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Abstract: The localization and distribution of the adrenergic and acetylcholinesterase (AChE)- positive nerve fibres
innervating the spleen was studied in pheasant by using histochemical methods. Both visualized nerve fibres
entered the pheasant spleen at its hilum in the vicinity of the splenic artery branches and they were gradually
distributed into the parenchyma along large arterial branches. The greatest number and density of adrenergic and
cholinergic nerve fibres were associated with the central artery of the white pulp, and from this localization entered
to the periarterial lymphatic sheath. Some of these nerve profiles extended to the red pulp and reached the splenic
capsule. The adrenergic nerve fibres were found in the well of large and small branches of the splenic veins, but
no cholinergic nerve fibres were found there. The abundant occurence of adrenergic and cholinergic nerve fibres
in several parts of the pheasant spleen suggest about their participation on modulation of splenic functions.
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Introduction

Results

The spleen is encapsulated secondary lymphopoetic organ having
several functions and playing important role in immune reactions.
Extensive evidence accumulated over past decade from the fields
of psychology, neurobiology and immunology indicates that the
nervous system can modulate the activities of the immune
system through both neuroendocrine and autonomic outflow
(Bellinger et al., 1993). Alterated immune function has been
induced by classical behavioral condicioning, by stessful stimuli,
and by other psychological paradigms (Ader et al., 1990). Lesions
in specific regions of the brain, particularly in the hypothalamus and
limbic-related areas, lead to transient or even permanently altered
immunity in the periphery (Carlson and Felten, 1989).
Noradrenergic innervation of specific regions of primary and
secondary lymphoid organs, including parenchymal zones, has
established links necessary for neural modulation of immunity
(Bulloch, 1985).
While the species-specific differences of innervation in the
mammalian spleen are well documented by several authors
(Bellinger et al., 1989; Fillenz, 1970; Reilly, 1985), little attention
has been paid to study of splenic innervation in the lower
vertebrates (Hodges, 1974; Schmidtova et al., 1995).
The present study was performed to demonstrate in particular
adrenergic and AChE-positive neurons innervating the pheasant
spleen.

Adrenergic innervation of the pheasant spleen: The spleen in the
pheasant is a small round-shaped organ of brownish-red color and
it lies against the dorsal surface of the right lobe of the liver.
Structurally and funtionally the spleen belongs to the blood-forming
organs but it is also important as a secondary lymphopoetic
organ.
Adrenergic nerve fibres were observed in the pheasant spleen in
several localizations in the white pulp, the red pulp and in the
splenic capsule. The system of fibrous trabecuiae of the pheasant
spleen is very poorely developed.
Fluorescent histochemistry demontrated adrenergic nerve fibres
entering the spleen at its hilum in the vicinity of the splenic artery
branches. The visualized nerve fibres ran along the arterial
branches in periarterial topography as a longitudinal nerves or they
formed fine athentitial plexuses and gradually proceeded into the
spienic parenchyma (Fig. 1). The greatest number and density of
these nerve fibres were associated with the central artery. Some
of nerve fibres, detached from periarterial course were distributed
into the parenchyma of the periarteriolar lymphatic sheath (PALS)
and also were scattered in the marginal zone encircling the
germinal centre. Solitary nerve fibres was noted in the red pulp
(Fig. 2). In greater number the fluorescent nerve fibres were seen
in subcapsular region and from this localization they entered the
splenic capsule (Fig. 3), however these nerve profiles did not
form any nervous plexus here. It is notable that intensive
fluorescent nerve profiles were found in the wall of the large
splenic veins (Fig. 4). The thickness and density of these nerve
fibres were obvious smaller that in their periarterial localization.

Materials and Methods
The experiments in the present study were performed on 20 male
and female pheasants in the period of 1-5 weeks after birth. The
animals were anesthetized with sodium pentobarbital (40 mg/kg,
i.p.) The spleen was removed after laparotomy and individual
spleen semples were taken for both histological examinations.
Sections of 20 m thickness were prepared using a freezing
microtome. The observation of the adrenergic nerve structures
were vizualized by a modified fluorescent histochemical method,
using glyoxilic acid, that was developed by Shvalev and Zhuckova
(1987). The specific fluorescence of adrenergic nerve fibres was
studied in incident ultraviolet light (epiluminiscence) using a
microscope Jenalumar 2 (Zeiss, Jena). The presence of
acetylcholinesterase in splenic neural structures was determined
by the direct thiocholine method modified by El-Badawi and
Schenk (1967). After incubation, the individual sections were
mounted on slides and examined under a light microscope
Jenalumar 2.

Cholinergic
Innervation
of
the
pheasant
spleen:
Acetylcholinesterase staining in the pheasant spleen was present
in neural elements and were vizualized in several localization of
the spleen, like in the adrenergic nerve fibres. AChE-positive nerve
bundles were observed treveling along the splenic artery branches
near the point of entry into the spleen (Fig. 5). Nerve fibres from
these bundles traced branching of the splenic artery and in such
a way also accompanied the central artery. Some of these nerve
profiles, separated from their periarterial localization, continued to
propagate in the direction of the PALS, and the marginal zone of
the lymphatic follicle encircling the germinal centre (Fig. 6). The
AChE- positive nerve fibres in periarterial course reached
subcapsular region and entered into the splenic capsule (Fig. 7).
They were not found in the wall of the splenic veins.
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Fig. 1:

Fluorescent adrenergic nerve fibres are visible in
periarterial Tocation as a longitudinal nerves and forming
the adventitial nervous plexus in wall of detaching arterial
branch

Fig. 4:

Cross section through hilar splenic arterial branches and
splenic veins. Abundant presence of adrenergic nerve
fibres in wall of the arteries (A) and smaller density in wall
of the vein (V)

Fig. 2:

Rich adventitial nervous plexus of the central artery and
detaching nerve fibres into the PALS encircling the
marginal zone. Numerous nerve fibres are presented in the
red pulp

Fig. 5:

Thick nerve bundles in periarterial course and fine
adventitial plexus of AChE-positive nerve fibres associated
with the splenic artery (A)

Fig. 3:

Adrenergic nerve fibres around arterioles in subcapsular
region and longitudinal fibre in
the
splenic
capsule (C)

Fig. 6:

Some of nerve fibres detached from nervous plexus of the
central artery run to the PALS and the marginal zone of
the lymphatic follicle

783

Schmidtová et al.: Spleen, pheasant, innervation, adrenergic, cholinergic
the periarteriolar lymphatic sheath indicate that adrenergic and
cholinergic innervation participates in modulation of the immune
responses. Althouth there appears to be a immunoregulatory
relationship between splenic immune function and the autonomic
nervous system, definitive evidence has yet to be provided.
The present results support the concept
that the
autonomic nervous system is a fundamental mediator of
neuro-immune interactions.
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Abundant occurence of the AChE-positive nerve fibres
in the red pulp, subcapsular region and in the splenic
capsule (C)

Discussion
In the present study we report the presence and distribution of the
adrenergic and acetylcholinesterase positive nerve structures in the
pheasant spleen in their specialities. We found both adrenergic
and AChE-positive nerve fibres in the pheasant spleen. Visible nerve
fibres entered the spleen near its hilum in the vicinity of the splenic
artery branches. The spleen of the pheasant has no system of
fibrous trabeculae so nerve fibres are distributed into the
parenchyma in periarterial course. The adrenergic and
AChE-positive nerve fibres were presented in the white pulp, red
pulp and in the splenic capsule. Similar findings were recorded by
Schmidtova et al. (1995) during an investigation of development
of the AChE-positive nerve structures in the chicken spleen. Fillenz
(1970) in the cat and Reilly (1985) in the mouse were unable to
trace AChE-positive nerve fibres into the parenchyma of the spleen
and describe only a small density of AChE-positive nerves.
Bellinger et al. (1993) in rat observed the presence of
AChE- positive nerve fibres in the white pulp around the central
artery, in the PALS, and in the marginal zone, but did not find their
presence in the red pulp. Hodges (1974) reported only the presence
of sympathetic nerves in the chicken spleen without detailed
description. In the mouse, rat and rabbit the spleen is richly
innervated by sympathetic nerve fibres. These nerve fibres extend
to the border of the white and the red pulp but not enter the red
pulp (Felten et al., 1987; Bellinger et al., 1989). We did not find
any adrenergic nerve cells in the pheasant spleen and the nerve
cells were not found in the mammalian spleen at all (BuIloch,
1985).
The findings of the adrenergic and AChE- positive nerve fibres in
several localizations of the pheasant spleen lead to assume a
possible effect of these nerves not only the vessels mentioned but
also in terms of their direct effect on the spleen cells and the
splenic capsule. The presence of both demontrated nerve fibres in
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