
INTRODUCTION

The motility of the oviduct in birds is regulated by hor-
monal and neural factors (Wechsung & Houvenaghel 
1988). Previous studies on the oviduct of the domes-
tic fowl (Gilbert & Lake 1963; Costagliola, Mayer, Vit-
toria, Carrese, Lamanna & Cecio 1997), the Japanese 
quail (Arjamaa & Talo 1983) and the pigeon (Atoji, 
Mizutani, Yamamoto & Suzuki 2000) have demon-
strated the presence of an extensive neural network 

in both the intermuscular and muscular regions of 
the organ. These neural networks are known to play 
a significant role in the transportation of the egg in 
the oviduct by co-ordinating muscle contraction 
(Talo & Kekalainen 1976; Wechsung & Houvenaghel 
1988). A dysfunction in oviducal motility results in a 
condition known as egg-binding in which the formed 
egg is retained within the oviduct (Rosskopf & Woer-
pel 1984; Krautwald-Junghanns, Kostka & Hofbauer 
1998). Ruptured oviduct and peritonitis are possible 
consequences of this condition (Rosskopf & Woerpel 
1984). Although the exact cause of egg-binding is 
unknown, it is possible that a disturbance in the in-
nervation to the oviduct might be involved. However, 
before the possible role of the nerves of the oviduct 
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in this condition can be investigated it is necessary 
to study their normal distribution within the oviduct.

In mammals plasma levels of oestrogen influence 
the density of nerves in the female reproductive tract 
(Haase, Buchman, Tietz & Schramm 1997; Brauer, 
Llodra, Scorza, Chavez, Burnstock, Thrasivoulu & 
Cowen 1999; Zoubina & Smith 2001; Zoubina, Mize, 
Alper & Smith 2001). Although the effect of oestro-
gen on the innervation of the avian oviduct is un-
known it was decided to use prepubertal ostriches 
in the present study to avoid any possible effects of 
high oestrogen levels on oviductal nerve density. 
The distribution of nerves within the oviduct of these 
birds was studied using antibodies against protein 
gene product 9.5 (PGP), neurofilament protein (NP), 
and neuron specific enolase (NSE).

A marker for afferent nerves, NP, has been identi-
fied in the uterus of the human (Khong, Tee & Kelly 
1997), the bovine (Wrobel & Kujat 1993) and the 
guinea pig (Alm, Lund berg, Wharton & Polak 1988a). 
The general neuronal markers, PGP and NSE, have 
been utilized to demonstrate nerve fibres in the 
uterus of the horse (Bae, Corcoran & Watson 2001) 
and the guinea pig (Alm, Lundberg, Wharton & 
Polak 1988b; Lundberg, Alm, Wharton & Polak 
1988).

MATERIALS AND METHODS

Fifteen prepubertal female ostriches, with quiescent 
ovaries, were used in the study. The birds were aged 
between 12 and 14 months, with body mass of 90–
100 kg.

At a commercial ostrich abattoir the ostriches were 
electrically stunned and exsanguinated. Tissue sam-
ples were collected 10–15 min after slaughter from 
the infundibulum, magnum, isthmus, shell gland 
pouch and cranial vagina. Five samples were taken 
from each region. The tissue samples were immer-
sion-fixed in either 4 % paraformaldehyde (pH 7.2) 
or Bouin’s fluid for 14 h. Some of the samples were 
fixed in Bouin’s fluid because the antibody against 
protein gene product 9.5 (Dakocytomation, Den mark) 
is only suitable for use on paraffin sections.

The tissue samples fixed in paraformaldehyde were 
placed, for 24 h at 4 °C, in a 30 % sucrose solution 
made up in 0.01M phosphate buffered saline solu-
tion 1–1 (PBS, pH 7.4). Thereafter, they were snap 
frozen in OCT compound (Sakura, CA, USA) in an 
isopentane/dry ice slurry. The samples were then 
stored at –80 °C.

The tissue samples fixed in Bouin’s fluid were proc-
essed routinely for histology and embedded in par-
affin wax.

The immunostaining technique was performed on 
10 μm thick cryostat sections and 5 μm thick paraf-
fin sections, using a LSAB-plus kit (Dakocytomation, 
Denmark). The cryostat sections were air dried for 
60 min at room temperature after which they were 
rinsed in PBS. Endogenous peroxidase activity in 
both cryostat and paraffin sections was blocked us-
ing a 3 % (v/v) hydrogen peroxidase solution in wa-
ter for 5 min. The slides were then rinsed in PBS for 
5 min. Thereafter, the paraffin sections were micro-
waved at 750 W for three cycles of 5 min each. After 
being allowed to cool for 20 min the sections were 
rinsed with PBS. The paraffin sections were then 
incu bated for 30 min at room temperature with a 
polyclonal antibody against PGP (Dakocytomation, 
Denmark), at a dilution of 1:50. The cryostat sec-
tions were incubated for 30 min with monoclonal anti-
bodies against NP (Dakocytomation, Denmark),  and 
NSE (Dakocytomation, Denmark) at dilutions of 1:75 
and 1:50, respectively. After this incubation all the 
slides were rinsed with PBS and then incubated for 
15 min with a biotinylated secondary antibody (LSAB-
plus kit, Dakocytomation, Denmark). Thereafter, the 
slides were rinsed in PBS and subsequently incu-
bated for 15 min with the streptavidin peroxidase 
component of the LSAB-plus kit. Slides were then 
rinsed in PBS and bound antibody was visualized 
after the addition of a 3,3’-diaminobenzidine tetra-
chloride solution (LSAB-plus kit, Dakocytomation, 
Denmark). Slides were counterstained with Mayer’s 
haematoxylin for 20 s before being dehydrated in 
graded concentrations of ethanol. 

In the negative controls, the primary antibodies were 
replaced with either normal mouse or normal rabbit 
serum. A histological section of nerve was used as 
a positive control. No background staining was de-
tected in the negative control sections, whilst nerve 
fibres immunoreactive for PGP, NP and NSE were 
observed in the positive control sections.

A subjective assessment of the density and distribu-
tion of immunoreactive nerves (Bae et al. 2001) was 
performed under the X 40 objective of a light micro-
scope and was graded subjectively as: – = no nerve 
fibres observed; + = very few nerve fibres observed; 
+ = a small number of nerve fibres observed; ++ = a 
moderate number of nerve fibres observed and +++ 
= a large number of nerve fibres observed. The rela-
tive density of immunoreactive nerves is summa-
rized in Table 1.
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RESULTS

Nerve fibres immunoreactive for PGP, NP and NSE 
were observed in all the oviductal regions studied. 
Furthermore, immunoreactivity was demonstrated 
in nerve fibres in all the tissue layers of the oviduct 
with the exception of the epithelium. In the ostrich, 
the two layers of the tunica muscularis were sepa-
rated by a wide connective tissue area, which is re-
ferred to as the intermuscular connective tissue area 
in this study.

Distribution of PGP immunoreactive nerve fibres

Few PGP-immunoreactive nerve fibres were found 
in the lamina propria-submucosa of the proximal re-

gions of the oviduct (Fig. 1A). In the tunica muscu-
laris the density of nerve fibres containing PGP ap-
peared to be similar in the shell gland and vagina, 
but lower in the infundibulum, magnum and isthmus 
(Table 1). Nerve fibres within the muscle bundles 
coursed parallel to the smooth muscle cells, whilst 
nerve fibres between the muscle bundles were ori-
entated obliquely (Fig. 1B). Within the intermuscular 
connective tissue area, nerve bundles containing 
PGP were seen close to blood vessels. In addition, 
a few PGP-immunoreactive nerve fibres were oc-
casionally present in the walls of the blood vessels. 
PGP-immunopositive nerve bundles in the tunica 
serosa did not appear to be accompanied by blood 
vessels.

TABLE 1 Relative frequency and distribution of protein gene product 9.5 (PGP)-, neurofilament protein (NP)- and neuron specific 
enolase-immunoreactive nerves in the oviduct of the ostrich

Region of oviduct Protein gene product Neurofilament protein Neuron specific enolase

Infundibulum

Epithelium
Lamina propria-submucosa
Tunica muscularis
Intermuscular region
Tunica serosa

–
–
+
+
+

–
+
+
+
+

–
+
+
+
–

Magnum

Epithelium
Lamina propria-submucosa
Tunica muscularis
Intermuscular region
Tunica serosa

–
+
++
+
+

–
++
++
++
+

–
+
+
+
+

Isthmus

Epithelium
Lamina propria-submucosa
Tunica muscularis
Intermuscular region
Tunica serosa

–
+
+
+
+

–
+
++
++
++

–
++
++
++
++

Shell gland

Epithelium
Lamina propria-submucosa
Tunica muscularis
Intermuscular region
Tunica serosa

–
++
+++
++
++

–
++
+++
+++
++

–
+
+++
+++
++

Vagina

Epithelium
Lamina propria-submucosa
Tunica muscularis
Intermuscular region
Tunica serosa

–
+++
+++
++
+

–
+
+++
+++
+

–
+
+++
+++
+

The density of immunoreactive nerves was graded semiquantitatively as follows: – = none observed; + = very few observed; + = a 
small number observed; ++ = a moderate number observed; +++ = a large number observed
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FIG. 1 (A–B) Protein gene product 9.5 (PGP)-immunoreactive 
nerve fibres in the oviduct of the ostrich

 (A) PGP-immu no reactive nerve fibre (arrow) in the lam-
ina propria-sub mucosa of the magnum. (B) PGP-immu-
noreactive nerve fibres (arrow) in the tunica muscularis 
of the isthmus are positioned parallel to the longitudinal 
axes of the smooth muscle cells (M). Note the blood 
vessel (V) associated with the nerve

 Scale bar = 50 μm

A

B

FIG. 2 NP-immunoreactive nerve fibres (arrow) in the intermus-
cular connective tissue area of the vagina. V: blood ves-
sel. M: smooth muscle cells

 Scale bar = 50 μm

A

B

C

D

FIG. 3 (A–D) Neuron specific enolase (NSE)-immunoreactive 
nerve fibres in the oviduct of the ostrich

 (A) NSE-immunoreactive nerve fibres (arrow) in the 
lamina propria-submucosa of the isthmus. (B) NSE-im-
munoreactive nerve fibres (arrows) distributed in the 
wall of a blood vessel (V) in the intermuscular connec-
tive tissue area of the shell gland. (C) A NSE-immuno-
reactive nerve cell body (arrow) is observed in a nerve 
bundle (arrowheads). M: smooth muscle cells. (D) Nerve 
cell bodies (arrow) with NSE-immunoreactive cytoplasm 
are observed in the intermuscular connective tissue 
area of the vagina. M: smooth muscle

 Scale bar = 50 μm
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Distribution of NP immunoreactive nerve fibres

In the shell gland and the vagina the density of NP 
immunoreactive nerve fibres was higher in the tunica 
muscularis than in the lamina propria-submucosa 
(Table 1). In all the oviductal regions, the NP immuno-
reactive nerve fibres within the tunica muscularis ran 
parallel to the longitudinal axis of the smooth muscle 
cells (Fig. 2A). The intermuscular connective tissue 
area, located between the muscle layers of the tunica 
muscularis, contained several NP immunoreactive 
nerve bundles (Fig. 2B). These nerve bundles were 
in most cases associated with blood vessels. No NP 
immunoreactive nerve fibres were demonstrated 
with in the blood vessel walls in any of the oviductal 
regions studied. A few large nerve bundles contain-
ing NP immunoreactivity were observed in the tuni-
ca ser osa. These nerve bundles appeared to course 
independently of blood vessels.

Distribution of NSE immunoreactive nerve 
fibres

In general nerve fibres in the lamina propria-submu-
cosa coursed parallel to the epithelium (Fig. 3A). In 
the shell gland and vagina the density of NSE im-
munoreactive nerve fibres appeared to be greater in 
the tunica muscularis than in the lamina propria-
submucosa (Table 1). The tunica muscularis in all 
the regions studied contained NSE-immunoreactive 
nerve fibres which were orientated parallel to the 
longitudinal axis of the smooth muscle cells.

Nerve bundles containing NSE immunoreactivity 
were observed in the intermuscular connective tissue 
area of the oviduct. In addition to coursing along side 
blood vessels, NSE-immunopositive nerve fibres 
were seen within the walls of blood vessels (Fig. 
3B). In all the oviducal regions studied, a few nerve 
bundles within the tunica muscularis and intermus-
cular connective tissue area contained NSE-immuno-
reactive nerve cell bodies (Fig. 3C). The nerve cell 
bodies occurred either singly or in small groups, and 
were characterized by the presence of abundant 
NSE-immunoreactive cytoplasm and a large vesicu-
lar nucleus with a prominent nucleolus. Occasionally, 
the nerve cell bodies appeared to be independent of 
nerve bundles (Fig. 3D). The frequency of occur-
rence of the nerve cell bodies did not appear to dif-
fer between the various oviductal regions.

A moderate number of NSE-immunoreactive nerve 
bundles was observed in the tunica serosa of the 
isthmus and shell gland, whilst few nerve bundles or 
nerve fibres were seen in the serosal layers of the 
other regions of the oviduct. In all cases nerve bun-

dles within the tunica serosa did not appear to be 
accompanied by blood vessels.

DISCUSSION

The present study is the first documentation of nerve 
distribution in different regions of the ostrich oviduct. 
The neuronal markers used showed that the tunica 
serosa and the intermuscular connective tissue area 
contained predominantly nerve bundles, whilst the 
tunica muscularis and lamina propria-submucosa 
con tained mainly isolated nerve fibres. Furthermore, 
the markers used indicated that nerve density is 
greater in the tunica muscularis and intermuscular 
connective tissue area, and less in the lamina pro-
pria-submucosa. These findings are in general agree-
ment with previous studies in the domestic fowl (Gil-
bert & Lake 1963; Costagliola et al. 1997) and the 
pigeon (Atoji et al. 2000). In addition, as noted by 
Gilbert & Lake (1963), the nerve density in the shell 
gland and vagina is greater than in the more proxi-
mal regions of the oviduct. The large number of nerve 
fibres in the tunica muscularis of the shell gland and 
the vagina is undoubtedly important in the coordina-
tion of muscle contraction during oviposition. Inter-
estingly, the results of the present study are contrary 
to the results of an electron microscopic study carried 
out in the quail oviduct in which it was demonstrated 
that very few nerve fibres were present in the tunica 
muscularis (Arjamaa & Talo 1983). These findings 
are surprising as it is assumed that the tunica mus-
cularis in the avian oviduct would have an extensive 
neural network to coordinate the transportation of 
the ovum. However, as explained by Arjamaa & Talo 
(1983) the muscular contractions of the quail oviduct 
occur as a result of electrical activity induced as the 
ovum stretches the smooth muscle cells.

In the present study, PGP and NSE-immunoreac-
tive nerve fibres were seen in the walls of blood ves-
sels. Since both PGP and NSE are general neuronal 
markers, demonstrating both efferent and afferent 
nerves, it is possible that the nerves observed in the 
walls of the blood vessels were autonomic. Admit ted-
ly, the antibodies used precluded the identification 
of sympathetic and parasympathetic nerve fibres. 
However, research carried out by Sorger, Pittman & 
Soderwell (1983) has shown the presence of a sym-
pathetic innervation to blood vessels in the uterus of 
the hamster. Furthermore, in the pigeon nicotinamide 
adenine dinucleotide phosphate reduced diaphorase 
(NADPH-d)-reactive nerve fibres, which are known 
to be parasympathetic in nature, have been observed 
around blood vessels in the oviduct (Atoji et al. 2000). 
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Likewise, a study on the innervation of the oviduct in 
the domestic fowl demonstrated a perivascular auto-
nomic nerve network, which was thought to regulate 
blood flow (Costagliola et al. 1997).

In addition to having an influence on blood flow it is 
known that autonomic nerve fibres play a role in the 
regulation of glandular secretion. Indeed, a study of 
the uterine innervation in the mare indicated the pres-
ence of nerve fibres around endometrial glands (Bae 
et al. 2001). As the ostriches used in the present 
study were sexually immature with quiescent ovaries, 
developed tubular glands were not observed in the 
oviduct. A study using oviductal material from sexu-
ally mature ostriches is necessary to determine the 
innervation of oviductal tubular glands in this spe-
cies.

The structure and location of nerve cell bodies in 
the ostrich oviduct correlated well with descriptions 
of similar cells in the domestic fowl (Gilbert & Lake 
1963; Costagliola et al. 1997). Gilbert & Lake (1963) 
reported that in the domestic fowl single and paired 
nerve cell bodies were found in large nerve bundles 
in the intermuscular connective tissue area. Further-
more, by employing NADPH-d histochemistry Cos -
tag li ola et al. (1997) were also able to demonstrate 
a few nerve cell bodies in the circular layer of the 
tunica muscularis. In the present study NSE immuno-
histochemistry demonstated the presence of nerve 
cell bodies in the intermuscular connective tissue 
area, as well as in the tunica muscularis. Furthermore, 
as in the domestic fowl (Gilbert & Lake 1963), some 
nerve cell bodies appeared to occur independently 
of nerves. Interestingly, the nerve cell bodies identi-
fied in the present study were immunopositive for 
NSE, but not for PGP or NP. 

In conclusion, the results of the study indicate that 
the oviduct of the ostrich has an extensive neural 
network, which was demonstrated by the neuronal 
markers PGP, NP and NSE.
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