PyN SN branch (Fap B presented o pa-
rauncters significantly different from those of sham (Sh 1) animals
(data not shown).

After surgery, animals with biliteral sectioning of the PyN
VC branch (Exp 2) showed changes in most mcasures of ¢o-
pubiation, Thus, a5 compared with sham (5h 2y animals, the total
number of mounts (Fig. 1) of Doth caculatory secics were sig-
nilicantly ncreased by surgery [series 2L 21 = 849, p <«
0.01; series 1 H(1, 21) = 6,88, p < 0.03]. Also, this parameter
showed significant chanpe over the course of postsurgery (esting,
[series b 210, 126) = 7.89, p < L00S; series e 746, 120) -~ B.607.
P < 0.005]. The surgery-test interaction was also signilicant [se-

< 0.01]. However, post hoc (TPukey test) analyses for both ejac-

ulitory serics showed o signilicant surgery effect onfy on day 3
postsurgery (g, 1),
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Exp 2 (v =2 11 = 13, ¢ = 16, otherwise 21+ 7). In all hgutes but 6
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The intromission latency (Fig. 2) appeared o be higher for
Exp 2 males in both ejaculatory sertes during the first three tests
after surgery. However, ANOVA's did not reveal reliable changes
in this measure.

The ANOVAS [or the total number of intromissions (Fig. 3)
revealed a significant effect of surgery [series I F(1, 21) = 10.12,
p < 0.005; series T £(1, 21) = 12,60, p < 0.003]. There was no
main eflect of tests for this measure, but the surpery-test inter-
action was reliable [series I: /16, 126) = 3.85; series 1 /{6, 126)
= 3.02, p < 0.01]. Tukey tests revealed that the number of in-
tromissions for Exp 2 was significantly decreased on days 3 and
6 in series [ and on day 3 and 9 in series I

As shown in Fig, 4, the number of intromissions per minute
was also temporarily reduced by PvN VC transection [series I:
F(1,21) = 1242, p <0.001; series II: £(1, 21) = 6.16, p < 0.03].
There was a reliable change across tests tor this parameter [series
[ F(6, 126) = 4.63, p < 0.001; series [I: F(0, 126) = 4.99, p <
0.001}, but the surgery-test interaction were significant only for
the second series, (6, 126) = 2.24, p < 0.03. Post hoc com-
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F1G. 3. Total number of intromissions during pre- and postsurgery tests
of'two consecutive ejaculatory series. After surgery, Exp 2 animals showed
a decrement which was significant on days J.6,and 9, Sh 2{n=6);, Exp
a =1, 8= 13, ¢= 16, otherwise # = 17).

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

The intromission ratios, which reflect erectile function, were
reliably but transiently reduced (Fig. 5). Thus, the effects of sur-
gery [series I F(LL 21) = 28,135, p < 0.001; series 1L UL, 21) =
20.94. p < 0.001], tests [series 1; F(6, 126) = 8.89, p < 0.001;
series I F(6, 126) = 8.68, p < 0.001], and the interaction between
surgery and tests [series [ 116, 126) = 2.50, p < 0.03; series I
116, 126) = 2.74, p < 0.03] were significant. Post hoc Tukey
tests of this measure indicated significant decrements for Exp 2
males on davs 3 and 6 of series [ and on day 3 of series 11 (Fig. 5).

As shown in Fig. 6, the percentages of males depositing sem-
inal plugs were reduced in most postsurgery tests, although Fisher
exact probabitity test indicated a reliable group difference only
on day 18 of series Fand on davs 9 and 18 of series I1. The figure
also shows that the percentage of males displaving the ejaculatory
pattern was not significantly reduced by PyN VC transection.

Figure 7 presents means = SEM of seminal plug weight for
series [and I ANOVA revealed that only in the second series,
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FIG, 4. Number of intromissions per minute performed during pre- and
postsurgery tests of two consecutive cjaculatory scries. Aller surgery, Exp
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surgery caused a significant reduction in plug weight, (1, 21)
= 8,23, p < 0.01. FF-values for tests and interaction of surgery—~
tests were not reliable for this measure,

DISCUSSION

In contrast with the earlier work of Lodder and Zeilmaker
(20), the results of the present study show that pelvie nerve tran-
section transiently alters copulatory behavior in a way that re-
flects apparent changes in penile ercction and ¢jaculatory fuuc-
tion. Thus, PvN VC branch transection produced increments
in the intromission latency and the total number of mounts,
and decrements in the total number of intromissions, intromis-

sion ratio, percentage ol ¢jaculations with plug, and weight of

seininal plugs. These delicits were expected on the basis of pre-
vious anatomical and physiological studies (9,10), and they can-
not be attributed to traumatic cffects of surgery: sham males
and those with PyN SM branches transeeted experienced similar
surgical trauma without apparent ellect. Qur discussion, there-
fore, focuses on compensatory mechanisims underlying the rapid
recovery of function alter VC branch section,

LUCIO BT AL

I e intromissiaon mto is sensthve o beatments tat allects
a male’s erectile potential ar penile sensiivity (30), The highly
sipnificant reductton in this ratio alter section ot the VO branches,
as well as the increment e the number of mounts and the in-
tromission lateney and the reduction on the nuimber ol tlvo-
missions per minnte, alb imply interference with mechinisms ot
erection, The recovery in these parameters may be vndersiood
in hght of recent observations of Dail ¢t al. (9), who have de-
scribed rearranged synaptic connections within the aattonomic
peivie ganghon after denervation, Dail et af. (1O) found s
stimulation of the hypogastrie nerve Tird no elleet on the cav-
crnous pressure of male rats whose pelvie nerves had been tran-
sected within the preceding 24 h. Tlowever, beginning 3 days
alter pelvie nerve section, and for at least 3 months alter that,
hypogastric nerve stimulation reliably incrensed cavernous pres-
sure. The authors suggested that the reinnervation in the pelvic
plexus may involve the sprouting of hypogastric nerve erminals,
We propose that 21 days after surgery in the present study, the
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(n=17).

VC nerve-transected animals recovered copulatory efficiency
through a similar compensatory plastic mechanism.

In other species [cat (1), rhesus monkeys (13), rat (17)}, genital

deaflerentation 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 area probably are related
to defecation functions but not to reproductive activities. How-

~ever, VC branch-denervated animals presented throughout the
study an increment in the total number of mounts (Fig. 1) and

number of mounts per minute (data not plesenled) This incre-
~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 occluding the vagina of the stimulus
female, then mounts are more frequent (11). Furthermore, in-
complete penile erection due to pudendal nerve semomno pro-
vokes a similar mounting incr rement (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 dc.llvenng a p!ug, (see Figs. 6 and 7).

These effects may reflect that autonomic fibers projecting to
structures that participate in seminal emission travel not only

via the hypogastric nerve (18) but also via the VC branch of the .

PvN. In this regard it'is important 1o cmphaslze that the pelvic

-perve carres a significant number of pre- and postganglionic

sympathetic as well as parasympathetic fibers (14), Auordmg,
o Bacq (3), after wmp.uhem denervation of the genital organs,
rats and guinea pigs do not produce semnat discharge. Root

~and Bard (28) described that cats did not present seminal dis-
“charge after abdominal svmpathetic chain lesions that included

the inferior mesenteric ganglia. In dogs, prostatic contractions

“in the resting state at rest can be obtained with electrical stim-

T3
-
L )

ulation of the pelvic and/or hypogastric nerve (33). So, as is
already well established, sympathetic fibers play an important
role in the mechanisms for seminal discharge. The PvN carries
a significant number of sympathetic as well as parasympathetic
fibers (14) that supply most 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,
However, further analyses are necessary to support this inter-
pretation,
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The European rabbit (Oryctolagus cuniculus) continues to play
an important role in the study of mammalian reproductive 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 make 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 1is an
induced ovulator (Ramirez and Lin Soufi, 199%94), and one
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; Ramirez 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 expelled in rapid succession. In
domestic breeds, the birth of as many as 14 pups 1is achieved
within 10 to 15min (Fuchs and Darwoocd, 1980; tHudson et al., 1995).

In addition, chemical communication nlays and important part
in the rabbit's reproductive behavior (Mykytowycz, 1972; Bell,
1980; Hudson and Distel, in press). In both sexes, urine, feces,
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and secretions from at least three sets ©f glands in the pe
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area - the anal, the inguinal, and in =<he male, th
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preputial
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glands (Coujard, 1947; Montagna, 1950; Xihnel, 1971; Holtz and
Toote, 1978)- all appear to have specific communicatory functions.

Given the rabbit's well-established position in the
reproductive literature, it 1s surprising that no comprehensive
description of pelvic anatomy is available for this species.
Although the early studies of Langley 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.



MATERIALS AND METHODS

Animals

A total of eight sexually mature, 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 X 2° 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 i.p., and at the end of the
examination animals were euthanized 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 vaginal tract. As a considerable
part 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 1t was necesszary to open the dorsal

L



surface of the animal, at which point i1t was sacrificed bhefore
proceeding with dissection of the musculature surrounding the

vertebrae.

Electrical Stimulation

Uni- and bilateral electrical stimulation of muscles 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 SIUS
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 several 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 this paper with terms used in

previous studies of the rabbit,

-~- Insert Table 1 about here —-—-



OBSERVATIONS
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 form 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 ---

Removing the pubic bone exposed first the obturatorius
internus muscles, and beneath these the constrictor vestibuli
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 complex attached to
the urethra for its entire length (Figs. 1 and 4). More deeply
still, the coccygeus muscles travelled medially from the
innominate bone to the vertebral column. In close relation with

the fibers of the coccygeous muscles but travelling from the
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innominate bone caudally to the v ebral column, 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 midline 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).
--— Insert Figs. 2 to 5 about here ---

Embedded among the fibers of the constrictor vulvae muscles,
the extensive anal glands could be seen, and lying superficially
to these and to the constrictor vulvae, the inguinal glands (Figs.
4 and 5B). 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).
~~- 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 originated from the medial surface of the innominate
bone and spread out medially in a ventro-dorsal direction o

insert without =endinous appearanca onto the transverse pProcesses
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of the second, third and fourth sacral vertebrae (Figs. 2 and 5Aa).
This muscle appeared to be innervated by a branch of the $2 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 wvagina or other

associated structures was not observed.
~-—-=- 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 onto the transverse 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 oI this muscle arose from the
caudal portion of the medial face of the innominate bone at a site
immediately adjacent to the pubocaucalis muscle. They ran in close
parallel but dorsal to those of the puboczaudalis o Lnsert onto a

tendon attached to the transverse processs: of vhe fifth coccygeal



vertebra. This muscle also appeared to b2 innervated by a branch
of the $3 spinal nerve after anastomotic connection with $2 (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 tail 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 this muscle was not investigated 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 ischiocaverncsus muscles (Figs. 3 and
5B). Although they appeared at Iirst 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 ventro-dorsally to insert onto a common tendon

connected to the ventral midline of <tthe wvagina and to the



cartilaginous ligamentum suspensorium ciitoridis (Barone et al.,
1973). The two muscle pairs appeared to be innervated by separate
branches of the S2 spinal nerve after anastomotic connection with
S1 and S3 (Fig. 7). Unilateral electrical stimulation of each
muscle -~ particularly of the bulbospongiosus -~ 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 border of the pubic bone. Rostrally 1it, together with
its contralateral cocunterpart, 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 S$3 spinal nerve after anastomotic connection with $2 (Fig.
7). The branch travelled along the internal surface of the muscle,
running in a rostro-caudal direction and branching along its path.
Bilateral> electrical stimulation of these muscles resulted in
compression of the wvagina 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

ipsilateral movements in these structures.



M. constrictor vulvae. This muscle formed a thin bubt tough
tunnel-like sheet enclosing most of the protruded portion of the
vaegina and rectum (Figs. 4 and 5B). It was attached to the body of
the second and third coccygeal verteprae and joined at the midline
of the ventral vaginal wall in a similar way to the caudal portion
of the constrictor vestibuli muscle. Embedded among its fibers
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 c¢litoral 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, given their likely role in
chemical communication they will be referred to as scent glands.

Anal glands (Glandulae arnalis). As mentioned above, 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. !, 4 and 5B). Each gland was
approximately 2.5 cm long and 0.6 cm wide, and consisted of either
two or three clusters of brownish lobes divided by connective

tissue related with the con
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tric-wor wvulvaes, or of Jjust one



elongated, apparently continuous series of lobes. [From the gross
dissection they appeared to be innervated by a branch of the 82
spinal nerve after anastomosis with S1 and S3 (Fig. 7) - that 1is,
by a different nerve to the constrictor vulvae nmuscle - 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 om 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 complex appeared to be innervated
by a separate branch of the S2 spinal nerve after anostomotic
connections with S1 and 83 (Fig. 7).

Preputial glands (Glandulae preputiales). These were
inconspicuous and could have been easily overlooked. Embedded in
the wvulva labia, they formed a necklace-like double ring around
the entrance of the vagina although they were most concentrated
dorsally (Fig. 6). Each gland was associated with one or more
long, stiff hairs and contained & thick, whitish secretion.
Similarly to the anal and inguinal ¢lands, innervation appeared to
be by a branch of the 52 spinal nerve after anastomosis with Sl

and S3 (Fig. 7).
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DISCUSSION

This study provides a more complete 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 view favored here
produces some distortion in the exact size and location of organs,
we consider that it provides a perspective helpful in thinking
about these structures in functional terms, and thus represents 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 wvulvae - the two muscles most closely associated
with the vagina - have been previously only briefly menticned, if
at all.

With regard to the scent glands, our findings accord well with
earlier previous descriptions of the anal (Coujard, 1947;
Mykytowycz, 1966a; Xithnel, 1971) and inguinal glands (Coujard,
1947; Montagna, 1950; Mykytowycz, 1966b). However, although the
preputial glands have been previcusly identified in the male
(Barone et al., 1973; Popesko, 1973), and their morphology
described in some detaill by Holtz and Foote (19738), to our
knowledge this is the first =ime they have been idencified in the

female. This 1is perhaps surnrising ziven =zhe well-known presence



of similar giands in female rats and mice 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 here is
broadly consistenu with the descriptions of Langley and Anderson
(1896a,b), this needs to be more closely specified using finer
electrothSLOloglcal 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 ‘
enastomotic ccnnecticns, the following'parallels cen be drawn. As
already suggested by the nomenclature of Barcne.etal. (1973), the
'branch of 82 lnnervatlng the urethra, etternal'anal Sphincter,'

bulbosponglosus and lschlocarvenosus muscles, clltoral sheath, and

the three sets of scent qlands (Flg 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).

vFurthermore, the bifurcated‘branch of 83 innerVatihg viéceral7”'

structures such as the urlnary bWadder,.cerv1ces,_vag1na and,f

"grectum on the one hand and the pubo—:ana lllocaudalls muscles,;:7
,Lhe constrlctor vestlbull and vulvae mueCT' , and the-perlnealeh'm
cskln on the other,'appears to corleecond ue the Vlscero cutaneous

and somato—motor branches of “he pe1v1c nerve descrlbed in the rat =3

:c;(McKenna and Nadelhaft, 1986; ?acheCO-et al., 1989, Martlnez—Gomez o

et al., 1992).

§—t
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However, in other respects the vaginal tract of the rabbit is
very different - above all in its relative length. Whereas in the
rat (Greene, 1968; O0Olds and Olds, 1979) and cat (Crouch and
Lackey, 1969) the vagina ends at the caudal edge of the pubic
bone, in the rabbit it protrudes several centimeters beyond this.
Furthermore, whereas 1in the rat the urethra terminates in an
independent external meatus (0lds and 0Olds, 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 orifice about midway along

the vagina's length (Barone et al., 1973).

The'vaginal musculature is also rather different. The
constrlctor vestlbull and constrictor vulvae, so-evident in the

rabblt, are not present in the rat (Relner.et al., 1980- MCKenna‘:

and Nadelhaft 1986), and appedr less developed 1n the cat In

thlS later bpe01es tho constrlctor vestlbull are reported to arlse

from fascia of the. pars cranlalls, and the conetrlctor vulvae from-

_fascla of the pars caudalls of the external anal sphlncter (Martlnfd

| et al., 1974) rather than from strongly anchorlng vertebrae asulndde

ethe' rabblt --Wlth regard :tof'the'.bu]boeponglosuslfepd;IMH

chlocarvenosus muscles,'wherees these are- s0 sllghtly developed_efpp T_i'
-fln the female rat as to be often overlooked (Breeelove and Arnold B

._ .1981 Mc‘(enna and Nadelhatt, _.'1.9__8"6')., j the female cat the.;.:"
:1schlocavernosus muscles are half the elze of thoee 1n.the male;- |

"jaﬂd the-bulbosponglqﬁus-mQSClQS'dO'nqtleppearpto.be;present atralLe'p

'ﬂ(Marﬁin-et 31.111974);__.
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Furthermore, only the rabbit appears to posses three such
well-developed sets of scent glands in the pelvic area. 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 (0Olds and Olds, 1979;
Lucas et al., 1982; Hebel and Stromberg, 1986).

Returning to the reproductive specializations of the rabbit
mentioned in the introduction, we may now conslder 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 hormonal events associated
with reflex ovulation and implantation (cf. Pacheco et al., 1989;
Martinez-Gomez 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. Martinez-Gomez et al.,
1995). Given the lencth of the vagina, it is possible that the
cervical stimulation important during copulation in the rat
(Komisaruk and Wallmann, 1977) i= lacking or much reduced. In
addition, the well-developed hulbcspongiosus and ischiocavernosus

muscles may facilitaete rapid inzromission 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 rapid transit and
expulsion of fetuses typical in the rabbit (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 pbssible 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;sdwn
observationé);-Furthermore,‘the preputial-glands, aided by_the

long hairs, may add their contents to the urine as part of female

‘sexualadvertisement_and marking behavidrl(cf, BrOnSon:and-Carodm,
_1971) | | . |
| The actlon of the constrchor vulvae musclesdln compresslng;.'.
'thé anal glands may represent the mechanlsm by Wthh rabblts are;l;d'
zable~to "voluntarlly“.regulate the olfactory quallty of fecall.
‘pellets (Hesterman and Mykytowycz, 1968 Bell 1980) In what wayT'
-ﬂ;the 1ngu1nal glands are actlvated,_lf at all remalns unclear-”.
dalthough thelr superfwcaal locatlon suanests that fhls may be
-l~naural._j7* | | |
- Elnally: the slgnlfacance of Lhe Qénous plexus and vestlbular A
'_{glands should be an 1nuercst1ng sub ect for fut'urm study Whether,;_dd”dk'
5_when compressed agalnst the ventfal walls of the urathra anddsl:l

~ vagina by the contxactlon of the constrwcnor vestlbulw muscles,;fﬁ e



they release substances providing lubrication during copulation or
parturition, alter the pH 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. ©

Fig. 7

Lateral view of the preputial glands of a female rabbit
which form a necklace~like ring around the entrance to the
vagina. Arrows indicate two glands containing whitish
secretion and bearing long, stiff hairs; the asterisk
marks the inguinal pouch and just above it, an inguinal

gland pore.

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.



Fig. 1

Fig. 2

Fig. 3

Fig. 5

FIGURE LEGENDS

Ventral view of the pelvic region of an adult female
rabbit drawn approximately to scale showing the relative
positions of the main structures associated with the
vaginal tract. The pubic bone has been removed, and A and

B give the approximate levels of the transverse views

shown in Figure 5.

Ventral view of the pelvic region of an adult female

rabbit showing the position of the coccygeus,
pubocaudalis, iliocaudalis, and obturatorius internus

muscles; S indicates sacral and C coccygeal vertebrae.

Ventral view of the pelvic region of an adult female

rabbit showing the position of the bulbospongiosus and

ischiocavernosus muscles.

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.

Transverse views of the vaginal tract of an adult female
rabbit from rostral (A) to more caudal (B) not drawn to

scale. The approximate level of each section is shown in

Figure 1.



'TABLE_1} meehclature;of muscles from the Nomina Anatomica Veterinaria used in this

paper ccmpaiedfwith_the_némehclature»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 -
Iliocaudal

Iliocaudalis

 Obturatorius internus

'_-SulchPGngiosus

'~ Ischiocavernosus.

 Constrictor vestibuli

~Constrictor vulvae

' Obturator internus

 Ischiocavernosus

External sphincter of

- the vagina

Obturatorius internus
- Subischiocavernosus
Ischiccavernosus

Constrictor vestibuli

Constrictor vulvae

Obturatorius internus

Constrictor vulvae
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