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Rheumatoid arthritis (RA) involves a chronic symmetric
inflammation. It is characterized by changes in the synovial
membrane leading to erosion of the bone and the articular
cartilage and affects approximately 1% of the population
worldwide1. Adjuvant arthritis (AA) is an animal model that
mimics human RA. Neuropeptides exist in the synovial
membrane and may be involved in the pathogenesis of RA2

and are involved in the development of AA3.
Galanin is a 29-amino acid neuropeptide that was discov-

ered in 1983 by Viktor Mutt at the Karolinska Institute4. The
galanin gene has been cloned and 3 distinct galanin recep-
tors (GAL 1, GAL 2, GAL 3) in rats and humans have been
identified5. Galanin has wide physiological effects on the
modulation of pituitary hormone secretion and the release of
neurotransmitters. It also modulates appetite and sexual
behavior and has effects on nociception, immunoregulation,

and gastrointestinal motion, as well as cardiovascular
actions6-8.

In the spinal cord, galanin is localized in 2 areas: the
dorsal horn and around the central canal9. It exerts a tonic
inhibitory control on spinal excitability10 and potentiates the
anti-nociceptive effect of morphine11. Exogenously admin-
istered galanin inhibits spinal nociceptive transmission12,13.
Galanin immunoreactivity has been observed at the light
microscopic level in nerve fibers and joint tissues14. Pre-
progalanin mRNA expression has been detected in bone and
anlage of rat embryos15. In rat knees, galanin can diminish
plasma extravasation induced by capsaicin (a C-fiber exci-
totoxin)16. In the joints of rats, galanin affects the sensory
ending and decreases mechanosensitivity17. An anti-noci-
ceptive action of galanin has been proposed18. A peripheral
effect of galanin on inflammation was observed by Ji, et al
in 199519. Galanin is present in macrophages and appears to
be involved in the inflammatory response19. It is synthesized
by immunocytes/macrophages of the inflamed joint and
may play a protective role during inflammation19. Further,
inflammation in the periphery seems to be related to neurons
in the dorsal horn9. Inflammation can alter the release of
galanin from the peripheral terminals of cutaneous afferents
as well as in the dorsal horn and influence the synthesis of
galanin19,20. Galanin concentration decreased significantly
on Day 5 and Day 13 in layers I and II of the spinal cord in
a study of rats with adjuvant arthritis21. In chronic inflam-
mation, upregulation of galanin mRNA and galanin
immunoreactivity in dorsal root ganglia (DRG) were
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ABSTRACT. Objective. To study the concentration changes of galanin in the ankles and spinal cord and to detect
the distribution of galanin in different tissues in arthritic rats.
Methods. Adjuvant arthritis was induced by intradermal injection of Mycobacterium butyricum in
Freund’s incomplete adjuvant at the base of the tail. The concentrations of galanin were measured
by radioimmunoassay (RIA) and the distributions of galanin were detected by immunoelectron
microscopy (iEM).
Results. Measurements were taken on Day 28 after injection. RIA results showed that the concen-
tration of galanin was significantly lower in the ankles and spinal cords of rats with adjuvant arthritis
compared to controls. Our iEM results showed a heterogeneous distribution of galanin labelling in
different cells and tissue compartments. In arthritic rats, we observed decreased galanin labelling in
the sciatic nerve and in macrophage-like cells in the synovial membrane and increased labelling in
monocyte lineage cells, polymorphonucleated lineage cells in the bone marrow, fibroblasts in the
periosteum, osteoclasts and osteocytes, and lower labelling in osteoblasts compared to controls.
Conclusion. Galanin is involved in the response to inflammation in adjuvant arthritis and might
play a role in the regulation of inflammation and nociception. These findings are in accordance with
a biological role of galanin in the development of inflammatory arthritis. (J Rheumatol
2004;31:302–7)
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observed on Day 21 and Day 79 in rats with adjuvant
arthritis3.

We investigated the distribution of galanin in different
cells and compartments in bone and joint tissue of controls
and rats with arthritis using immunoelectron microscopy
(iEM). We also measured the concentration of galanin by
radioimmunoassay (RIA) in ankles and spinal cords of rats
with AA as well as controls.

MATERIALS AND METHODS 
The study included 24 female Lewis rats weighing 160–180 g. The animals
were given water and pelleted food ad libitum. They were housed 4/cage at
21°C and on a 12 h light/dark cycle. The local ethical committee approved
the experiment.

Animals with AA. Nine Lewis rats were given intradermal injections of a
suspension (100 µl) of heat-killed Mycobacterium butyricum in Freund’s
incomplete adjuvant (FIA) 10 mg/ml into the base of the tail22. Nine control
animals received 100 µl of FIA via the same route. The rats were anes-
thetized and sacrificed after 28 days.

Immunoelectron microscopy (iEM). Three control and 3 arthritic rats were
studied using iEM. They were anesthetized by intraperitoneal injection
(0.5 ml/100 g) of fentanyl-fluanisone (Hypnorm®, Janssen
Pharmaceutica, Beerse, Belgium) and sodium pentobarbital (6 mg/100 g)
and perfused intra-arterially with 3% paraformaldehyde, 0.1% glutaralde-
hyde in 0.1 M phosphate buffer, pH 7.4. The tibiae, knee joints, and
sciatic nerve23 were cut into small pieces and stored in the same fixative
at +4°C. The bone tissue was demineralized in a 4% EDTA solution at pH
7.3 for 3 weeks and then placed in fixative. The specimens were infil-
trated with 2.3 M sucrose, frozen in liquid nitrogen, and stored.
Sectioning was performed according to Tokuyasu24. Immunolabelling
was performed as described25. Briefly, grids were blocked for unspecific
binding by incubation in 10% bovine serum albumin (Sigma, fraction V)
and 10% gelatin in 0.1 M phosphate buffer. They were incubated with a
polyclonal antibody directed against galanin (Peninsula Laboratories
Europe Ltd., St. Helens, UK) diluted 1:500. The final dilution was deter-
mined in a pilot study using the sciatic nerve. To test the specificity of the
labelling, one preabsorption of the antibody with galanin was performed
on the sciatic nerve26. Normal rabbit serum diluted 1:1000 was used as a
negative control. Bound antibodies were detected with protein A coated
with 10 nm gold (Amersham Biosciences Europe, Germany). After
washing, the sections were fixed in 2% glutaraldehyde, contrasted with
0.1% uranyl acetate, embedded in 2% methylcellulose, and examined in
a calibrated Leo 906 (Zeiss, Oberkochen, Germany) at 80 kV. Pictures
were taken randomly in the different compartments and gold particles
were counted on prints (final magnification ×64,000). The areas in the
prints were measured using a semiautomatic interactive image analyzer
(Videoplan, Zeiss). The number of gold particles was then divided with
the corresponding area and expressed as number of gold particles/µm2. A
pilot study was performed to determine the number of micrographs
required for an appropriate sample using cumulative mean plots for eval-
uation27,28.

Radioimmunoassay (RIA). The ankle joints and the spinal cord were also
collected. All tissues were immediately frozen on dry ice and stored at
–70°C. For extraction, the tissues were boiled for 10 min in 10 volumes of
2 M acetic acid in 4% EDTA, homogenized with a polytron (1 min), soni-
cated (30 s), boiled again for 10 min, and then centrifuged at 3000 g for 15
min30. The supernatants were lyophilized and kept at –20°C until analysis.
RIA analysis was performed using a galanin kit (Peninsula Laboratories) as
described by the manufacturer.

Statistics. Student’s t test was used to compare the 2 groups. Significance
was set at p < 0.05.

RESULTS
In the adjuvant arthritis group, injections with M. butyricum
caused signs of inflammation starting between Days 12 and
15 in the ankle joints. There was symmetrical hind paw
swelling, increased warmth, and redness, which persisted
until the end of the experiment.

Immunoelectron microscopy showed specific galanin
labelling within the bone and joint tissues of control and
arthritis groups (Table 1). In the rats with AA, we observed
decreased galanin labelling in the sciatic nerve and in
macrophage-like cells, endothelial cells, and myelinated
nerve in the synovial membrane, and increased labelling in
the monocyte lineage cells, polymorphonucleated lineage
cells in the bone marrow, fibroblasts in the periosteum,
osteoclasts and osteocytes, and lower labelling in
osteoblasts compared to the controls (Figure 1). Only negli-
gible and homogeneously distributed labelling was found in
control sections incubated with normal rabbit serum, indi-
cating unspecific binding (Figure 1b, Table 1).
Preabsorption with 20 nmol/ml galanin reduced the
labelling concentration in the sciatic nerve significantly,
down to the background level of normal rabbit serum (data
not shown).

Tissues extracted from the ankles and spinal cords from
both groups were analyzed for their content of galanin by
RIA. Measurable concentrations (pg/mg/ml tissue weight)
of galanin were consistently obtained in all tissue extracts
(Figure 2). The concentration of galanin was significantly

Table 1. Concentration of galanin immunoreactivity in the control and AA
groups in bone and joint tissue. The sciatic nerve is used as a positive
control, and normal rabbit serum (NRS) as a negative control. The data are
expressed as gold particles/µm2 (mean ± SEM). Incubation of NRS was
performed in the control group.

Type Control Arthritis NRS

Positive control
Sciatic nerve 5.0 ± 0.5 3.2 ± 0.3** 0.6 ± 0.1

Bone marrow
Monocytes 1.9 ± 0.1 2.8 ± 0.3** 0.4 ± < 0.1
Polymorphonucleated cells 1.9 ± < 0.1 2.4 ± 0.2* 0.5 ± < 0.1

Bone
Bone matrix 0.9 ± < 0.1 0.9 ± 0.1 0.3 ± < 0.1
Osteocytes 2.4 ± 0.2 3.5 ± 0.3** 0.5 ± 0.2
Osteoclasts 2.5 ± 0.1 3.5 ± 0.3* 0.3 ± 0.1
Osteoblasts 2.2 ± 0.1 1.8 ± < 0.1* 0.6 ± < 0.1

Periosteum
Fibroblasts 5.4 ± 0.1 8.4 ± 1.1* 1.2 ± 0.2
Myelinated nerve 14.0 ± 0.9 9.2 ± 0.6** 1.2 ± 0.2
Endothelial cells 7.2 ± 0.8 4.1 ± 0.3* 0.7 ± < 0.1
Extracellular matrix 1.0 ± 0.1 1.5 ± 0.3 0.4 ± 0.1

Synovial membrane
Macrophage-like cells 6.0 ± 0.4 4.4 ± 0.3** 1.3 ± 0.2
Myelinated nerve 15.3 ± 1.4 7.6 ± 1.0*** 1.2 ± 0.1
Endothelial cells 7.1 ± 0.4 4.4 ± 0.3*** 1.7 ± 0.2

* p < 0.05; ** p < 0.01; *** p < 0.001.
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Figure 1.
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lower in the ankle joints and spinal cords of rats with AA
compared to controls.

DISCUSSION
RIA is a sensitive and reliable method to study neuropep-
tides30. Galanin has previously been detected by RIA in the
murine gastrointestinal tract31 and by high pressure liquid
chromatography in the joint tissues of the rat14. In our study,
the same commercial kit (Peninsula Laboratories) for RIA
was used. iEM can give detailed information about distribu-
tion in different cells. Using iEM, we quantified the
labelling in different cell types. Our iEM data are in line
with results using RIA.

In chronic AA, the joint is affected by chronic inflamma-
tion of the synovial membrane and progressive destruction
of articular tissue. Previous studies have shown that, in the
late stage of AA in rats, arthritic bone specimens contained
degenerated nerve terminals and axons accompanying the
bone destruction32. The induction of an inflammatory
response in the synovial membrane can affect the release of
neuropeptides from nerve terminals33 and is capable of
causing depletion of the number of sensory nerve fibers34. In
our study, lower labelling of galanin by iEM was found in
endothelial cells and in macrophage-like cells in the
synovial membrane as well as in nerve fibers of arthritic

tissues compared to controls (Table 1), which supports this
finding. Further, the lower concentration of galanin was
confirmed by the RIA results (Figure 2).

Galanin synthesized in primary sensory neurons is
released through the “axon reflex” from small-diameter
fibers not only in the spinal cord, but also in peripheral
tissues near blood vessels, and may act as a neurogenic
mediator in inflammation21. A report on the immunoregula-
tory properties of galanin in rats showed that galanin mRNA
was expressed in immunocytes/macrophages in the
epidermis of normal skin as well as in the skin of the
inflamed joint19. The presence of galanin detected by iEM in
monocytes in bone marrow in our study confirms the
finding by Ji, et al19. A recent report also suggests that
galanin and galanin agonists could be involved in regulation
of proliferative activity of different cell types during devel-
opment of thymocytes of immature rats. It would be
possible for galanin to regulate the immune cell as well in
arthritis. We speculate that galanin localized in the bone
marrow might play a role in the regulation of inflammation,
involving an inhibitory effect. It is also well known that
substance P (SP) can induce inflammation. SP and galanin
are colocalized in the primary sensory neurons of the DRG,
and the release of SP could be inhibited by galanin35. The
low concentration of galanin we found in this study in the
arthritis group could be caused by an inflammatory reaction
and be related to pain. Decreased release of galanin from the
nerves in the arthritic ankles has been noted before and
might be the result of a depletion of galanin from the spinal
cord20,34.

The labelling of galanin in monocytes and polymor-
phonuclear cells of arthritic rats was somewhat higher
compared to the controls as detected by iEM. In contrast, the
concentration in the ankles of arthritic rats by RIA was
much lower than that in controls. Our interpretation is that
the main sources of galanin in the ankle are the nerve fibers
and not the bone marrow. This is also supported by the high
labelling of galanin found in the sciatic nerves, the nerves in
the periosteum, and the nerves in the synovial membrane in
controls compared to the lower labelling concentration
found in arthritic rats.

Negligible labelling was found in bone matrix repre-
senting type I collagen. Low labelling was also observed in
osteoblasts, osteoclasts, and osteocytes (Table 1). However,
increased labelling concentration of galanin was found in
osteoclasts and osteocytes in arthritic animals. This might be
a consequence of an activation of osteoclasts and osteocytes.
Cytokines released during inflammation, such as interleukin
1 and 6, are potent activators of osteoclast cells. This
enhances bone resorption36 and probably increases the
labelling concentration of galanin in the cytoplasm.
Osteocytes are resting cells but have resorptive functions37.

iEM has revealed for the first time labelling of galanin in
the periosteum. The high labelling in endothelial cells in

Figure 1. Immunoelectron microscopy shows specific galanin labelling
within the bone and joint tissues of the control and arthritis groups. A.
Myelinated nerve fiber in the synovial membrane in the control group
showing high labelling of galanin. B. Myelinated nerve fiber in synovial
membrane in arthritis group showing negligible labelling for normal
rabbit serum. C. Moderate labelling was found in macrophage-like cells in
the synovial membranes of the control group compared to (D) lower
labelling of galanin in macrophage-like cells in the synovial membrane
from the arthritis group. E. Moderate labelling was found in fibroblasts
from the periosteum of the control group compared to (F) higher labelling
in fibroblasts from the periosteum of the arthritis group. G. Low labelling
was found in the osteoclasts in bone from the control group compared to
(H) higher labelling in osteoclasts in bone from the arthritis group. N:
nucleus; M: myelin; bar = 1 µm.

Figure 2. Galanin levels measured by RIA in ankles and spinal cord of the
AA and control groups. Histograms represent mean ± SD (n = 8). *p < 0.05;
**p < 0.01.
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controls compared to the decreased level in endothelial cells
and myelinated nerve fibers of arthritic rats might be related
to pain and vasodilatation38. The high labelling in fibroblasts
might be related to increased bone turnover involving the
periosteum. Further studies are needed to investigate the
exact effect of galanin on fibroblasts in the periosteum.

In the synovial membrane, high labelling by iEM was
observed in nerve fibers as well as in the synovial cells. The
high level of endopeptidase in the synovial membrane
and/or the destruction of synovial nerve fibers in the
arthritic rat may contribute to the lower labelling of galanin
in the nerve fibers and synovial cells of the membrane34,39.

Many neuropeptides and their receptors are involved in
the spinal processing of nociceptive information from the
normal joint and are involved in the maintenance of hyper-
excitability during inflammation40. Galanin, together with
somatostatin, has been shown to be inhibitory and to control
spinal hyperexcitability.

In our study, the concentration of galanin detected by
RIA in spinal cords of arthritic rats was found to be low
compared with controls, which is in agreement with results
showing that galanin is downregulated in primary afferents
following inflammation19. The source of the endogenous
galanin in the spinal cord during inflammation is probably
spinal interneurons9. Galanin can inhibit the effect of exci-
tatory neuropeptides in central terminals of small-diameter
afferents that subserve a nociceptive function18. In the dorsal
horn, galanin is known to be colocalized with gamma-
aminobutyric acid (GABA), enkephalin, neuropeptide Y,
substance P, and calcitonin gene-related peptide (CGRP)41,42

and is distributed in the local dorsal horn neurons and dense
fiber networks in laminae I and II, where many fibers and
terminals originate from primary afferents associated with
nociception43.

The mechanisms by which peptide synthesis in the spinal
cord is regulated during inflammation are not precisely
known. Different factors might affect the synthesis of the
same neuropeptides at different stages of inflammation44.
One possibility might be that the level of galanin is adap-
tively downregulated and subsequently leads to reduced
inhibitory influences on the excitatory input from
noxious/non-noxious stimulation that is transferred to the
higher level in brain. The excitatory input neuropeptide
could be SP or CGRP that has been upregulated in the dorsal
horn in AA45.

Pain due to inflammation is one of the factors affecting
the changes of galanin in the spinal cord. Our results support
the finding of Jensen, et al in their study of effects of GABA
on pain46. GABA and somatostatin together with galanin are
known to be inhibitory neurotransmitters and could be
proposed as part of the inhibitory system, in contrast to the
excitatory system in the dorsal horn, which may consist of
SP and CGRP.

In summary, galanin concentrations are changed in the

ankle and spinal cord in AA in rats. Galanin of neuronal
origin is probably more important than non-neuronal
galanin, but both may be involved in the response to inflam-
mation and both probably play roles in the regulation of
inflammation and algesia in AA.

ACKNOWLEDGMENT
Ingrid Lindell and Gaby Åström are acknowledged for their skillful tech-
nical assistance.

REFERENCES
1. Gordon DA, Hastings DE. Rheumatoid arthritis: Clinical features of

early, progressive and late disease. In: Klippel JH, Dieppe PA,
editors. Rheumatology. 2nd ed. London: Mosby; 1998:3.1-3.14.

2. Kidd BL, Mapp PI, Gibson SJ, et al. A neurogenic mechanism for
symmetrical arthritis. Lancet 1989;11:1128-33.

3. Calza L, Pozza M, Arletti R, Manzini E, Hokfelt T. Long-lasting
regulation of galanin, opioid, and other peptides in dorsal root
ganglia and spinal cord during experimental polyarthritis. Exp
Neurol 2000;164:333-43.

4. Tatemoto K, Rokaeus A, Jornvall H, McDonald TJ, Mutt V. Galanin
— a novel biologically active peptide from porcine intestine. FEBS
Lett 1983;164:124-8.

5. Branchek TA, Smith KE, Gerald C, Walker MW. Galanin receptor
subtypes. Trends Pharmacol Sci 2000;21:109-17.

6. Zhang X, Xu ZO, Shi TJ, et al. Regulation of expression of galanin
and galanin receptors in dorsal root ganglia and spinal cord after
axotomy and inflammation. Ann NY Acad Sci 1998;21:402-13.

7. Bedecs K, Berthold M, Bartfai T. Galanin — 10 years with a
neuroendocrine peptide. Int J Biochem Cell Biol 1995;27:337-49.

8. Yanaihara N, Mochizuk T, Kuwahara A, et al. Endocrine and
gastrointestinal action of galanin. Ann NY Acad Sci 
1998;21:129-42.

9. Wiesenfeld-Hallin Z, Xu XJ. Galanin in somatosensory function.
Ann NY Acad Sci 1998;21:383-9.

10. Xu XJ, Wiesenfeld-Hallin Z, Hokfelt T. Intrathecal galanin blocks
the prolonged increase in spinal cord flexor reflex excitability
induced by conditioning stimulation of unmyelinated muscle 
afferents in the rat. Brain Res 1991;541:350-3.

11. Wiesenfeld-Hallin Z, Xu XJ, Villar MJ, Hokfelt T. Intrathecal
galanin potentiates the spinal analgesic effect of morphine: 
electrophysiological and behavioural studies. Neurosci Lett
1990;109:217-21.

12. Xu XJ, Hokfelt T, Bartfai T, Wiesenfeld-Hallin Z. Galanin and
spinal nociceptive mechanisms: recent advances and therapeutic
implications. Neuropeptides 2000;34:137-47.

13. Xu XJ, Wiesenfeld-Hallin Z, Villar MJ, Hokfelt T. Intrathecal
galanin antagonizes the facilitatory effect of substance P on the
nociceptive flexor reflex in the rat. Acta Physiol Scand
1989;137:463-4.

14. Ackermann PW, Finn A, Ahmed M. Sensory neuropeptidergic
pattern in tendon, ligament and joint capsule. A study in the rat.
Neuroreport 1999;13:2055-60.

15. Xu ZQ, Shi TJ, Hokfelt T. Expression of galanin and a galanin
receptor in several sensory systems and bone anlage of rat embryos.
Proc Natl Acad Sci USA 1996;93:14901-5.

16. Green PG, Basbaum AI, Levine JD. Sensory neuropeptide 
interactions in the production of plasma extravasation in the rat.
Neuroscience 1992;50:745-9.

17. Heppelmann B, Just S, Pawlak M. Galanin influences the
mechanosensitivity of sensory endings in the rat knee joint. Eur 
J Neurosci 2000;12:1567-72.

18. Wiesenfeld-Hallin Z, Bartfai T, Hokfelt T. Galanin in sensory

The Journal of Rheumatology 2004; 31:2306

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2004. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


Pe
rs

on
al

, n
on

-c
om

m
er

ci
al

 u
se

 o
nl

y.
 T

he
 J

ou
rn

al
 o

f R
he

um
at

ol
og

y.
 C

op
yr

ig
ht

 ©
 2

00
4.

 A
ll 

rig
ht

s 
re

se
rv

ed
.

neurons in spinal cord. Front Neuroendocrinol 1992;13:319-43.
19. Ji RR, Zhang X, Zhang Q, et al. Central and peripheral expression

of galanin in response to inflammation. Neuroscience 
1995;68:563-76.

20. Hope PJ, Lang CW, Grubb BD, Duggan AW. Release of 
immunoreactive galanin in the spinal cord of rats with ankle
inflammation: studies with antibody microprobes. Neuroscience
1994;60:801-7.

21. Calza L, Pozza M, Zanni M, Manzini CU, Manzini E, Hokfelt T.
Peptide plasticity in primary sensory neurons and spinal cord
during adjuvant-induced arthritis in the rat: an 
immunocytochemical and in situ hybridization study. Neuroscience
1998;82:575-89.

22. Pearson CM, Wood FD. Study of polyarthritis and other lesions
induced in rats by injection of mycobacterial adjuvant. I. General
clinic and pathologic characteristics and some modifying factors.
Arthritis Rheum 1959;2:440-95.

23. Hokfelt T, Wiesenfeld-Hallin Z, Villar M, Melander T. Increase of
galanin-like immunoreactivity in rat dorsal root ganglion cells after
peripheral axotomy. Neurosci Lett 1987;29:217-20.

24. Tokuyasu KT. A technique for ultracryotomy of cell suspensions
and tissues. J Cell Biol 1973;57:551-65.

25. Qinyang W, Lindgren J, Elhassan A, Hultenby K. Distribution of
leucine-enkephalin in bone and joint tissues. Neuropeptides
2002;36:281-6.

26. Van Noorden S. Immunocytochemistry: modern methods and
applications. In: Polak JM, Van Noorden S, editors. Introduction 
to immunocytochemistry. Oxford: Oxford University Press;
1987:26-53.

27. Weibel ER. Stereological methods: Practical methods for biological
morphometry. Vol 1. London: Academic; 1979:91-100. 

28. Reinholt FP, Hultenby K, Oldberg A, Heinegard D. Osteopontin —
a possible anchor of osteoclasts to bone. Proc Natl Acad Sci USA
1990;87:4473-5.

29. Elhassan AM, Lindgren JU, Hultenby K, Bergstrom J, Adem A.
Methionine-enkephalin in bone and joint tissues. J Bone Miner Res
1998;13:88-95.

30. Ahmed M, Bjurholm A, Srinivasan GR, Theodorsson E, Kreicbergs
A. Extraction of neuropeptides from joint tissue for quantitation by
radioimmunoassay: A study in the rat. Peptides 1994;15:317-22.

31. El-Salhy M, Sandstrom O. How age changes the content of
neuroendocrine peptides in the murine gastrointestinal tract.
Gerontology 1999;45:17-22.

32. Imai S, Rauvala H, Knottinen YT, et al. Efferent targets of osseous
CGRP-immunoreactive nerve fibers before and after bone 
destruction in adjuvant arthritic rat: An ultramorphological study on
their terminal-target relations. J Bone Miner Res 1997;12:1018-27.

33. Imai S, Tokunaga Y, Knottinen YT, Maeda T, Hukuda S, Santavirta
S. Ultrastructure of the synovial sensory peptidergic fibres is
distinctly altered in different phases of adjuvant induced arthritis:
Ultramorphological characterization combined with morphometric
and immunohistochemical study for substance P, calcitonin 
gene-related peptide, and protein gene product 9.5. J Rheumatol
1997;24:2177-87.

34. Mapp PI, Walsh DA, Garrett NE, et al. Effect of three models of
inflammation on nerve fibres in the synovium. Ann Rheum Dis
1994;53:240-6.

35. Zhang X, Nicholas AP, Hokfelt T. Ultrastructural studies on
peptides in the dorsal horn of the spinal cord. I. Co-existence of
galanin with other peptides in primary afferents in normal rats.
Neuroscience 1993;57:365-84.

36. Linkhart TA, Linkhart SG, MacCharles DC, Long DL, Strong DD.
Interleukin-6 messenger RNA expression and interleukin-6 protein
secretion in cells isolated from normal human bone, regulation by
interleukin-1. J Bone Miner Res 1991;6:1285-94.

37. Jande SS. Fine structural study of osteocytes and their surrounding
bone matrix with respect to their age in young chicks. J Ultrastruct
Res 1971;37:279-300. 

38. Harfstrand A, Fuxe K, Melander T, Hokfelt T, Agnati LF. Evidence
for a cardiovascular role of central galanin neurons: focus on 
interactions with alpha 2-adrenergic and neuropeptide Y
mechanisms. J Cardiovasc Pharmacol 1987;10 Suppl 12:S199-204.

39. Sreedharan SP, Goetzl EJ, Malfroy B. Elevated synovial tissue
concentration of the common acute lymphoblastic leukaemia
antigen (CALLA)-associated neutral endopeptidase (3.4.24.11) in
human chronic arthritis. Immunology 1990;71:142-4.

40. Neugebauer V, Rumenapp P, Schaible HG. The role of spinal
neurokinin-2 receptors in the processing of nociceptive information
from the joint and in the generation and maintenance of 
inflammation-evoked hyperexcitability of dorsal horn neurons in
the rat. Eur J Neurosci 1996;8:249-60.

41. Zhang X, Nicholas AP, Hokfelt T. Ultrastructural studies on
peptides in the dorsal horn of the rat spinal cord. I. Coexistence of
galanin with other peptides in local neurons. Neuroscience
1995;64:875-91.

42. Tuchscherer MM, Seybold VS. A quantitative study of the 
coexistence of peptides in varicosities within the superficial
laminae of the dorsal horn of the rat spinal cord. J Neurosci
1989;9:195-205.

43. Melander T, Hokfelt T, Rokaeus A. Distribution of galanin-like
immunoreactivity in the rat central nervous system. J Comp Neurol
1986;248:475-517.

44. Hanesch U, Blecher F, Stiller RU, Emson PC, Schaible H-G,
Heppelmann B. The effect of a unilateral inflammation at the rat’s
ankle joint on the expression of preprotachykinin-A mRNA and
preprosomatostatin mRNA in dorsal root ganglion cells — a study
using non-radioactive in situ hybridisation. Brain Res
1995;700:279-84.

45. Noguchi K, Ruda MA. Gene regulation in an ascending nociceptive
pathway: inflammation-induced increase in preprotachykinin
mRNA in rat lamina I spinal neurons. J Neurosci 1992;12:2563-72.

46. Jensen TS, Turner JA, Wiesenfeld-Hallin Z. Decreased GABA
immunoreactivity in rat dorsal horn is correlated with pain
behavior: a light and electron microscopy study. In: Jensen TS,
Turner JA, Wiesenfeld-Hallin Z, editors. Proceedings of the 8th
World Congress on Pain. August 17-22, 1996, Vancouver, Canada.
Seattle: IASP Press; 1997:547-60.

Qinyang, et al: Galanin in arthritis 307

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2004. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/

