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ABSTRACT
The distribution of nerve fibers containing either calcitonin gene-related peptide (CGRP) and substance
P (SP) was investigated in rat skin with special reference to their relationship to the lymphatic vessels. These
nerve fibers exhibited a similar distribution pattern but the former were more numerous than the latter. In
the dermis and subcutaneous layers, thin nerve fibers containing CGRP or SP were in abundance, and were
observed running along the blood vessels as well as freely in the tissue. Nerve fibers with these peptides were
often located close to lymphatic capillaries, and innervated lymphatic vessels in the subcutaneous layer,
reaching smooth muscles of the tunica media. These findings suggest that some CGRP and SP may directly
drain into lymphatic vessels when released under noxious stimulation from nerve fibers around the lymphatic
vessels. When discharged from nerve fibers in the vicinity of blood vessels, both peptides may also drain into
the lymphatic vessels after causing blood vascular dilation and an increase in permeability producing edema.
These peptides may then be transported to the draining lymph nodes where they can modulate the functions
of the immune system.
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INTRODUCTION
Calcitonin gene-related peptides (CGRP) and substance P (SP) have widespread distributions
in the body, including a population of primary sensory neurons in the dorsal root ganglia. 1-8)
These peptides, produced in the cell body of the sensory neuron, were transported to the afferent and the efferent in the central nervous tissues. 9 ,1O)
These peptides are released non-synaptically from peripheral sensory axons by noxious
stimulations, and produce various local regulatory effects. IO -12) Neurogenic inflammation in the
skin, including vasodilation,13,14) extravasation of blood plasma and histamine release from mast
cells,IO,15,16) has been extensively studied. A close morphological relationship has been shown between the nerve fibers containing these peptides and blood vascular structures in the skin. I - 3,5-8)
As for other local regulatory effects of these peptides, many experimental studies I7 - 29 ) suggest
that they modulate the function of the immune system, primarily in the lymph nodes. The purpose of the present study is to obtain a morphological basis for the relationship between these
peptide-containing nerve fibers and the lymphatic vascular structures in the skin.
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MATERIALS AND METHODS
Tissue preparation
Seven male Wistar rats 6 weeks old, weighing 170 - 180 g were used. The animals were anesthetized with sodium pentobarbital (40 mg/kg body weight). Skin fragments were excised from
the fore and hind legs, cut into small pieces, and fixed with Zamboni's fixative overnight at 4°C.
The specimens were rapidly frozen in liquid nitrogen and cut into sections 15 [-lm in thickness in
a cryostat.
Immunohistochemistry
Sections were processed with the streptavidin-biotin-peroxidase complex (SAB) method. In
brief, nonspecific endogenous peroxidase staining was reduced with 3% H 2 0 2 in 100% methanol for 15 minutes. The sections were washed in PBS and incubated with normal goat serum
1:10 for 10 minutes, incubated in a 1:7000 dilution anti-CGRP rabbit serum (Affiniti, Co.) or
1:7500 anti-SP rabbbit serum (Affiniti, Co.) overnight at room temperature, and then biotinylated goat-antirabbit IgG (Nichirei, Co.) at a dilution of 1: 100 for 10 minutes followed by
peroxidase-streptoavidin (Nichirei, Co.) at a dilution of 1: 10 for 5 minutes; labeling was visualized with 3,3'-diaminobenzidine' 4HCL in addition to 0.6% H 20 2 as chromogen. Most of
the sections were counterstained with hematoxylin.

RESULTS
Immunoreactive CGRP- or SP-containing nerve fibers in the rat skin were about 1- 3 [-lm
with or without many small varicosities. An abundant distribution of CGRP-containing fibers
was- observed in the skin of the fore and hind legs. SP-containing fibers exhibited a similar but
lower distribution than that of CGRP-containing fibers. No difference was observed in the distribution pattern between the fore and hind legs. Both fibers occurred more frequently toward
the distal, glabrous end portions of the legs. They were observed frequently around sweat glands
and hair follicles, but rarely around sebaceous glands. They were also observed reaching the
stratum spinosum of the epidermis.
In the dermal and subcutaneous layers, the peptide-containing nerve fibers were seen running
close to the blood capillaries (Fig. 1) and venules. They formed a plexus around small arteries
and veins. These nerve fibers ran close to the tunica media of larger blood vessels (Fig. 2). The
nerve fibers were also located on the periphery of lymphatic capillaries in the dermis and subcutaneous layers (Fig. 3). The lymphatic capillaries often ran in the vicinity of blood vessels which
were closely associated with the peptide-containing nerve fibers (Fig. 4). The lymphatic vessels
having valves in the subcutaneous layer was innervated by the fibers containing either of these
peptides in a manner similar to that of the blood vessel wall (Fig. 5). In the dermal layer, there
were many clusters of mast cells, and these peptide-containing nerve fibers occasionally were
distributed among these clusters (Fig. 6).

DISCUSSION
This study demonstrated a close morphological relationship between CGRP- and SP-containing thin nerve fibers and lymphatic vessels in the skin of rats. By heating rat's legs at 47"C, production of both CGRP- and SP-contents increased sharply in the perfused fluid from the local
skin. 16) Jonsson et al. 30) reported an immediate increase of SP-levels in the lymph collected from
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Fig. 1.

Neuropeptide-containing nerve fibers with small varicosities. Arrows indicate CGRP immunopositive terminals in lA, and SP immunopositive terminals in lB. They run close to the blood capillary.
X 1,100

Fig. 2.

Nerve fibers contammg CGRP. Immunopositive fibers (arrows) run within the
tunica media of a small artery.
X 1,100
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Fig. 3.

Neuropeptide-containing nerve fibers in the hind leg just above the paw. CGRP-containing nerves (arrows
in 3A) and SP-containing nerves (arrows in 3B) are present in the area around the lymphatic capillary.
X 1,100

Fig. 4.

A bundle of CGRP-containing nerve fibers. This bundle (arrows) runs between a
lymphatic capillary (I) and a blood capillary (b). Specimen was obtained from the
dorsal aspect of hind limb just above the paw.
X 1,100
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Fig. 5.

A lymphatic vessel with a valve seen in the region just above the paw of the hind limb. 5A: This vessel is
innervated by peptide-containing nerve fibers. 5B and 5C are serial sections. 5C is a higher magnification
of the box in Figure 5A. Notice that these fibers reach the tunica media. (arrows: CGRP in 5B and SP in
5C) 5A: X 450 5B, 5C: X 1,100

a lymphatic vessel of the leg after a paw scalding injury in dogs. These studies indicate that
CGRP and SP are released from the nerve fibers nonsynaptically by noxious stimulations to the
skin, and are rapidly drained into lymphatic vessels. Both peptides, if released from the nerve
fibers located close to the lymphatic vessels, may be drained directly into neighboring lymphatic
vessels.
The effects of CGRP and SP on the blood vessels have been well documented. CGRP induces vasodilation to increase blood flOW,I3,14) and SP causes an increase in the permeability of
blood vessels. 15 ,16) Both peptides thus cooperate to produce edema. The close relationship of
these peptide-containing nerve fibers to the blood vascular structures of the skin provides a morphological basis for these reactions. The edema increases at the lymph flow, and both peptides
may also be drained into the lymphatic vessels after they stimulated blood vessels. Then they
reach the lymph nodes.
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Fig. 6.

A cluster of mast cells situated in the area close to a CGRP-containing nerve fiber
bundle. CGRP released from nerves (arrows) may stimulate these mast cells (m).
X 750

SP stimulates production of IL_2 27 ,29) and the proliferation3!,32) and differentiation 2!,22) of
lymphocytes, thereby increasing production of antibodies in B cells.!8,!9) NK cells are selectively
activated,25) and macrophages are also activated!7) by SP. On the other hand, CGRP has been
found to inhibit T cell proliferation20 ,26) and B cell differentiation,28) and to depress NK activity24) as well as the function of macrophages. 23 ) It also inhibits the antigen-presenting function of
Langerhans cells. 33 ) Thus CGRP and SP are antagonistic in their effects on immune system
function.
All of the reports mentioned here suggest that CGRP and SP released from peptide containing fibers under noxious stimulation of the skin can modulate immunological function through
their antagonistic effects on the immune system in the lymph nodes. It seems quite possible that
noxious stimulation by acupuncture and moxibustion (therapeutic scalding) could serve to
modulate the function of the immune system through a similar mechanism.
CGRP has been demonstrated to co-exist with SP in the sensory neurons of many species,
while some neurons contain CGRP without SP. 2-4) Although double staining of both peptides
was not carried out in the present study, the similar distribution pattern of both peptides and the
more frequent occurrence of CGRP-containing fibers than SP-containing fibers observed in the
present study seem to agree with the results of previous studies.
CGRP- and SP-containing nerve fibers have been demonstrated to associate closely with the
lymphatic capillaries in the rat liver,34) and in the central lacteal lyrnphatics of the small intestines of monkeys.35) A baroreceptive function such as lymphatic luminal pressure has been suggested in these fibers. 34,35) We suggest that in addition to the proposed baroreceptor function the
nerve fibers secrete their neuropeptides into lymphatic vessels under noxious stimulation and
modulate immunological function in the visceral organs and the skin.

149
LYMPHATICS AND PEPTIDE CONTAINING FIBERS

ACKNOWLEDGMENTS
The authors wish to thank Prof. Shigeru Kobayashi and Dr. Satoshi lino, Department of
Anatomy, Nagoya University School of Medicine, for their guidance on correct use of immunohistochemical techniques.

REFERENCES
1)
2)

3)
4)

Dalsgaard, c.-1., Jonsson, C.-E., Hiikfelt, T. and Cuello, A.C.: Localization of substance P-immunoreactive
nerve fibers in the human digital skin. Experientia, 39, 1018-1020 (1983).
Gibbins, 1.L., Furness, J.B., Costa, M., Macintyre, 1., Hillyard, C.J. and Girgis, S.: Co-localization of calcitonin gene-related peptide-like immunoreactivity with substance P in cutaneous, vascular and visceral sensory
neurons of guinea pigs. Neurosci. Lett., 57, 125-130 (1985).
Gibbins, 1.L., Wattchow, D. and Coventry, 8.: Two immunohistochemically identified populations of calcitonin gene-related peptide(CGRP)-immunoreactive axons in human skin. Brain Res., 414,143-148 (1987).
Goehler, L.E., Sternini, C. and Brecha N.C.: Calcitonin gene-related peptid immunoreactivity in the biliary
pathway and liver of the guinea-pig: distribution and colocalization with substance P. Cell Tissue Res., 253,

145-150 (1988).
5)

6)
7)

8)

9)
10)
11)
12)
13)

14)

15)
16)

17)

18)

19)
20)
21)

Isida-Yamamoto, A., Senba, E. and Tohyama, M.: Calcitonin gene-related peptide- and substance P-immunoreactive nerve fibers in Meissner's corpuscles of rats: an immunohistochemical analysis. Brain Res., 453,

362-366 (1988).
Ishida-Yamamoto, A, Senba, E. and Tohyama, M.: Distribution and fine structure of calcitonin gene-related
peptide-like immunoreactive nerve fibers in the rat skin. Brain Res., 491, 93-101 (1989).
Kruger, L., Silverman, J.D., Mantyh, P.W., Sternini, C. and Brecha, N.C.: Peripheral patterns of calcitoningene-related peptide general somatic sensory innervation: cutaneous and deep terminations. J. Camp. Neural., 280, 291-302 (1989).
Hukkanen, M., Konttinen, YT., Terenghi, G. and Polak, J.M.: Peptide-containing innervation of rat femoral
lymphatic vessels. Microvasc. Res., 43, 7-19 (1992).
Pickering, B.T.: Lessons from a peptidergic neurone. Nature, 288 (13),117-118 (1980).
Kumazawa, T.: Functions of the nociceptive primary neurons. Jpn. J. Physiol., 40, 1-14 (1990).
Endo, Y: Exocytotic release of neurotransmitter substances from nerve endings in the taste buds of rat circumvallate papillae. Arch. Histol. Cy/ol., 51 (5),489-494 (1988).
Endo, Y, Chiba, A and Honma, Y.: Exocytotic release of neurotransmitters from nerve fibers in the endocrine pancrease (Brockmann body) of the teleost, Takifugu niphobles. Neurosci. Lett., 126,60-62 (1991).
Brain, S.D., Macintyre, I. and Williams, T.J.: A second form of human calcitonin gene-related peptide which
is a potent vasodilator. Eur. J. Pharmacal., 124, 349-352 (1986).
Struthers, AD., Brown, M.J., Macdonald, D.W.R., Beacham, 1.L., Stevenson, J.e., Morris, H.R. and Macintyre, 1.: Human calcitonin gene related peptide: a potent endogenous vasodilator in man. Clin. Sci., 70,
389-393 (1986).
Kenins, P., Hurley, J.V. and Bell, c.: The role of substance P in the axon reflex in the rat. Br. J. Derma/ol.,
III, 551-559 (1984).
Imai, Y.: A pharmacological study of the participation of the peripheral endings of primary afferent neurons
in the inflammatory response evoked by heat and mechanical noxious stimulation. J. Osaka Univ. Den/. Soc.,
35 (1), 307-320 (1990). (in Japanese with English summary).
Hartung, H.P. and Toyka, K.V.: Activation of macrophages by substance P: induction of oxidative burst and
thromboxane release. Eur. J. Pharmacal., 89, 301-305, (1983).
Stanisz, AM., Befus, D. and Bienenstock, J.: Differential effects of vasoactive intestinal peptide, substance P,
and somatostatin on immunoglobulin synthesis and proliferations by lymphocytes from peyer's patches,
mesenteric lymph nodes, and spleen. J. Immunol., 136 (1),152-156 (1986).
Scicchitano, R., Biennenstock, J. and Stanisz, AM.: In vivo immunomoduIation by the neuropeptide substance P. Immunology, 63, 733-735 (1988).
Umeda, Y, Takamiya, M., Yoshizaki, H. and Arisawa, M.: Inhibition of mitogen-stimulated T lymphocyte
proliferation by calcitonin gene-related peptide. Biochem. Biophys. Res. Commun., 154, 227-235 (1988).
Laurenzi, M.A, Persson, M.AA, Dalsgaard, c.-J. and Ringden, 0.: Stimulation of human B lymphocyte
differentiation by the neuropeptides substance P and neurokinin A Scand. J. Immunol., 30, 695-701
(1989).

150
Kansho Yamada et al.

22)
23)
24)
25)

26)
27)
28)
29)
30)
31)
32)
33)

34)
35)

Moore, T.C., Lami, J.L. and Spruck, C.H.: Substance P increase lymphocyte traffic and lymph flow through
peripheral lymph nodes of sheep. Immunology, 67, 109-114 (1989).
Nong, Y.-H., Titus, R.G., Ribeiro, J.M.C. and Remold, H.G.: Peptides encoded by the calcitonin gene inhibit macrophage function. J. Immunol., 143,45-49 (1989).
Umeda, Y. and Arisawa, M.: Inhibition of natural killer activity by calcitonin gene-related peptide. Immunopharmacol. Immunotoxicol., 11 (2&3), 309-320 (1989).
Croitoru, K., Ernst, P.B., Bienenstock, J., Padol, 1. and Stanisz, AM.: Selective modulation of the natural
killer activity of murine intestinal intraepithelial leucocytes by the neuropeptide substance P. Immunology,
71, 196-201 (1990).
Boudard, F. and Bastide, M.: Inhibition of mouse T-cell proliferation by CCRP and VIP: effects of these
neuropeptides on IL-2 production and cAMP synthesis. J. Neurosci. Res., 29, 29-41 (1991).
Calvo, c.-F., Chavanel, G. and Senik, A: Substance P enhances IL-2 expression in activated human T cells.
J. Immunol., 148 (11), 3498-3504 (1992).
McGillis, J.P., Humphreys, S., Rangnekar, V. and Ciallella, J.: Modulation of B lymphocyte differentiation
by calcitonin gene-related peptide(CGRP). Cell. Immunol., 150, 405-416 (1993).
Rameshwar, P., Gascon, P. and Ganea, D.: Stimulation of IL-2 production in murine lymphocytes by substance P and related tachykinins. J. Immunol., 151 (5), 2484-2496 (1993).
Jonsson, C.-E., Brodin, E., Dalsgaard, C.-J. and Haegerstrand, A: Release of substance-P-like immunoreactivity in dog paw lymph after scalding injury. Acta Physiol. Scand., 126,21-24 (1986).
Payan, D.G., Brewster, D.R., Missirian-Bestian, A. and Goetzl, EJ.: Substance P recognition by a subset of
human T lymphocytes. J. Clin. Invest., 74, 1532-1539 (1984).
Payan, D.G., Brewster, D.R. and Goetzl, E.J.: Specific stimulation of human T lymphocytes by substance P.
J. Immunol., 131 (4), 1613-1615 (1983).
Hosoi, J., Murphy G.F., Egan, C.L., Lerner, E.A., Grabbe, S., Asahina, A and Granstein, R.D.: Regulation
of Langerhans cell function by nerves containing calcitonin gene-related peptide. Nature, 363 (13) 159-162
(1993).
Ito, Y., Magari, S. and Sakanaka, M.: Immunoelectron-microscopic localization of peptidergic nerve fibers
around lymphatic capillaries in the rat liver. Arch. Histol. Cytol., 53 (Suppl), 199-208 (1990).
Ichikawa, S., Kyoda, K., Iwanaga, T., Fujita, T. and Uchino, S.: Nerve terminals associated with the central
lacteal lymphatics in the duodenal and ileal villi of the monkey. Acta Anat., 146, 14-21 (1993).

