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Immunohistochemical Study of the Neuropeptides
in the Stellate Ganglion of the Water Buffalo
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Abstract The localization of some neuropeptides including neuropeptide Y (NPY), substance P
(SP), calcitonin gene related peptide (CGRP), vasoative intestinal peptide (VIP), galanin (Gal),
methionine enkephalin (M-ENK), tyrosine hydroxylase (TH) immunoreactivity was studied in the
stellate ganglion (SG) of water buffalo. NPY, SP, Gal and TH immunoeactivities were present
in almost all of the ganglion cells. NPY, SP, Gal, SP, CGRP, VIP and M-ENK immunoreactive
nerve fibers were also seen in the SG. The localization and pattern of distribution of these
peptides in the water buffalo stellate ganglion were compared with those in stellate ganglia of

other mammalian species.
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Introduction

The stellate ganglion (SG, cervicothoracic
ganglion) is one of the paravertebral ganglia
which form the sympathetic chains along the
spinal cord and it receives short preganglionic
axons from spinal cord and the ganglion send
out their long postganglionic axons to the
important organs in the thoracic cavity ; lung
and heart and to the arm via the brachial
plexus.

Several studies have focussed on the neuro-
transmitters and neuropeptides of the mam-
malian stellate ganglia. However the studies
about the SG are based mainly on the results of
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immunohistochemical studies carried out on
small laboratory animals?'®41820  There
were few evidences available concerning the
localization of neuropeptides in sympathetic
paravertebral ganglia of farm animals®, and the
presence of neuropeptides in the water buffalo
SG was not mentioned yet. Therefore, the
present study was undertaken to clarify the
distribution of neuropeptides in the water buf-
falo SG using antibodies against several neuro-
peptides.

Materials and methods

Adult water buffalo (carabao) were used in
this study. These animals were killed at the
slaughter house in Philippines. The SG of both
sides were immediately removed and fixed by
immersion into the 5% phophate-bufferd forma-
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lin. As a usual method, tissues were embedded
in paraffin to cut at a thickness of 10um.
Sections were processed for immunohisto-
chemical detections of following neuropeptides
and catecholamine-synthesizing enzyme neuro-
peptide Y (NPY), substance P (SP), calcitonin
gene related peptide (CGRP), vasoactive intesti-
nal peptide (VIP), galanin (Gal), methionine
enkephalin (M-ENK), tyrosine hydroxylase
(TH). Antisera for NPY, SP, CGRP, VIP, Gal
and M-ENK were raised in rabbits (polyclonal
antibodies : pa). Antiserum for TH was raised
in mice (monoclonal antibody : ma). All of the
antibodies were supplied from INCSTAR Corp.
(Minnesota, USA). The sections were dewax-
ed and pretreated with a 0.39 hydrogen perox-
ide in methanol to block endogenous peroxidase
activity. Immunohistochemical stain was
achieved using an avidin-biotin-immunoperox-
idase method (Histofine SAB-PO (R) for pa and
SAB-PO (M) for ma, Nichirei co. Ltd., Tokyo).
Incubation period for primary antisera is 12
hours in 37°C. The immunohistochemical reac-
tion product was developed by incubation of the
sections in diaminobenzidine and H,O, in Tris-
HCI buffer. After being washed, the sections
dehydrated in a graded alcohol, and mounted
under coverslips with Canada balsam. Con-
trols included the bovine serum instead of the
primary antibodies. None of the immuno-
reactivities were observed in the controls. The
immunoreactive and non-immunoreactive prin-
cipal cells of SG were counted. The total
number of counted cells from four sections were
200, respectively.

Results

The stellate ganglion of the water buffalo lied
on the ventral part of the costovertebral junc-
tion of the first lib and the first intercostal
space. It was formed by the caudal cervical

ganglion and the first one or two thoracic sym-
pathetic chain ganglia. The size of the SG was
about 1.5 cm in length 1.0 cm in width.

Many nerve fibers arose from this ganglion.
The ganglion was surrounded by dense connec-
tive tissue capsule and consisted of several
bundles of nerve fibers and nerve cells. The
nerve cells (principal neurons) were large, round
shape and had spherical nucleus and display
several processes (multipolar cell).

NPY immunoreactivity

A large number of NPY-immunoreactive (IR)
principal neurons were found in the SG.
Approximately 60-709 of principal neurons in
the SG exhibited NPY-IR. In these positive
neurons there were many granules. Some var-
icose NPY-IR nerve fibers were detected in the
SG.

SP immunoreactivity (Fig. 1)

Almost all of principal neurons in the SG
exhibited SP-IR. They scattered in the gan-
glion evenly. But these positive reactions were
very weak in all sections. We could detect
varicose SP-IR nerve fibers in some sections.

CGRP immunoreactivity

Approximately 80-909 of principal neurons
exhibited CGRP immunoreactivity. These
neurons exhibited weak CGRP immuno-
reactivity. Some varicose CGRP-IR nerve
fibers were also found.

VIP immunoreactivity (Figs. 2, 3)

Some VIP-IR principal neurons (10-209%)
were present in the SG. They were character-
ized that the some positive neurons gathered
solitary. The IR principal neurons had gran-
ules which stained intensely in the cytoplasm.
A few VIP-IR nerve fibers were found in the
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Small number of varicose Gal-IR nerve fibers
were observed in the SG.

Gal immunoreactivity (Fig. 4)

A large number of principal neurons of the SG M-ENK immunoreactivity
exhibited galanin immunoreactivity. These Numerous M-ENK-IR principal neurons
neurons had positive granules in the cytoplasm. were observed in the SG. Approximately 50-

Fig. 1

Fig. 2

Fig. 3

Fig. 4

SP-immunoreactive principal neurons in stellate ganglion of water buffalo. The immunoreacrtive
neurons are scattered in the ganglion. The immunoreactivity of these cells is not intense.

B : bundle of nerve fiber, P: immunoreactive principal neuron. Bar=70 gm
VIP-immunoreactive principal neurons in stellate ganglion. Some immunoreactive neurons
gather solitary.

P : immunoreactive principal neuron, N : negative neuron. Bar=150gm

VIP-immunoreactive cell in the stellate ganglion. Many positive granules in the cytoplasm
(arrow) are observed.

P: positive cell, N : negative cell Ber=30um

Gal-immunoreactive neurons in stellate ganglion. Almost all of the neurons in the ganglion are
Gal immunoreactive and they scattered evenly in the ganglion. Many immunoreactive granules
in the cytoplasm are observed.

P : immunoreactive principal neuron, N : negative neuron. Bar=70uxm
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609 of principal neurons in the SG showed M-
ENK immunoreactivity. Small number of M-
ENK-IR nerve fibers found were in the SG.

TH immunoreactivity

A large number of principal neurons of the SG
(80-909) showed intense TH immunoreactivity.
But we could not find any TH-IR fibers sur-
rounding the principal neurons of the SG.

Discussion

In this study we could detect seven types of
neuropeptides in the stellate ganglion (SG) of
the water buffalo.

Immunohistochemical investigations have
revealed numerous NPY-positive principal
neurons in sympathetic ganglia including SG of
cat®”, pig¥, rat!® and man?®. In this study
almost all of the principal neurons of the water
buffalo SG exhibited NPY-immunoreactive
reaction. This observation is similar to those
of the guinea-pig?, but SG of other ani-
mals®?1?? showed fewer NPY-immunoreactive
neurons than water buffalo one. Because of
the thickness of the section, we could detect
only a small number of NPY-IR nerve fibers in
the water buffalo SG.

The principal neurons in mammalian
SGY»M®  and other paravertebral ganglion?
appear to be negative for antibody to SP. In
vitro study has shown the existence of SP-IR
material in the rat superior cervical ganglion'?.
In the present study we could find many but
weak SP-IR principal neurons in the SG. SP
immunoreactive nerve fibers have been found in
the SGY9M992L)  The present result that a
small number of SP-positive nerve fibers were
found in the carabao SG is consistent with these
views.

In the present study many CGRP-IR principal
neurons were found in the SG, while solitary

principal neurons were found in the SG of the
rat!®, cat'”, guinea pig'?, pig® and man?®. We
cound also find CGRP-IR nerve fibers in the
ganglion and this result is in agreement with
recent investigations carried out on paraverte-
bral ganglia of the guinea pig?®, rat'? and pig®.

VIR-IR principal neurons have been shown to
be present in various animals?¥192922  In the
present study solitary gathered VIP positive
principal neurons were seen in some region of
the SG. This is in accordance with pig data®®.
Few VIR-IR nerve fibers were observed in the
SG, but they did not surround the clustered
VIR-IR principal neurons as reported in pig
SG®,

In the cat SG, there are many Gal immunor-
eactive principal neurons and these neurons also
contained ' immunoreactivity to TH!?. We
could observe the many Gal-immunoreactive
principal neurons and degree of these cells is
almost same as that of TH positive cells.

Numerous M-ENK immunoreactive principal
neurons were observed in the water buffalo SG,
but in the pig¥® fewer positive cells are found.
No M-ENK immunoreactive principal neurons
are found in man® and cat”. M-ENK im-
munoreactive nerve fibers form the baskets
around principal neurons®”, while in our obser-
vation the positive nerve fibers were sparse and
did not form basket. It is in accordance with
the result of pig and guinea-pig'”.

Many intense TH immunoreactive principal
neurons were detected in the carabao SG.
However, we could not find any fibers surround-
ing the principal neurons of the SG. This result
is in accordance with the report of Heym et al.?.
TH is the enzyme of noradrenaline synthesis, so
we could observe only immunoreactive princi-
pal neurons in the sympathetic ganglion.

In conclusion, this study provides new,
detailed immunohistochemical evidence that the
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water buffalo SG contains a number of different
neuropeptides, located in neuronal cell bodies
and in nerve fibers of unknown origin. The
presence of NPY, SP, CGRP, VIP, M-ENK, Gal
and TH- in principal neurons and their processes
suggests that they may play a functional role in
the modulation of neurotransmission in target
organs of the water buffalo SG. '

Acknowledgement

This work was supported in part by the
Grant-in-Aid (2) 0904571 for scientific research
B from the Ministry of Education, Scinence,
Sports and Culture, Japan.

References

1) Dalsgaard CJ, Vincent SR, Schultzberg M,
Hokfelt T, Elfvin LG, Terenius L and Dockray G:
Capsasin-induced depletion of substance P-like im-
munoreacitivity in guinea pig sympathetic ganglia.
J. Auton. Nerv. Syst. 9: 595-606, 1983.

2) Gibbins IL, Furness JB and Costa M : Path-
way-specific patterns of coexsistence of substance
P, calcitonin gene-related peptide, cholecystokinin
and dynorphin in dorsal root ganglion neurons of
guinea pig. Cell Tissue Res. 248 : 437-447, 1987.

3) Happola O, Lakomy M, Majewski M, Was-
owiez K and Yanaihara N : Distribution of nerur-
opeptides in the porcine stellate ganglion. Cell
Tissue Res. 274 : 181-187, 1993.

4) Hzppsld O, Soinila S, Paivarinta H and
Panula P : (Met®) Enkephalin-Agi®~Phe’ and (Met®)
Enkephalin-Agré-Gly7-Leu®- immunoreactive
nerve fibers and neurons in the superior cervical
ganglion of the rat. Neuroscience 21 : 288-295, 1987.

5) Hervonen A, Linnoila I, Pickel VM, Helen
P, Pelto-Huikko M, Alho H and Miller RJ : Locali-
zation of (Met®)-and (Leu®)-enkephalin -like im-
munoreactivity in nerve terminals in human par-
avertebral sympathetic ganglia. Neuroscience 6 :
327-330, 1981.

6) Heym C, Lieu N, Gleich A, Oberst P and
Kummer W : Immunohistochemical evidence for
different pathways immunoreactive to substance P
and calcitonin generelated peptide (CGRP) in the
guinea-pig. Cell Tissue Res. 272 : 563-574, 1993.

7) Heym C, Reinecke M, Weihe F and Fors-

mann WG : Dopaminne-g-hydroxylase, neuroten-
sin, substans P, Vasoactive intestinal polypeptide
and enkephalin-immunohistochemistry of paraver-
tebral and prevertebral ganglia in the cat. Cell
Tissue Res. 235: 411-418, 1984.

8) Hill EL and Elde R: Vasoactive intestinal
peptide distribution and colocalization with
dopamine-B-hydroxylase in sympathetic chain gan-
glia of pig. J. Auton. Nerve. Syst. 27 : 229-239, 1989.

9) Hokfelt T, Elfvin LG, Schultzberg M, Gold-
stein M and Nilsoson G: On the occurence sub-
stance P-containing fibres in sympathetic ganglia :
immunohistochemical evidence. Brain Res. 132 : 29-
41, 1977.

10) Jdrvi R, Helen P, Pelto-Huikko M and
Hervonen A : Neuropeptide Y (NPY)-like im-
munoreactivity in rat sympathetic neurons and
small granule-containing cells. Neurosci. Lett. 67 :
223-227, 1986.

11) Kessler JA, Adler JE, Bohn MC and Black
IB: Substance P in principal sympathetic neurons :
regulation by impulse activity. Science 214: 335-
336, 1981.

12) Kummer W and Heym C: Neuropeptide
distribution in the cervico-thoracic paravertebral
ganglia of the cat with particular reference to.cal-
citonin gane-related peptide immunoreactivity.
Cell. Tissue. Res. 252 : 463-471, 1988.

13) Kummer W and Heym C: Differnt type of
calcitonin gene related peptide-immunoreactive
neurons in the guinea-pig stellate ganglion as
revealed by triple-labelling immunofluoresence.
Neurosci. Lett. 128 : 187-190, 1991.

14) Landis SC and Fredien J: Coexistence of
calcitonin gene-related peptide and vasoactive
intestinal peptide in cholinergic sympathetic inner-
vation of rat sweat glands. Brain Res. 377 : 177-181,
1986.

15) Lindh B, Hokfelt T and Elfvin LG : Peptides
and transmitters in para- and prevertebral ganglia
and their projections. Exp. Brain Res. Ser. 16: 26-
33, 1987.

16) Lindh B, Lundberg JM and Hokfelt T:
NPY, galanin-, VIP/PH, CGRP- and substance P-
immunoreactive neuronal subpopulations in cat
autonomic and sensory ganglia and their projec-
tions. Cell Tissue Res. 256 : 259-273, 1989.

17) Lindh B, Lundberg JM, Hokfelt T, Elfvin
LG, Fahrenkrug J and Fischer J: Coexistence of
CGRP- and VIP- like immunorectivities in a popu-
lation of neurons in the cat stellate ganglia. Acta


library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked


Neuropeptides in the SG of Water Buffalo 121

Physiol. Scand. 131 : 475-476, 1987.

18) Lindh B, Pelto-Huikko M, Schalling M,
Lundberg JM and Hokfelt T : Substance P mRNA
is present in a population of CGRP-immunoreactive
cholinergic post-ganglionic sympathetic neurons in
the cat: evidence from combined in situ hybridiza-
tion and immunohistochemistry. Neurosci. 107 : 1-5,
1989.

19) Lundberg JM, Hokfelt T, Martling CR,
Saria A and Cuello C: Substance P-immunor-
eactive sensory of the lower respiratory tract of
various mammal including man. Cell Tissue Res.
235: 251-261, 1984.

20) Lundberg JM, Hokfelt T, Schultzberg M,
Uvnas-Wallenstein K, Kohler L and Said S: Occur-
ence of vasoactive intestinal polypeptide (VIP)-like
immunoreactivity in cholinergic neurons of the cat :
evidence from combined immunohistochemistry and
acetylcholinesterase staining. Neuroscience 4:
1539-1559, 1979.

21) Lundberg JM, Terenius L, Hokfelt T and

Goldstein M : High levels of neruopeptide Y (NPY)
in peripheral noradrenergic neurons in various
mammals including man. Neurosci. Lett. 42: 167-
172, 1983.

22) Lundberg JM, Terenius L, Hokfelt T, Mar-
tling CR, Tatemoto K, Mutt V, Polak J, Bloom S
and Goldstein M : Neuropeptide Y (NPY)-like im-
munoreactivity in peripheral noradrenergic neurons
and effect NPY on sympathetic function. Acta
Physiol. Scand. 116 : 477-480, 1982.

23) Schmitt M, Kummer W and Heym C: Cal-
citonin gene-related peptide (CGRP)- immunor-
active neurons in the human cervico-thoracic par-
avertebral ganglia. J. Chem. Neuroanat. 1 : 287-292,
1988.

24) Webber RH, Horn M and Heym C: Peptide
immunohistochemistry of guinea pig lumbar sympa-
thetic and ganglia. Exp. Brain Res. Ser. 16 : 34-38,
1987.

(Received for publication March 6, 2000)


library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked


122 T. Nasu et al.

(RIz#bss)

KFERHEHOMERTF FOSH

HIFRZBFE
*7 4 ) EVRFREFER T A= a 2K
B ERIKF B EER R
3K 78 3 < + Grace De Ocampo* * Helen A. Molina*

Ml FeHRA LB

HREROEENEEYE & LT, HHHREE
WEOMZ R TS FEEEVESREEERS N, &
BOBYTHRZ BHER7F FRFERah TS, B
ROEEN 0, e & o BakEEgs B X URIE A~
O REMR IR IRE T 2 EELBETHY, &
BEogwT, EREERHOMERTF PBRRINT
W3 H, KETREDOADRE L LRV,

S, BRIZ7 4V EVREOHHCIY, =7

DB TR D BIRHER 2 BN T K 21872,

B L 7o fiE % 5 %R~ ) VIR CEER, B
T NT 74 EH, 10 p OHEBIEAZERL, TR
ENTW3HHEE AL THERHNORTF FORE R
FEAEBLERNCAT o 72, BEOHRERTF Fizow
T, AREBRARE % REHB L FCBRE L BE,
7 #%E (NPY, SP, CGRP, VIP, Gal, M-ENK, TH)
DFERTF ¥ HRGBRRENCFET 5 2 L35
noiz,


library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked




