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Innervation of the rat pineal gland by nerve fibres
originating in the sphenopalatine, otic and trigeminal
ganglia. A retrograde in vivo neuronal tracing study
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Abstract - The innervation of the rat pineal gland from the sphenopalatine, otic, superior cervical
and trigeminal ganglia was investigated in animals by use of in vivo retrograde tracings. A solution
of 2 % Fluorogold was iontophoretically injected into the superficial pineal gland in a series of
Wistar rats. After a survival time of 4-10 days, the animals were fixed by perfusion and the brains,
sphenopalatine, otic, superior cervical and trigeminal ganglia were investigated with a fluorescence
microscope. Many retrogradely labelled perikarya were found in the superior cervical ganglia, but a
smaller number of neurones were also labelled in the sphenopalatine, otic and trigeminal ganglia. Injec-
tions of the tracer into the subarachnoidal space were used as the control for unspecific uptake and trans-
port of the tracer. The input to the pineal gland from the parasympathetic sphenopalatine and otic gan-
glia might be involved in the regulation of the annual rhythms of the pineal gland. The projections from
the sensory trigeminal ganglion could be involved in the control of the blood flow of the gland.
&copy; Inra/Elsevier, Paris.
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Résumé &horbar; Innervation de la glande pinéale de rat par des fibres nerveuses provenant des
ganglions sphénopalatin, otique et trijumeau. Une étude par traçage rétrograde in vivo. L’inner-
vation de la glande pinéale de rat à partir des ganglions sphénopalatin, otique, cervical supérieur et
trijumeau a été étudiée chez des animaux par traçage rétrograde in vivo. Une solution de Fluoro-
gold (2 %) a été injectée par iontophorèse dans la glande pinéale superficielle de rats Wistar. Après
un temps de survie de 4 à 10 j, les animaux ont été fixés par perfusion et les cerveaux et les ganglions
sphénopalatin, otique, cervical supérieur et trijumeau ont été analysés au microscope à fluorescence.
De nombreux perikaryons marqués de manière rétrograde ont été trouvés dans les ganglions cervi-
caux supérieurs, mais un nombre plus faible de neurones ont aussi été marqués dans les ganglions sphé-
nopalatin, otique et trijumeaux. Des injections du traceur dans l’espace subarachn6idien ont été uti-
lisées comme témoin pour une capture et un transport non spécifique du traceur. Les afférences vers
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la glande pinéale à partir des ganglions parasympathiques, sphénopalatin et otique pourraient être impli-
quées dans la régulation des rythmes annuels de la glande pinéale. Les projections à partir du ganglion
sensoriel trijumeau pourraient être impliquées dans le contrôle du débit sanguin de la glande.
&copy; Inra/Elsevier, Paris.
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1. INTRODUCTION

Anatomical studies have shown that the
mammalian pineal gland is innervated by
nerve fibres originating from the perikarya
in the brain (for a review, see [15]) and by
nerve fibres originating from the perikarya
located in the peripheral ganglia (for review,
see [17]).

The peripheral pineal innervation from
the superior cervical ganglion [4] has been
documented in all investigated species and
shown to be of functional importance for
pineal physiology in many mammals [6].
However, strong anatomical evidence for
the innervation of the pineal from parasym-
pathetic ganglia has also been provided.
Kenny [5] carried out a model study in this
field on the monkey. After cutting the
greater petrosal nerve, he observed a degen-
eration of nerve fibres in the pineal gland.
The greater petrosal nerve provides the
sphenopalatine ganglion with preganglionic
parasympathetic nerve fibres. Therefore, the
degenerating nerve fibres in the pineal gland,
observed after cutting of the greater petrosal
nerve, are probably degenerating second
order neurones in the parasympathetic ner-
vous system.

Immunohistochemical studies of neu-

ropeptidergic fibres in the mammalian pineal
have also pointed towards the sphenopala-
tine ganglion as the origin of pinealopetal
nerve fibres [19]. Thus, both the vasoactive
intestinal peptide (VIP) [1, 16] and peptide
histidine isoleucine (PHI) [13] are present in
intrapineal nerve fibres. These neuropep-
tides are abundant in cell bodies of the

sphenopalatine ganglion [22] but not pre-
sent in the perikarya of the superior cervical

ganglion. The hypothesis that the VIP/
PHIergic intrapineal nerve fibres originated
from the perikarya in the sphenopalatine
ganglion has been further supported by ret-
rograde tracings from the pineal gland of
the Mongolian gerbil [27] and rat [7] which
resulted in the labelling of the perikarya in
the sphenopalatine ganglion. In the gerbil,
combined tracing and immunohistochem-
istry further showed [27] that some of the
labelled perikarya in the sphenopalatine gan-
glion also contained VIP.

Other parasympathetic ganglia than the
sphenopalatine ganglion also have to be con-
sidered with regards pineal innervation.
Thus, the otic ganglion contains many
VIPergic perikarya and is known to inner-
vate brain vasculature [31, 33]. Whether this
ganglion projects to the pineal gland is at
the moment unknown.

Finally, the presence of a plexus of nerve
fibres in the pineal gland containing sub-
stance P (SP) and the calcitonin gene-related
peptide (CGRP) [18, 25, 27] in the pineal
gland of several mammalian species is
responsible for raising questions on the ori-
gin of these peptidergic nerve fibres. In the
gerbil, combined tracing with immunohis-
tochemistry has indicated that the SPergic
nerve fibres originate in the perikarya
located in the trigeminal ganglion [27].

Criticism has been raised against the ret-
rograde tracing studies. Thus, spreading of
the tracer to meninges might result in false
labelling of cell bodies after an unspecific
uptake of the tracer into nerve fibres located
in the pial membrane. We have therefore
reinvestigated the innervation of the rat
pineal gland by using Fluorogold as a retro-



grade tracer. Fluorogold is taken up by dam-
aged nerve fibres and not by intact nerve
fibres. Thus, an unspecific uptake by
meningeal fibres is not seen with this tracer.
Our study shows that the injection of Fluo-
rogold into the rat pineal gland results in
labelling of perikarya in the parasympathetic
sphenopalatine ganglion and otic ganglion, as
well as in the sensory trigeminal ganglion.

2. MATERIALS AND METHODS

2.1. Animals

Twenty adult male Wistar rats, weighing
250-300 g, were used in this investigation. The
animals were kept in a 12:12 h light/darkness
schedule (light on at 06:00) with food and water
ad libitum. All animals were obtained from the
animal department of the Panum Institute, Copen-
hagen, Denmark. The principles of laboratory
animal care and specific national laws were fol-
lowed.

2.2. Injection of tracer
and cryostat sectioning

After tribromethanol anaesthesia i.p.
(250 mg.kg-I animal), the animals were fixed in
a Kopf stereotaxic apparatus. After a midline
incision of the skin of the skull, the calvarium
was exposed. Using a dental drill and fine metal
needles, a trepanation of the skull was made
above the confluens sinuum. A pulled glass
microelectrode with a tip diameter of 25-50 11m
was filled with a solution of Fluorogold (2 %
Fluorogold in 0.1 M acetate buffer, pH 3.3) and,
after lowering the electrode into the pineal gland
through the confluens sinuum, the tracer was
injected iontophoretically by using a positive
current of 10 0 pA (7 s on; 7 s off) for 15 min.
After removal of the glass electrode the skin was
sutured and the animals were allowed to survive
for 4-10 days before fixation.

Eight animals, injected with the Fluorogold
tracer directly into the subarachnoidal space sur-
rounding the superficial pineal gland, served as
controls.

2.3. Perfusion fixation

The animals were re-anaesthetized with tri-
bromethanol as described above and perfused

through the heart with ice-cold heparinized
(15 000 IU.L-1) phosphate-buffered saline (pH
7.4, PBS) for 2 min followed by 4 % parafor-
maldehyde in 0.1 M sodium phosphate buffer
(pH 7.2) for 10 min. The brains, the sphenopala-
tine ganglia, the otic ganglia, the superior cervi-
cal ganglia and the trigeminal ganglia were
removed and postfixed in the same fixative for
2 days and transferred to PBS. The brains were
then cryoprotected for 2 days in 20 % sucrose,
frozen in crushed dry ice, sectioned in a cryo-
stat at a thickness of 15 5 pm and collected on

gelatinized glass slides.

2.4. Fluorescence microscopy

The sections were viewed in a Zeiss Axio-

phot equipped with epifluorescence and Zeiss
interference filters (excitation filter G365, mirror
LP420 and barrier filter LP430), and pho-
tographed on Kodak ektachrome 320T film for
colour slides or Tri-X 400 film for black and
white prints.

3. RESULTS

3.1. Location and morphology
of the investigated ganglia

The sphenopalatine ganglion lies between
the medial surface of the maxillary nerve
(figure 1) and the nasal orbital wall (figure 2)
in the pterygopalatine fossa. The ganglion is
elongated in the rostro-caudal direction
endowed with two or three swellings along
its length. Caudally, the ganglion is con-
nected with the nerve of the pterygoid canal
(Vidian nerve) and rostrally the ptery-
gopalatine nerve (figure 2) extends from the
ganglion together with the orbital branches
of the ganglion. More caudally, the palatine
branch leaves the ganglion to enter the major
palatine canal (figure 2). Several delicate
branches leave the ganglion in the dorsal
direction located on the medial wall of the
orbit to enter the anterior ethmoidal fora-
men together with the nasociliary nerve (fi’g-
ure 2). These branches enter the cranial cav-
ity to supply the blood vessels of the brain.



The otic ganglion exhibits a triangular
shape from which a small nerve fibre
emerges from one of the poles. The gan-
glion is located close to the foramen ovale
beneath the sphenoid bone (figure 2). The
ganglion is separated on its lateral surface
from the maxillary nerve by the ptery-
gopalatine artery, and connected to the lesser
petrosal nerve, which in the rat is a branch
from the greater petrosal nerve. The lesser
petrosal nerve emerges from the skull

through the petrotympanic fissure. Branches
from the ganglion reach the mandibular and
auriculotemporal nerves. The sympathetic
fibres approach the ganglion via nerve fibres
surrounding the pterygopalatine artery.

The large trigeminal ganglion is located
in the middle cranial fossa (figure 1). The
ganglion divides rostrally into the opthalmic,
maxillary and mandibular nerves. The
opthalmic and maxillary nerves enter the



orbit through the anterior lacerated foramen
(foramen orbitorotundum) which corre-
sponds to the foramen rotundum and supe-
rior orbital fissure in man. The opthalmic
nerve gives rise to the nasociliary nerve
which, through the ethmoidal foramen,
innervates blood vessels in the anterior part
of the brain.

The superior cervical ganglion is an elon-
gated structure located on the neck just
medial to the carotid bifurcation. The gan-
glion is easily recognized owing to the two
slender nerves emerging from the rostral
and caudal part of the ganglion.

3.2. Retrograde tracings

The fluorogold injections into the super-
ficial pineal gland were for the most part
very small but the size depended on the
length of the injection time. A large injec-
tion, approximately 100 x 100 !m, is seen in
figure 3. Several of the injections were
smaller. The larger injections resulted in a
more retrogradely labelled perikarya in the
investigated ganglia.

After injections of Fluorogold into the
pineal gland (figure 3), labelled perikarya
were found in all three investigated ganglia
on both the right and left side. The highest
number of labelled perikarya, between 10
and 20, was seen in the superior cervical
ganglion (figure 4). The neurones were
mostly located in the rostral part of the gan-
glion with fibres extending toward the ros-
tral part of the ganglion.
Few neurones were observed in the

sphenopalatine (figure 5), otic (figure 6) and
trigeminal ganglia (figure 7) after the injec-
tion of Fluorogold into the superficial pineal
gland. In the trigeminal and sphenopalatine
ganglia two to four labelled neurones were
observed. In the otic ganglion one to two
neurones were labelled. However, the
labelled perikarya were repeatedly observed
after the large injections into the superficial
pineal gland. In contrast, in cases where Flu-
orogold was injected into the subarachnoidal

space, we rarely observed retrogradely
labelled perikarya in the ganglia, and only
after installation of large amounts of the
tracer.

4. DISCUSSION

Our study confirms previous retrograde
tracing studies in rodents showing perikarya
located in the sphenopalatine [27] and
trigeminal ganglia [25, 27] projecting to the
pineal gland. In addition, this study further
indicates that the otic ganglion also contains
perikarya projecting to the pineal gland of
the rat.





A major pitfall with regards neu-
roanatomical retrograde tracings from the
pineal gland is the unspecific labelling of
the perikarya innervating the meninges sur-
rounding the gland. Some tracers, used in
earlier studies, are easily taken up by nerve
fibres and the risk of unspecific transport
of the tracer is high. In contrast, Fluorogold
is mostly taken up by damaged nerve fibres,
and in this study even major injections of
the tracer into the subarachnoidal space only
rarely labelled perikarya in the investigated
ganglia.

Our finding of neurones in the spheno-
palatine ganglion and in the otic ganglion
projecting to the pineal gland is not sur-
prising. All three ganglia are known to con-
tain perikarya innervating the arteries of the
brain [30-33]. The blood vessels of the
pineal gland are derived from the blood ves-
sels in the pineal capsule which is a part of
the pial meningeal membrane. Therefore, it
is logical that the same ganglia also inner-
vate the blood vessels inside the pineal
gland.

Combined retrograde tracings and trans-
mitter immunohistochemistry in the gerbil
have shown VIP-containing neurones in the
sphenopalatine ganglion innervating the
pineal gland [27]. However, several
immunohistochemical studies show that
nerve fibres containing VIP leave the
perivascular spaces and enter the pineal
parenchyma. Therefore, these nerve fibres
might influence the hormone synthesis of
the pinealocytes. Receptors for VIP [8, 16]
and PHI [34], sister peptides encoded from
the same gene [3, 23] and located in neu-
rones of the sphenopalatine ganglion, are
present on the pinealocytes. Both peptides
have been shown to stimulate melatonin

synthesis in cultured pinealocytes [14, 28
29, 36].

Innervation of the pineal gland from the
trigeminal ganglion is a new concept. This
ganglion is the sensory ganglion of the 5th
cranial nerve. However, for several years
the trigeminal ganglion has also been known

to contain SPergic neurones projecting with
sensory nerve endings to the brain vascula-
ture. Substance P, released from these neu-
rones, is able to dilate pial vessels [12, 35].

Substance P has been found in intrap-
ineal nerve fibres of several species [10, 11,
18, 25-27]. However, to our knowledge,
experiments up to now have failed to show
any influence on melatonin secretion. There-

fore, the SP-containing nerve fibres of the
pineal might influence the blood flow of the
pineal gland and not melatonin secretion.

Recently PACAP has also been shown
in intrapineal nerve fibres [21]. This pep-
tide stimulates melatonin synthesis [28, 29]
and receptors are located on the cell mem-
brane of the pinealocytes [9, 24]. In the ger-
bil, combined retrograde tracings and
immunohistochemistry have indicated that
the perikarya of the PACAPergic nerve
fibres are located in the trigeminal ganglion.
In a recent study on the rat [21], we have
demonstrated a nearly 100 % colocalization
of PACAP and CGRP, the latter present in
numerous perikarya in the trigeminal gan-
glion [2].

The physiological importance of the ner-
vous input from the non-sympathetic ganglia
is still enigmatic. However, annual varia-
tions of the content of neuropeptides in the
pineal have been demonstrated [20]. We
have therefore suggested that these ganglia
might be involved in the regulation of annual
rhythms of the mammalian pineal. The func-
tional importance of the nervous input from
the trigeminal ganglion to the pineal gland is
also unknown. It might represent an input
to the blood vessels or might be the anatom-
ical substrate for a sensory feedback reflex
from the pineal to the brain stem.
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