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Distribution of neuropeptide-immunoreactive cells of calcitonin
gene-related peptide and substance P in the lumbar dorsal root
ganglia of WKY rat
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Abstract : Dorsal root ganglion (DRG) cells are primary sensory neurons which contain
some biologically active neuropeptides which play a role as neurotransmitters or neuromodulators.
This study was performed to observe normal distribution of calcitonin gene-related peptide
(CGRP) and substance P (SP) immunoreactive cells and colocalization of CGRP and SP in a
single DRG cell of the lumbar DRGs(L,~L¢) in the Wistar Kyoto (WKY) rat by immuno-
histochemistry.

About 55.8% of DRG cells contained CGRP-immunoreactivity, while about 12.7% of DRG
cells showed SP-immunoreactivity. There was no significant difference in percentage of each
neuropeptied-immunoreactive cells between each neuropeptide-immunoreactive cells between
each levels of DRGs (L;~Lg) (p ? 0.01) . In size distribution, CGRP-immunoreactive cells were
identified below 1,500pm?* SP-immunoreactive cells below 600pm’. In serial sections, about 86.

7% of the SP immunoreactive cells contained CGRP immunoreactivity.

Key words : calcitonin gene-related peptide (CGRP), substance P (SP), colocalization,
immunohistochemistry, lumbar dorsal root ganglion(DRG).
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Fig 1. Distribution of CGRP immunoreactive cells in DRG L~
Ls of WKY rat. There is no significant difference between lev-
els for CGRP immunoreactive cells(p ) 0.01).

58.4+6.1%, 57.2+7.0%, 48.2+8.0%, 60.5+11.8%= }E}
Wi, 9&M= 48.6+6.7%, 54.4+8.9%, 58.2+4.0%,
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27+ A} THp ) 0.01), (Fig 1).
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Fig 2. Size distribution of CGRP (black bar) immunoreactive
cells in the total(open bar) DRG cells of WKY rat.
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SP Bt A ¥e A7)0 & BEEE 600um” °] 3
9 e AXgA F2 BFHUH 53 100~200pm*
Atold A 60.9% 2 E& BE¥ &L Eh iiﬂ(Flg 4).

CGRPS} SP oietEMZel BE : SP ZAd WYy
84 B HEESF oF 86.7%] Sﬂ%z‘s}% AXE

FY MEW CGRPE FH3t1 YA oJ& AZE

- 721 -



(%)

100
%0 WOCRP-right EISP-right
80 OCGRP4en WSPdent

Lumbar levels

Fig 3. Distribution of CGRP and SP immunoreactive cells in
DRG Li~Ls of WKY rat. There is no significant difference
between levels for CGRP and SP immunoreactive cells(p ) 0.
01).
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Fig 4. Size distribution of CGRP (black bar) and SP (opne bar)
immunoreactive cells in the total DRG cells of WKY rat.
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Legends for figures

Fig 5. Calcitonin gene-related peptide immunoreactive cells in the lumbar dorsal root ganglion of the WKY rat. Various sized cells
which are distributed throughout the ganglion show strong immunoreactivity in the cytoplasm or granular immunoreactivity.

Scale bar=50pm

Fig 6. Substance P immunoreactive ganglion cells in the lumbar dorsal root ganglion of the WKY rat. High power of Substance P im-

munoreactive cells are small and medium size, Scale bar=50pm

Fig 7. Colocalization of calcitonine gene-related peptide and substance P in dorsal root ganglion cells (arrow). (2) : Some cells
(arrowheads) does not show the substance P immunoreactivity. (b) : A cell(open arrow) does not show the calcitonin gene-re-

lated peptide immunoreactivity. Scale bar=50pm

- 723 -



- 724 -



10.

. Carpenter MM. Core Text of Neuroanatomy , Williams

& Wilkins, Baltimore, 57-82, 1991.

. Sann H, Rossler W, Hammer K, et a/. Substance P

and calcitonin-gene related peptide in the ureter of
chicken and guinea-pig: Distribution binding sites and
possible functions. Neuroscience , 49:699-713, 1992.

. Cuello AC, Del Flacco M, Paxinos G, ef al. The cen-

tral and peripheral ends of the substance P-containing
sensory neurons in the rat trigeminal system. Brain
Res , 152:499-509, 1978.

. Brimijoin S, Lundberg JM, Brodin E, er a/. Axonal

transport of substance P in the vagus and sciatic
nerves of the guinea pig. Brian Res, 191:443-457.
1980.

. Hokfelt T, Johasson O, Ljunhdahl A, et al. Pep-

tidergic neurons. Nature , 284:515-521, 1980.

. Villar MJ, Cortes R, Theodorsson E, et al. Neu-

ropeptide expression in rat dorsal root ganglion cells
and spinal cord after peripheral nerve injury with spe-
cial reference to galanin. Neuroscience, 33:587-604,
1989.

. Ju G, Hokfelt T, Brodin E, et al. Primary sensory neu-

rons of the rat showing calcitonin gene-related peptide
immunoreactivity and their relationto substance P,
somatostatin, galanin, vasoactive intestinal polypeptide
and cholecystokinin immunoreactive ganglion cells.
Cell Tissue Res , 247:417-431, 1987.

. Cameron AA, Leah JD, Snow PJ, et al. The coex-

istence of neuropeptides in feline sensory neurons.
Neuroscience , 27:969-979, 1988,

. Gibbins LL, Fumess JB, Costa M. Pathway-specific

patterns of the coexistence of substance P, calcitonin
gene-related peptide, cholecystokinin and dynorphin
in neurons of the dorsal root ganglion of the guinea-
pig. Cell Tissue Res , 248:417-437, 1987.

Lunam CA, Furness JB. Subpopulations of chick dor-
sal root ganglion neurons based on calcium binding

protein-, neuropeptide Y-enkephalin-and calcitonin

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

- 725 -

gene-related peptide-like immunireactivity (LI), Neu-
rosci Lett Suppl. 30:594, 1988.

Tuchscherer MM, Seybold VS. Immunohistochemical
studies of substance P, cholecystokinin-octapeptide
and somatostatin in dorsal root ganglia of the rat. Neu-
roscience , 14:593-605, 1985.

Noguchi K, Dubner R, De Leon M, et al. Axotomy in-
duces preprotachykinin gene expression in a sub-
population of dorsal root ganglion neurons. J Neu-
rosci Res , 37:596-603, 1994,

Zhang X, Meister B, Elde R, et al. Large calibre pri-
mary afferent neurons projecting to the gracile nucleus
express neuropeptide Y after sciatic nerve lesions: an
immunohistochemical and in situ hybridization study
in rats. Eur J Neurosci , 5:1510-1519, 1993.

Kashida H, Senba E, Ueda Y, er al. Co-localized but
target-unrelated expression of vasoactive intestinal po-
lypeptide and galanin in rat dorsal root ganglion neu-
rons after peripheral nerve crush injury. Brian Res,
582: 47-57, 1992.

Zhang X, Xu ZQ, Bao L, et al. Complementary dis-
tribution of receptors for neurotensin and NPY in
small neurons in rat lJumbar DRGs and regulation of
the receptors and peptides after peripheral axotomy. J
Neurosci , 15:2733-2747, 1995.

Eiden LE, Siegel RE, Girand P, et al. Ontogeny of
enkephalin- and VIP-containing neruons in dissociated
cultures of embryonic mouse spinal cord and dorsal
root ganglia. Dev Brain Res , 44:141-150, 1988.
Weihe E, Hartschuh W, Weber E. Prodynorphin
opioid peptides in small somatosensory primary af-
ferents of guinea pig. Neurosci Lett, 58:347-352.
Ichkawa H, Deguchi T, Nakago T, et al. Parvalbumin,
calrectinin and carbonic anhydrase in the trigeminal
and spinal primary neurons of the rat. Brain Res , 655:
241-245, 1994,

Panula P, Hadjiconstantinou M, Yand HYT, et al. Im-
munohistochemical localization of bombesin/gastrin-
releasing peptide and substance P in primary sensory
neurons. J Neurosci, 3:2021-2029, 1983.

. Honda CN. Differential distribution of calbindin-D28k



21.

22,

23.

24.

25.

26.

27.

28.

and parvalbmin in somatic and visceral sensory
nerons. Neuroscience , 68:883-892, 1995.

Fuxe K, Agnati LF, McDonald T, et al. Im-
munohistochemical indications of gastrin releasing
peptide-bombesin-like immunoreactivity in the ner-
vous system of the rat. Codistribution with substance
P-like immunoreactivity in dorsal root ganglion ceel
bodies. Neurosci Lett , 37:17-22, 1983.

Rosenfeld MG, Mermod JJ. Amara SG, et al. Pro-
duction of a novel neuropeptide encoded by the cal-
citonin gene via tissue-specific RNA processing. Na-
ture, 304:129-135, 1983.

Haegerstraned A, Dalsgaard CJ. Jonzon B, et al. Cal-
citonin gene-related peptide stimulates proliferation of
human endotheolial cells. Pro Natl Acad Sci USA , 87:
3299-3303, 1990.

Hsu SM, Raine L, Fanger H, et al. A comparative
study of the peroxidase-antiperoxidase method and an
avidin-biotin complex method for studying po-
lypeptide hormones with radioimmuassay antibodies.
Am J Clin Pathol, 75:734-738, 1981.

Verge VM, Richardson PM, Benoit R, et al. His-
tochemical characterization of sensory neurons with
high-affinity receptors for nerve growth factor. J Neu-
rocytol , 18:583-591, 1989.

McCarthy PW, Lawson SN. Cell type and conduction
velocity of rat primary sensory neurons with cal-
citonin gene-related peptide like immunoreactivity.
Neuroscience . 34:623-632. 1990.

McCarthy PW, Lawson SN. Cell type and conduction
velocity of rat primary sensory neurons with sub-
stance P-like immunoreactivity. Neuroscience , 28:745-
753. 1989.

Lee Y, Kawai Y, Shiosaka S, et al . Coexistence of cal-

29.

30.

31.

32.

33.

34,

35.

- 726 -

citonin gene-related peptide and substance P-like pep-
tide in single cells of the trigeminal ganglion of the
rat: immunochemical analysis. Brain Research, 330:
194-196, 1985.

Bonfanti L, Bellardi S, Ghidella S, er al. Distributin
of five peptide, three general neuroendocrine markers
and two synaptic-vesicle-associated proteins in the spi-
nal cord and dorsal root ganglia of the adult and
newborn dog: an immunocytochemical study. Am J
Anat, 191:154~166, 1991.

Scott SA. Sensory Neurons: Diversity, Deveolpment
and Plasticity , Oxford Univ. Press. New York:27-59,
1992.

Hanesch U, Heppelmann B, Schmidt RF, ef a/. Soma-
tostatin-like immunoreactivity in primary afferents of
the medial articular nerve and colocalization with sub-
stance P in the cat. J Comp Neurol, 354:345-352.
1995.

Wiesenfeld-Hallin Z, Hokfelt T. Lundberg JM, et al.
Immunoreactive calcitonin gene-related peptide and
substance P coexist in sensory neurons to the spinal
cord and interact n spinal behavioural responses of the
rat. Neurosci Lett , 52:199-204, 1984,

Zhang X, Aman K, Hokfelt T, et al. Secretory path-
ways of neuropeptides in rat lumbar dorsal root gan-
glion neurons and effects of peripheral axotomy. J
Comp Neurol , 352:481-500, 1995.

Kar S, Bretherton WD, Gibson SJ, e al. Novel pep-
tide pancreastatin: its occurence and codistribution
with chromogranin A in the central nervous system of
the pig. J Comp Neurol , 288:627-639, 1989.

Leah ID, Carmeron AA, Kelly WL, et al . Coexistence
of peptide immunoreactivity in sensory neurons of the
cat. Neuroscience , 16:683-690. 1985.



