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Summary. Central distribution of efferent and afferent com- 
ponents of the pudendal nerve was examined in the rat 
by the horseradish peroxidase (HRP) method after HRP 
application to the central cut end of the pudendal nerve. 
The pudendal motoneurons were located in the dorsolater- 
al, dorsomedial and lateral groups at L5 and L6. Each 
of the dorsolateral and dorsomedial groups constituted a 
slender longitudinal cell column. Pudendal motoneurons in 
the lateral group were scattered at L5, rostrodorsally to 
the dorsolateral group. The neurons in the dorsolateral and 
lateral groups were labelled with HRP applied to the nerve 
branch innervating the ischiocavernosus and sphincter ure- 
thrae muscles. The neurons in the dorsomedial group were 
labelled with HRP applied to the branch supplying the 
sphincter ani externus and bulbospongiosus muscles. Some 
dendrites of pudendal motoneurons in the dorsomedial 
group extended to the contralateral dorsomedial group. 
These crossing dendrites were observed not only in male 
rats but also in female. The average number of the pudendal 
motoneurons in the dorsolateral and dorsomedial groups 
were larger in male rats than in female. A few neurons 
of the intermediolateral nucleus at upper L6 were also la- 
belled with HRP applied to the dorsalis penis (clitoridis) 
nerve. Axon terminals of the pudendal nerve were distrib- 
uted, bilaterally with an ipsilateral predominance, to the 
gracile nucleus, as well as to the dorsal horn and dorsal 
commissural gray from L4 to $2. A few labelled axons 
were seen in the intermediolateral nucleus at L6 and $1. 
Axon terminals from the dorsalis penis nerve were distrib- 
uted more medially in the dorsal horn than those from 
the perinealis nerve. 
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Introduction 

The pudendal nerve contains afferent nerve fibers from the 
genital, perigenital and perineal regions, and efferent nerve 
fibers innervating the striated pelvic muscles, in particular 
the external anal and urethral sphincters. It constitutes an 
important component in the neural system which subserves 
excretory and sexual functions (Kuru 1965; Weiss 1972; 
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DeGroat and Booth 1980). Central distribution of efferent 
and afferent components of the pudendal nerve has been 
studied in the cat (Ueyama et al. 1984), monkey (Roppolo 
et al. 1985; Ueyama et al. 1985a) and rat (McKenna and 
Nadelhaft 1986) (for further review, see Schroder 1985). 
In the cat and monkey, pudendal motoneurons are located 
in a nucleus corresponding to the Onuf's nucleus in man 
(Onuf 1899, 1900; Mannen et al. 1977, 1982; Schroder 1981, 
1985). In the rat, however, pudendal motoneurons are situ- 
ated in two separate areas in the ventral horn (Schroder 
1980; McKenna and Nadelhaft 1986), showing sexual di- 
morphism (Breedlove and Arnold 1980, 1981, 1983; Breed- 
love et al. 1983; Jordan et al. 1982). 

In the present study, as a continuation of our previous 
studies on the organization of pudendal motoneurons and 
primary afferent fibers (Sato et al. 1978 ; Konishi et al. 1978, 
1985; Ueyama et al. 1984, 1985a, b), central distribution 
of efferent and afferent components of the pudendal nerve 
was examined in both male and female rats by the horserad- 
ish peroxidase (HRP) method after applying the enzyme 
to the central cut end of the trunk or a branch of the puden- 
dal nerve. The present study has confirmed and extended 
the results of the previous studies (Schroder 1980; 
McKenna and Nadelhaft 1986); some new findings were 
obtained, in particular, concerning autonomic and afferent 
components of the pudendal nerve in the rat. A part of 
the results reported here has been published in brief form 
elsewhere (Ueyama et al. 1958 b). 

Materials and methods 

The experiments were carried out in 38 Wister rats of both 
sexes, weighing 250 to 350 g. Each rat was anesthetized 
with intraperitoneal injection of sodium pentobarbital 
(5 mg/100 g body weight); supplement doses were given, 
when necessary, during long surgical procedures. The pu- 
dendal nerve was exposed unilaterally in the ischiorectal 
fossa. The trunk or a branch of the pudendal nerve was 
cut, and the central cut end was inserted into a piece of 
polyethylene tube which was filled with 30% HRP (Toyobo 
Grade-l-C) dissolved in 0.9% saline. The open end of the 
tube was sealed with silicon grease or closed by heating. 
The central cut end of the nerve was allowed to be in contact 
with HRP for 2 to 6 hours. During this period, the prepara- 
tion was monitored under an operation microscope, and 
body fluids which tended to accumulate in the area of the 
dissection were removed periodically. Subsequently the tube 
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Fig. I a-c. Diagrams showing two types of the pudendal nerve (a, 
b) and peripheral branches of the muscle nerve supplying the 
striated pelvic muscles (e). The pudendal nerve (pud) is composed 
of the muscle (m), dorsalis penis (clitoridis) (dp or dc) and perinealis 
nerve (p). The muscle nerve is composed of the branch 1 supplying 
the ischiocavernosus (ic) and sphincter urethrae muscles (su), and 
the branch 2 innervating the dorsal (d), lateral ventral (lv) and 
medial ventral (rnv) parts of the bulbospongiosus (bs) and sphincter 
ani externus (sa) muscles. Circles indicate the regions where HRP 
application was made. sci, sciatic nerve 

and its contents were carefully removed, the central cut 
end of the nerve was washed lightly with 0.9% saline and 
wrapped in silicon grease, and the wound was closed. 

After a postoperative survival period of 36 to 48 h, the 
rats were deeply reanesthetized with an intraperitoneal in- 
jection of sodium pentobarbital  (10 mg/100 g body weight) 
and perfused transcardially with 500 to 1000 ml of 3.5% 
paraformaldehyde in 0.1 M phosphate buffer (pH 7.3), fol- 
lowed by 500 ml of the same buffer containing 10% sucrose. 
The lower brainstems, spinal cords and dorsal root ganglia 
of the lumbar  and sacral cord segments were removed im- 
mediately, saturated with a solution of 25% sucrose in the 
same buffer at 4 ° C, and then cut on a freezing microtome 
in a serial section of 60 gm thickness, transversely, horizon- 
tally or sagittally. The sections were processed for H RP  
reaction by the tetramethylbenzidine method (Mesulam 
1978) or diaminobenzidine method (Streit and Reubi 1977), 
then mounted  on to gelatinized slides and counterstained 
with 0.5% neutral  red or 10% cresyl violet. The groups 
of motoneurons  were named according to Schroder (1980). 

The number  of HRP-labelled neuronal  cell bodies was 
counted using bright field i l lumination and a magnification 
of 200 x in the serial sections treated with tetramethylbenzi- 
dine in each of 6 male and 6 female rats. The possibility 
of double counting of the same cell was corrected for by 
the method of Abercrombie (1946). The soma areas of 
HRP-labelled neurons were measured with an X- Y digitizer 
by using outlines drawn with the microscope drawing tube 
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Fig. 2. Projection drawings made from five series of cross sections 
of the L5, L6 and S1 cord segments showing the location of neuro- 
nal cell bodies labelled after HRP application to the trunk of the 
pudendal nerve. Pudendal motoneurons of the dorsolateral group 
(filled circles), dorsomedial group (open circles) and lateral group 
(filled squares), and preganglionic parasympathetic neurons in the 
intermediolateral nucleus (open triangles) are plotted in one to one 
fashion in two male (m) and two female q) rats with the pudendal 
nerve of the type A (A) or B (B). The number of each section 
indicates the position of the section in the series of complete serial 
sections of 60-gm thickness in each cord segment. Bar -  500 gm 

at a magnification of 500 x in a series of transverse sections 
and a series of horizontal sections treated with diaminoben- 
zidine. 

In  6 male and 6 female rats, the organization of the pu- 
dendal nerve on the side of the H R P  application was exam- 
ined macroscopically. The pelvic muscles were named ac- 
cording to McKenna  and Nadelhaft  (1986). 

Results 

Nerve roots constituting the pudendal nerve 

The organization of the pudendal  nerve was examined mac- 
roscopically in 6 male and 6 female rats (Fig. 1). The puden- 
dal nerve was classified into 2 types on the basis of the 
nerve roots constituting the nerve. Type A (Fig. 1 a) was 
composed of 3 roots; one was derived from the sciatic 
nerve, and the other two arose from the union of the ventral 
branch of the $1 nerve and a component  of the ventral 
branch of the L6 nerve. The type A pudendal nerve was 
observed in 2 male and 2 female rats. Type B (Fig. 1 b) was 
composed of 2 roots; one was a branch of the sciatic nerve 
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Fig. 3a-d. Photomicrographs of cross sections through the L6 cord segment showing pudendal motoneurons of the dorsolateral (DL) 
and dorsomedial (DM) groups, labelled after HRP application to the trunk of the pudendal nerve in a male (a) and a female (b) 
rat, and after HRP application to the muscle branch innervating the sphincter urethrae and ischiocavernosus muscles (e) in a male 
rat, and to the muscle branch supplying the sphincter ani externus and bulbospongiosus muscles (d) in a male rat. Arrow in (a) points 
to a labelled motoneuron in the laterl group. Bar = 100 lam 

and the other was the ventral  branch o f  the L6 nerve. Thus 
the type B pudendal  nerve was lacking in components  from 
the ventral  branch of  the SI nerve. The type B pudendal  
nerve was observed in 4 male and 4 female rats. 

Peripheral branches of the pudendal nerve 

Three main  branches were identified in the pudendal  nerve; 
the dorsalis penis (clitoridis) nerve, perinealis nerve, and 
muscle branch (Fig. 1). The muscle branch was further di- 
vided into 2 large branches;  one supplying the sphincter 
urethrae muscle and the ischiocavernosus muscle, and the 
other innervating the sphincter ani externus muscle and the 
dorsal,  lateral  ventral  and medial  ventral  parts  of  the bul- 
bospongiosus  (bulbocavernosus)  muscle (Fig. I c). 

Retrogradely labelled neurons 

When H R P  was appl ied to the t runk of  the pudendal  nerve 
(pud in Fig. 1), cell bodies o f  central neurons labelled with 
H R P  were dis t r ibuted ipsilaterally to the ventral  horn  of  
the L5 and L6 cord segments (Figs. 2, 3). A small  number  

of  neuronal  cell bodies were also labelled in the intermedio-  
lateral nucleus at  the upper  levels of  the L6 cord segment 
(Fig. 2). Label led pudendal  motoneurons  were located in 
the dorsolateral ,  dorsomedia l  and lateral  groups of  
Schroder  (1980) at  the L5 and L6 cord segments. Labelled 
pudendal  motoneurons  in the dorsolateral  group were lo- 
cated in the lateral  corner of  the ventral horn (Figs. 2, 3), 
consti tut ing a slender cell column along the longitudinal  
axis of  the spinal cord (Fig. 4a). At  the middle levels of  
the cell column, the dorsolateral  group was seen to pro t rude  
laterally into the lateral  funiculus (Fig. 3 a, c); at the caudal  
levels of  the cell column, it was observed to shift dorsal ly 
along the lateral  border  of  the ventral  horn toward  the 
intermediolateral  nucleus (Fig. 2). The long axes of  cell bod-  
ies of  labelled neurons in the dorsolateral  group were 
mainly oriented longitudinal ly along the long axis of  the 
cell column, and longi tudinal ly  oriented dendri te  bundles 
were prominent  in the longi tudinal  sections (Fig. 4a). 

Label led pudendal  motoneurons  in the dorsomedia l  
group were located in the ventral  horn region near  the apex 
of  the ventral funiculus close to the midline (Figs. 2, 3). 
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Fig. 4a, b. Photomicrographs of horizontal sections through the 
L6 cord segment showing pudendal motoneurons of the dorsolater- 
al (DL), lateral (L) and dorsomedial (DM) groups, labelled after 
HRP application to the trunk of the pudendal nerve in a male 
rat. Arrows in (a) indicate labelled motoneurons in the lateral 
group. Arrow in (b) points to the midline. Bar= 100 gm 

Although the dorsomedial group formed a cell column with 
longitudinally oriented dendrite bundles along the longitu- 
dinal axis of  the spinal cord, the long axes of  cell bodies 
of  pudendal motoneurons in the dorsomedial group tended 
to be oriented transversely (Fig. 4b). The cell bodies of  pu- 
dendal motoneurons in the dorsomedial group tended to 
be arranged in clusters along the longitudinal axis of  the 
spinal cord (Fig. 4b). The dendrites of  pudendal motoneu-  
rons in the dorsomedial group mainly extended rostrally, 
caudally, ventrolaterally, dorsally and medially (Figs. 3 a, 
b, d; 4b). Some of  the dorsally extending dendrites were 
traced into lamina X and the dorsal gray commissure 
(Figs. 3 a, 7 a), and some of  the medially extending dendrites 
were observed to cross the midline to enter the dorsomedial 
group contralaterally (Fig. 3 d). These crossing dendrites of  
pudendal motoneurons in the dorsomedial group were seen 
in both male and female rats. In the female rat, however, 
crossing dendrites were not so prominent and so frequent 
as in the male rat. Labelled pudendal motoneurons  in the 
lateral group were small in number  and were scattered in 
the ventral horn rostrodorsally and dorsomedially to the 
dorsolateral group (Figs. 2, 3 a, 4a). 

Although the rostrocaudal extent of  the distribution of  
pudendal motoneurons  was variable among the 12 rats ex- 
amined, no sex difference was recognized in the position 
and distribution pattern of  pudendal motoneurons (Figs. 2, 
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pudendal motoneurons in six 
male (m) and six female (¢) rats with the pudendal nerve of type A 
(A) or B (B). The number of pudendal motoneurons of the dorso- 
lateral (DL) and dorsomedial (DM) groups labelled after HRP 
application to the trunk of the pudendal nerve was counted in 
every second section in each of the complete series of sections 
of 60-pro thickness. The filled columns represent the number of 
HRP-labelled neuronal cell bodies of pudendal motoneurons 
counted. Open triangles indicate the borders of the L5 and L6 
cord segments, n, the total of HRP-labelled cell bodies counted 
in each rat 

5). On the other hand, the average number of  pudendal 
motoneurons in the dorsolateral and dorsomedial groups 
were significantly larger in male rats than in female (P < 
0.001 in the Student's t-test) (Table 1). HRP-labelled neu- 
rons in the lateral group, however, showed no sex difference 
in the average number. The range of  soma areas of  puden- 
dal motoneurons was broad, and that in male rats highly 
overlapped with that in female rats (Tables 2, 3); pudendal 
motoneurons in the dorsolateral and dorsomedial groups, 
however, tended to be larger in male rats than in female 
(Tables 2, 3. Also compare Fig. 3 a with 3b). 

After H R P  application to the trunk of  the pudendal 
nerve, a few neuronal cell bodies were consistently labelled 
within the intermediolateral nucleus at the upper levels of  
the L6 cord segment (in some rats, also at the lower levels 
of  the L5 cord segment) (Figs. 2, 7 a). These labelled neu- 
rons in the intermediolateral nucleus were apparently 
smaller than the labelled pudendal motoneurons in the dor- 
solateral, dorsomedial and lateral groups (Tables 2, 3). The 
HRP-labelled neurons in the intermediolateral nucleus 
showed no sex difference in the average number (P>0 .05  
in the Student's t-test) (Table 1). 



Table 1. Number of labelled neurons 

Male (n = 6) Female (n = 6) 

Range Mean Range Mean 
+s.d. _+s.d. 

Motoneurons : 
dorsolateral group 230-145 178.8__28.2 71-52 62.7±6.7 
dorsomedial group 121-94 106.5±10.0 53-28 43.6_+8.9 
lateral group 36-18 22.8 ±6.6 25-7 17.1_+7.3 

Intermediolateral 9 2 5.6 _ 2.2 10--4 6.8 Jr 2.2 
nucleus neurons 

When HRP was applied to the t runk of the muscle 
branch of the pudendal  nerve (in 5 rats) (m in Fig. 1), la- 
belled neuronal  cell bodies were distributed to the dorsolat- 
eral, dorsomedial and lateral groups of motoneurons,  but  
not  to the intermediolateral nucleus. When HRP  was ap- 
plied to the muscle branch I (in 6 rats) (1 in Fig. 1 c), la- 
belled neuronal  cell bodies were distributed to the dorsolat- 
eral (Fig. 3 c) and lateral groups, but  not  in the dorsomedial 
group and intermediolateral nucleus. When HRP  was ap- 
plied to the muscle branch 2 (in 7 rats) (2 in Fig. 1 c), la- 
belled neuronal  cell bodies were distributed to the dorsome- 

Table 2. Soma sizes of labelled neurons in transverse sections 
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dial group, but not  in the dorsolateral and lateral groups 
and intermediolateral nucleus (Fig. 3 d). When HRP was 
applied to the dorsalis penis (clitoridis) nerve (in 5 rats) 
(dp or dc in Fig. 1 a, b), no labelled neurons were seen 
in the ventral horn, but a few neuronal  cell bodies were 
labelled in the intermediolateral nucleus at the upper levels 
of the L6. When HRP was applied to the perineal nerve 
(in 5 rats) (p in Fig. 1 a, b), no labelled neuronal  cell bodies 
were found in the spinal cord. 

HRP-labelled afferent components of the pudendal nerve 

After H RP  application to the t runk of the pudendal  nerve 
in 12 rats, pudendal  nerve afferent neurons were labelled 
in the L5 and L6 dorsal root ganglia in 5 rats, in the L6 
and $1 dorsal root ganglia in 5 rats, and in L5, L6 and 
$1 dorsal root ganglia in 2 rats (Fig. 6). At the levels of 
entry of transganglionically labelled dorsal root fibers into 
the spinal cord, labelled fibers were observed over the full 
breadth of the Lissauer's tract (Fig. 7a). These fibers ap- 
peared to run both rostrally and caudally in the Lissauer's 
tract, sending collaterals into lamina I. At the entry regions, 
many labelled fibers were also observed to run ventrome- 
dially along the medial border of the dorsal horn (Fig. 7a). 
Some of them crossed the midline through the dorsal gray 

Male 

Range Mean _ s.d. 
(l~m 2) (~m 2) 

Female 

Range Mean + s.d. 
(gm 2) (gm 2) 

Motoneurons : 
dorsolateral group 814-195 435.6 ± 144.6 

(,~ = 130) 

dorsomedial group 1064-445 784.2 ± 219.8 
(n = 69) 

lateral group 1060-409 701.7 ± 196.8 
(n = 20) 

Intermediolateral nucleus neurons 279-117 199.7_+48.3 
(n = 24) 

480-153 286.1 +90.1 
(n = 30) 

101~319 528.4_+136.5 
(n :27)  

986-376 650.6+ 165.3 
(n = 18) 

246-101 164.2_+42.7 
(n=20) 

Data were obtained from a male and a female rats. 
n, number of cells measured 

Table 3. Soma sized of labelled neurons in horizontal sections 

Male Female 

Range Mean ± s.d. Range Mean _+ s.d. 
(gm 2) (gm 2) (gm 2) (gm 2) 

Motoneurons : 
dorsolateral group 1191-270 652.0 + 197.3 678 212 401.9 _+ 94.1 

(n = 89) (n = 31) 

dorsomedial group 1435-478 834.2 _+ 197.0 560-298 420.7 _+ 89.2 
(n = 63) (n = 22) 

lateral group 1183-354 618.2-4- 192.6 807-217 560.9-4- 168.2 
(n = 39) (n = 29) 

Intermediolateral nucleus neurons 318-146 233.5_+55.8 226-121 170.6_+35.1 
(n = 1 O) (n = 6) 

Data were obtained from a male and a female rats. 
n, number of cells measured 
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Fig. 6. Cell bodies in the L6 dorsal root ganglion, labelled after 
HRP application to the trunk of the pudendal nerve of a male 
rat. Bar= 100 gm 

commissure (Fig. 7). Many axons appeared to end ipsilat- 
erally in lamina I, the medial two-thirds or a half of lami- 
nae II-VI, the dorsal gray commissure and lamina X, and 
contralaterally in the dorsal gray commissure, lamina X and 
the medial one-third or a half of the dorsal horn. A few 
axons were also labelled in the region ventral to the central 
canal (Fig. 7 b); these fibers appeared to run longitudinally 
along the central canal. Occasionally, retrogradely labelled 
dendrites of pudendal motoneurons in the dorsomedial 
group were seen to enter the region of the dorsal gray com- 
missure where many labelled presumed axon terminals were 
distributed (Fig. 7 a). A few labelled axons were also ob- 
served passing ventrally along the lateral edge of the dorsal 
horn into the region of the intermediolateral nucleus at 
the levels of the L6 and $1 cord segments (in some rats, 
also at the lower levels of the L5 cord segment). In the 
ipsilateral intermediolateral nucleus, it was often difficult 
to distinguish labelled possible axon terminals from retro- 
gradely labelled dendrites of intermediolateral nucleus neu- 
rons (Fig. 7 a). On the other hand, in the contralateral inter- 
mediolateral nucleus where no neuronal cell bodies were 
labelled, labelled possible axon terminals could be identified 
without difficulties (Fig. 7 b). 

The number of labelled axons decreased rapidly at the 
levels cranial or caudal to those of entry of labelled dorsal 
root fibers, and no labelled axonal components were found 
in the spinal gray cranial to the L4 cord segment and caudal 

to the $2 cord segment. A small number of labelled axons, 
however, were seen to ascend the spinal cord ipsilaterally 
through the dorsomedial part of the gracile funiculus. These 
labelled axons appeared to end ipsilaterally in the medial 
part of the gracile nucleus (Figs. 8, 9 a). At the middle levels 
of the gracile nucleus, a few labelled axons were observed 
to cross the midline through the dorsal gray commissure 
to end contralaterally in the ventromedial part of the gracile 
nucleus (Figs. 8, 9 b). 

Afferent components in the pudendal nerve were la- 
belled transganglionically after HRP application to the dor- 
salis penis (clitoridis) or perinealis nerve (Figs. 10 12), but 
not after HRP application to the muscle branch of the pu- 
dendal nerve. When HRP was applied to the dorsalis penis 
(clitoridis) nerve, labelled presumed axon terminals were 
distributed, at the levels of entry of labelled dorsal root 
fibers, ipsilaterally to lamina I and the medial part of lami- 
nae I I -VI of the dorsal horn, the dorsal gray commissure 
and lamina X (Figs. 10a, 11). A few labelled fibers were 
traced along the lateral border of the dorsal horn to the 
intermediolateral nucleus. The number of labelled axons 
decreased rapidly at the levels cranial or caudal to those 
of entry of labelled dorsal root fibers, and no labelled pre- 
sumed axon terminals were found in the spinal gray cranial 
to L4cord segment and caudal to S2cord segment 
(Fig. 11). In the medial part of the gracile nucleus, however, 
labelled axon terminals were seen bilaterally with an ipsilat- 
eral predominance. 

When HRP was applied to the perinealis nerve, labelled 
presumed axon terminals were distributed, at the levels of 
entry of labelled dorsal roots, mainly ipsilaterally to the 
middle part of laminae I-VI of the dorsal horn and dorsal 
gray commissure, and contralaterally to the most medial 
part of the dorsal horn and dorsal gray commissure 
(Figs. 10b, 12). Some labelled fibers were also seen ipsilater- 
ally in the lateral part of laminae V and VI of the dorsal 
horn. The number of labelled axons decreased rapidly at 
the levels cranial or caudal to those of entry of labelled 
dorsal root fibers, and no labelled presumed axon terminals 
were found in the spinal gray cranial to the L4 cord segment 
and caudal to the $2 cord segment (Fig. 12). In the medial 
part of the gracile nucleus, however, labelled axon terminals 
were seen bilaterally with an ipsilateral predominance. La- 
belled axon terminals in the gracile nucleus were more nu- 
merous after HRP application to the perinealis nerve than 
after HRP application to the dorsalis penis (clitoridis) 
nerve; no difference, however, was recognized in the area 
of distribution of labelled axon terminals in the gracile nu- 
cleus. 

Discussion 

The pudendal motoneurons innervating the sphincter ure- 
thrae, ischiocavernosus, sphincter ani externus and bulbo- 
spongiosus (bulbocavernosus) muscles constitute a slender 
longitudinal cell column in the ventral horn in the cat (Kon- 
ishi et al. 1978, 1985; Sato et al. 1978; Yamamoto et al. 
1978; Kuzuhara et al. 1980; DeGroat et al. 1981), monkey 
(Nakagawa 1980; Roppolo etal. 1985; Ueyama etal. 
1985a), dog (Petras and Cummings 1978; Kuzuhara et al. 
1980; DeAraujo et al. 1982) and rabbit (Nagashima et al. 
1979). This cluster of pudendal motoneurons is generally 
considered homologous to the Onut's nucleus in man (Onuf 
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Fig. 7a, b. Dark-field photomicrographs of cross sections through the L6 cord segment of a male rat showing central distribution 
of primary afferent axons labelled after HRP application to the trunk of the pudendal nerve, on the sides ipsilateral (a) and contralateral 
(b) to the HRP application. Larger arrows in a and b indicate terminal fields of primary afferent neurons of the pudendal nerve 
in the dorsal gray commissure and medial part of the dorsal horn, respectively. A retrogradely labelled dendrite (smaller arrow in 
a) of a pudendal motoneuron is seen to extend to the dorsal gray commissure. In the ipsilateral intermediolateral nucleus (IML), 
retrogradely-labelled neuronal cell bodies are seen, but it is difficult to distinguish anterogradely-labelled presumed axon terminals 
from retrogradely-labelled dendrites. On the other hand, labelled possible axon terminals are seen in the contralateral IML (a smaller 
arrow in b), where no perikarya are labelled. Double arrow in b points to a small longitudinal fiber labelled in the region ventral 
to the central canal (cc). Arrowheads indicate the midline. Bar = 100 gm 

1899, 1900; Mannen  1977, 1982; Schroder  1981, 1985). In 
the rat, however, motoneurons  supplying the sphincter ure- 
thrae and ischicavernosus muscles are located in the dorso-  
lateral group, while those innervat ing the shincter ani exter- 
nus and bulbospongiosus  muscles are si tuated in the dorso-  
medial  group, The Onuf 's  nucleus in the rat  is, therefore, 
considered to comprise  two widely separated sub-groups 
(Breedlove and Arno ld  1980; Schroder  •980; Katagir i  et al. 
1986; M c K e n n a  and Nadelhaf t  1986). This was confirmed 
in the present  study. 

Accord ing  to M c K e n n a  and Nadelhaf t  (1986), after ap-  
pl icat ion o f  H R P  or fluorescent dyes to the L6-SI t runk 
of  the rat  jus t  before it enters the sacral plexus, motoneu-  
rons in the re t rodorsola tera l ,  dorsolateral ,  ventral  and dor-  
somedial  groups were labelled in the L5 and L6 cord seg- 
ments. Katagi r i  et al. (1986) also observed labelled moto-  
neurons in the ventral group, as well as in the dorsolateral  
and dorsomedia l  groups after injection of  True Blue into 
the pudendal  nerve o f  the rat. M c K e n n a  and Nade lhaf t  
(1986), however, observed labelled motoneurons  only in the 
dorsolateral  and dorsomedia l  groups after applying H R P  
to the central cut end of  the m o t o r  branch of  the pudenda l  
nerve in the rat. In  the present study, pudendal  motoneu-  

rons were found mainly in the dorsolateral  and dorsomedia l  
groups, and addi t ional ly  in the lateral  group, but  no la- 
belled motoneurons  were observed in the ventral group 
after H R P  appl icat ion to the pudendal  nerve. These discrep- 
ancies among the results of  the present and previous studies 
appear  to be ascribable,  at least part ly,  to the difference 
of  the level of  the tracer appl icat ion to the pudendal  nerve. 

The sexual d imorphism of  the rat  pudendal  motoneu-  
rons in the dorsolateral  group (Jordan et al. 1982) and the 
dorsomedia l  group (the spinal nucleus of  the bulbocaverno-  
sus of  Breedlove and Arno ld  1980) has been well document-  
ed (Breedlove and Arno ld  1980, 1981, 1983; Breedlove et al. 
1982, 1983; F i shman  and Breedlove 1985; M c K e n n a  and 
Nadelhaf t  1986; Senegelaub and Arno ld  1986). In agree- 
ment  with these previous studies, the present study indi- 
cated that  there were significantly more neurons in both 
dorsolateral  and dorsomedia l  groups in the male rat  than 
in the female, and that  pudendal  motoneurons  in 1)oth dor-  
solateral  and dorsomedia l  groups tended to be larger in 
male rats than in female. No  sex difference, however, was 
recognized in pudendal  motoneurons  in the lateral  group. 
Sex difference of  pudendal  motoneurons  has also been re- 
por ted  in the Japanese monkey  (Ueyama et al. 1985a); in 
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Fig. 8. Distribution of primary afferent axons in the dorsal column 
nuclei labelled after HRP application to the trunk of the pudendal 
nerve on the left side of a male rat. The numbers indicate the 
position of sections in a complete series of cross sections of 60-gm 
thickness. AP, area postrcma; CC, central canal; Cu, cuneate nu- 
cleus; G, gracile nucleus. Bar = 200 gm 

the adul t  Japanese monkey  the average number  of  pudendal  
motoneurons  was larger in the male than in the female, 
whereas no sex difference was found in the average some 
diameter  of  pudendal  motoneurons .  In the adul t  cat, no 
sex difference was recognized in pudendal  motoneurons  
(Ueyama et al. 1984). Al though the dorsal  root  ganglia were 
not  examined systematically in the present study, McKenna  
and Nadelhaf t  (1986) repor ted  a s trong sexual d imorphism 
in the afferent neurons of  the pudendal  nerve in the rat. 
According to M c K e n n a  and Nadelhaf t  (1986) pudendal  
nerve afferent neurons were located in the L6 and $1 dorsal  
root  ganglia, and they were larger and more  numerous in 
the male rat  than in the female. 

In agreement with the previous studies (Breedlove and 
Arno ld  1980; Schroder  1980; Katagi r i  e t a l .  1986; 
M c K e n n a  and Nadelhaf t  1986), the present s tudy showed 
that  the dorsomedia l  group of  pudendal  motoneurons  in 
the male rat  contained motoneurons  supplying the sphincter 
ani externus and bulbospongiosus  muscles. In the female 
rat, however,  the bulbospongiosus  muscle is lacking or ex- 
tremely fine in gross dissections (cf. Hayes  1965; Breedlove 
and Arno ld  1981; M c K e n n a  and Nade lhaf t  1986). There- 
fore, most,  if  not  all, pudendal  motoneurons  of  the dorso-  
medial  group in female rats are considered to innervate 
the sphincter ani externus muscle. 

As repor ted previously (McKenna  and Nadelhaf t  1986), 
dendrites of  pudendal  motoneurons  in the dorsomedia l  
group were routinely observed to cross the midline to ex- 
tend contrala teral ly  into the dorsomedia l  group. A similar 
organizat ion of  motoneuron  dendrites has been repor ted 
in hypoglossal  motoneurons  (Wan et al. 1982). Rose and 
Collins (1985) presumed that  crossing dendrites o f  moto-  
neurons in the dorsomedia l  group might  be a substrate for 
synchronized act ivat ion of  penile motoneurons .  In the pres- 
ent study, however, crossing dendrites of  motoneurons  in 
the dorsomedia l  group were even seen in the female rat, 
though not  so frequently and so conspicuously as in male 
rat. The crossing dendrites of  motoneurons  in the dorsome-  

Fig. 9a, b. Dark-field photomicrograph of cross sections through the reticular part of the gracile nucleus showing presumed axon 
terminals labelled after HRP application to the trunk of the pudendal nerve of a male rat; on the sides ipsilateral (a) and contralateral 
(b) to the HRP application. Arrowheads point to the midline. Bar = 100 gm 
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Fig. 10a, b. Dark-field photomicrographs of cross sections through the L6 cord segment of the male rats showing central distribution 
of primary afferent axons labelled after HRP application to the dorsalis penis nerve (a) or perinealis nerve (b) on the left side. Note 
that labelled axons in a are distributed more medially to the dorsal horn than those in b. Larger  arrow points to the terminal fields 
of labelled axons in the dorsal gray commissure in a. Double arrow points to labelled axons which run horizontally toward the intermediola- 
teral nucleus. Labelled axons in the lateral collateral pathway are indicated by smaller arrows in a and b. Arrowheads  indicate the 
midline. Bar= 100 gm 

0 t 0 

o o 'o 

Fig. 11. Central distribution of primary 
afferent axons of the pudendal nerve (dots) 
labelled after HRP application to the 
dorsalis penis nerve on the left side of a 
male rat. Presumed labelled axon terminals 
in the dorsal horn are distributed from the 
upper level (u) of the L4 to the lower level 
(/) of the $2. m, middle level. Bar = 500 ~tm 

dial g roup  in the female  rat  appea r  to subserve  c o o r d i n a t e d  
act ivi ty  o f  two  halves o f  the sphincter  ani  muscles,  

In  the present  study,  a smal l  n u m b e r  o f  neurons  in the 
in te rmedio la te ra l  nucleus  at the levels o f  the L6 co rd  seg- 
m e n t  were cons tan t ly  label led with  H R P  appl ied  to the dor -  
salis penis  (cli toridis) nerve.  This  result  is in con t ras t  to 
that  o f  Nf lnez  et al. (1986) w h o  found  no  r e t rog rade  label  

in the spinal cord  af ter  H R P  app l ica t ion  to the dorsal is  
penis  (cli toridis) nerve  o f  the rat,  bu t  compa t ib l e  to tha t  
o f  Ka tag i r i  et  al. (1986) w h o  observed  label led neurons  in 
the in t e rmed io la t e ra l  nucleus  at the levels o f  the caudal  
L6 and  ros t ra l  S1 cord  segments  af ter  p u d e n d a l  nerve  injec- 
t ion wi th  True  Blue. This  f inding by Ka tag i r i  et al. (1986) 
and  the present  one  suppor t  the p rev ious  repor ts  on the 



46 

0 o 0 

Fig. 12. Central distribution of primary 
afferent axons of the pudendal nerve (dots) 
labelled after HRP application to the 
perinealis nerve on the left side of a male 
rat. Presumed labelled axon terminals in the 
dorsal horn are distributed from the lower 
level (1) of the L4 to the lower level of the 
$2. U, upper level; m, middle level. Bar = 
100 gm 

possible existence of preganglionic parasympathetic fibers 
in the pudendal nerve of the rat (Hulsebosch and Cogges- 
hall 1982). 

Taylor et al. (1982) observed labelling of pudendal nerve 
afferent neurons in the L6 dorsal root ganglia after injection 
of HRP into the pudendal nerve of the rat. The results 
of McKenna and Nadelhaft (1986), however, indicated that 
pudendal nerve afferent neurons of the rat were located 
in the L6 and $1 dorsal root ganglia. In the present study, 
pudendal afferent neurons were examined in 12 rats after 
HRP application to the trunk of the pudendal nerve. Pu- 
dendal nerve afferent neurons were labelled in the L6 and 
$1 dorsal root ganglia in 5 rats; in the L5 and L6 dorsal 
root ganglia in 5 rats, and in the L5, L6 and $1 dorsal 
root ganglia in 2 rats. In the present study, the pudendal 
nerve of the rat was divided into 2 types on the basis of 
the difference of the segmental composition of the pudendal 
nerve. The discrepancies among the reported data concern- 
ing the segmental distribution of dorsal root ganglion neu- 
rons labelled after HRP application to the pudendal nerve 
might be attributable to the differences in the segmental 
composition of the pudendal nerve. 

The pattern of central distribution of rat pudendal nerve 
afferents was qualitatively similar to that reported for the 
cat (Ueyama et al. 1984) and monkey (Roppolo et al. 1985; 
Ueyama et al. 1985a). As reported previously in the cat 
(Ueyama etal. 1984), monkey (Roppolo etal. 1985; 
Ueyama et al. 1985a) and rat (McKenna and Nadelhaft 
1986), the dorsal gray commissural and contralateral termi- 
nations were observed in pudendal nerve labelling in the 
present study. In the dorsal commissural gray of the rat, 
the terminal field of the pudendal nerve afferents appears 
to overlap more or less the terminal field of primary afferent 
fibers of the pelvic nerve (Nadelhaft and Booth 1984; 
McKenna and Nadelhaft 1986), as observed in the cat 
(Morgan et al. 1981 ; Ueyama et al. 1984) and monkey (Na- 

delhaft et al. 1983; Roppolo et al. 1985; Ueyama et al. 
1985a). Nahin et al. (1983) reported that neurons in the 
dorsal gray commissure of the L6 cord segment in the rat 
responded to noxious somatic stimuli. Thus, the dorsal gray 
commissure of the L6 cord segment in the rat may be in- 
volved in nociception, autonomic regulation of pelvic 
viscera, and viscerosomatic and somatovisceral interac- 
tions. 

In the cat, many fibers with enkephalin-like immunore- 
activity appear to terminate in the feline homologue of the 
Onuf's nucleus (Glazer and Basbaum 1980, 1981), and 
opioids have been shown to have a role in the regulation 
of micturition at the lumbosacral spinal cord level (De- 
Groat et al. 1983; Thor etal. 1983; Jubelin etal. 1984; 
Dray and Nunan 1985). The enkephalin-containing fibers 
to the Onuf's nucleus have been reported to originate 
around the central canal and dorsal gray commissure (Kon- 
ishi et al. 1985). It has also been known in the rat that 
the dorsal gray commissure and the spinal regions around 
motoneurons of the dorsolateral and dorsomedial groups 
are rich in neuropeptides (Gibson et al. 1981, 1984; Hunt 
et al. 1981; Sasek et al. 1984; Schroder 1984; Charlton and 
Helke 1985; Honda and Lee 1985; Romagnano and Hamill 
1985; Sasek and Elde 1985, 1986; Micevych et al. 1986). 

Primary afferent neurons projecting bilaterally to the 
spinal cord appear to represent skin near the dorsal and 
ventral midlines (Culberson etal. 1979; Light and Perl 
1979a, b; Koeber and Brown 1980; Smith 1983, 1986). In 
the dorsal horn, primary afferent terminals from the dorsa- 
lis penis (clitoridis) nerve were distributed more medially 
than those from the perinealis nerve. This arrangement ap- 
pears to reflect an organization principle described for cuta- 
neous representation in the dorsal horn; dorsal skin is rep- 
resented laterally and ventral skin medially (Wall 1960; Po- 
meranz etal. 1968; Brown and Fuchs 1975; Grant and 
Ygge 1981; Ygge and Grant 1983; Smith 1983; Cervero 
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and Connell  1984). (For  further references about  the dorsal  
gray commissural  and contra la tera l  terminat ions of  pr ima-  
ry afferent neurons, see Light and Perl 1979a, b;  R6thelyi 
et al. 1979; Morgan  et al. 1981, 1986; Neuhuber  1982; Cir- 
iello and Calaresu 1983; Kuo  et al. 1983, 1984; Matsushi ta  
and Tanami  1983; Nadelhaf t  et al. 1983; Culberson and 
Brown 1984; Ueyama  et al. 1984, 1985a, b; Kuo  and De- 
G r o a t  1985; Roppo lo  et al. 1985; M e K e n n a  and Nade lhaf t  
1986; Neuhuber  et al. 1986; Nfinez et al. 1986). 

The ipsilateral  terminat ion of  pudendal  nerve fibers to 
the gracile nucleus has been repor ted in the cat (Ueyama 
et al. 1984) and macaque  monkey  (Ueyama et al. 1985a), 
and the present  study confirmed the bilateral  terminat ion 
o f  pudendal  nerve fibers in the gracile nucleus of  the ra t  
(Ueyama et al. 1985b). Both dorsalis  penis (clitoridis) and 
perinealis nerves were observed to terminate  not  only in 
the spinal cord but  also in the gracile nucleus, bi lateral ly 
with an ipsilateral predominance.  In the gracile nucleus, 
however, no regional  difference was recognized between the 
terminal  field of  the dorsalis penis (clitoridis) nerve and 
that  of  the perinealis nerve, a l though somewhat  more  la- 
belled terminals were seen in the gracile nucleus after 
H R P  appl icat ion to the perinealis nerve than after H R P  
appl icat ion to the dorsalis penis (clitoridis) nerve. Some 
fibers in the pelvic nerve have also been repor ted  to termi- 
nate within the gracile nucleus in the cat (Morgan  et al. 
1981), but  it still remains to be ascertained if  the terminal  
fields of  the pelvic nerve to the gracile nucleus overlap with 
those of  the pudendal  nerve. 

N/mez et al. (1986) repor ted  that  labelled possible axon 
terminals  were observed in the spinal gray from the Th13 
to $2 cord segments after applying H R P  to the dorsal  penile 
nerve o f  the rat. On the other  hand, in the present  study, 
presumed axon terminals of pudendal  afferent fibers were 
observed to be distr ibuted in the spinal gray from the L4 
to the $2 cord segments, a l though some pudendal  afferent 
fibers could be t raced rostral ly to the gracile nucleus. This 
obvious discrepancy in the segmental  dis t r ibut ion of  puden-  
dal afferent fibers between the repor t  of  Nfinez et al. (1986) 
and that  of  the present  s tudy might  be ascribable to the 
difference of  the survival t ime of  the animals after applica-  
t ion of HRP.  

Nadelhaf t  and Booth (1984) observed that  afferent 
fibers of  the pelvic nerve in the ra t  const i tuted the longitudi-  
nal fiber bundle concentrated directly beneath the central 
canal, which they designated as the medial  afferent bundle.  
This fiber bundle  is also known to extend rostral ly  beyond 
the sacral region and to contain sympathet ic  afferent fibers 
in the upper  cord segments (L7 -TM1)  (Neuhuber  1982). 
In the present  s tudy a few labelled axons were often ob- 
served in the regions ventral  to the central canal, but  it 
was not  confirmed if these fibers were components  of  the 
medial  afferent bundle. 

In  a recent light and electron microscopic study in the 
cat, Mawe et al. (1986) provided evidence indicat ing that  
some fibers in the dorsal  root  make  synaptic contacts  upon  
neurons in the sacral parasympathe t ic  nucleus. Monosyn-  
aptic contact  onto the sacral parasympathe t ic  preganglionic 
neurons by pr imary  afferent fibers of  the pudendal  nerve 
has been assumed to exist in the cat (Ueyama  et al. 1984) 
and monkey  (Roppolo  et al. 1985), and the present  da ta  
indicate that  a small number  of  p r imary  afferent fibers of  
the pudendal  nerve terminate  bi lateral ly in the intermedio-  
lateral  nucleus at  the levels of  the L6 cord segment. On 

the other  hand,  Nfinez et al. (1986) presumed that  p r imary  
afferent fibers in the dorsalis  penis nerve of  the rat  termi- 
nated directly onto motoneurons ,  as well as onto autonomic  
preganglionic neurons. In the present study, some dendrites 
of  motoneurons  in the dorsomedia l  group were seen to ex- 
tend into the dorsal  gray commissure and spinal regions 
a round  the central canal  where pr imary  afferent neurons 
of  the pudendal  nerve sent many  axon terminals.  However,  
no conf i rmatory  evidence showing monosynapt ic  contact  
onto motoneurons  by pr imary  afferent fibers of  the puden-  
dal nerve was obtained.  
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