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To study the. possible mechanism by which peripheral
nerves mediate immune responses in target tissuesL
electrical stimulation of the sciatic nerve was combined
with subcutaneous microdialysis of the hind paw.
Following unilateral stimulation of the sciatic nerve, an
ipsilateral rise in substanceP and a bilateral rise in VIP
levels were observed in dialysate samples from experi-
mental vs control animals. Electrical stimulation of the
sciatic nerve induced a marked hyperemia and swelling of
the ipsilateral paw. Quantitative immunocytochemical
analysis of paraffin-embedded sections of the hind foot
pads demonstrated T lymphocyte migration ipsilateral to
the stimulated nerve. These findings suggest that
peripheral nerves can directly modulate local immune
and inflammatoryresponses.
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Introduction

The effects of primary afferent nerve fibers on
peripheral tissues have been investigated by several
groups. Local edema and extravasation were reported
following electrical stimulation of the saphenous
nerve using stimulation parameters that selectively
excite AI5 and C fibers.1 The involvement of

sympathetics and primary afferents in the develop-
ment of inflammatory arthritis has also been denion-
strated.2 The possibl; control of local specific immune
responses by primary afferents is less well under-
stood. In the lung, however, it is known that the
accumula60n of inflammatory products causes the
local release of neuropeptides that have various
immunomodulatory effects in rats.3,4 Substance P
(SP) and vasoactive intestinal peptide (VIP) are two
neuropeptides that have.,byen shown to modulate
immune responses. The ability of SP to increase the
natural killer cell activity of intestinal intraepithelial
cells in mice was demonstrated both in vitro and in

vivo.s In addition, the amino terminus and carboxy
terminus of SP have been shown to have different in
vitro chemokinesis and chemotactic activities on

human polymorphonuclear leukocytes and mono-
cytes.6 SP was also shown to prime human neutrophil
activity in /;itro7 and, depending on the specific
peptide, dose and route of administration, to have
different immunomodulating effects in mice.8 While
most of the effects of SP on the immune system seem
to be immunostimulatory, vasoactive intestinal pep-
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tide (VIP) has been reported to inhibit the prolif-
.erative response of mice splenic lymphocytes to
concanavalin A (Con A) as well as the response of
lymphocyte'"s derived from mesenteric lymph nodes

. 9 . . .

and Peyer's patches.
To study the possible release of neuropeptides from

peripheral nerve endings into the subcutaneous tissue
of the hindpaw a paradigm combining electrical
stimulation of the right sciatic nerve and microdia-
lysis of the subcutaneous tissue on the plantar surface
of both hind paws was devised. Using this approach
we analy'zed local concentrations of SP and VIP using
radioimmunoassays. To study the local immunologi-
cal consequences of nerve stimulation, histological
sampling of both hind foot pads took place following
electrical stimulation of the sciatic nerve. This dual

approach followed analysis of neuropeptide release
and T cell populations in the subcutaneous tissue of
the paw in response to sciatic nerve stimulation and
provided insight into neuroimmune interactions
occurring in the hindpaw.

Materials and Methods

Animals were anesthetized with 1.5-2.0% isoflur-
ane and anesthesia was maintained with 1-1.5%

isoflurane throughout the experiment. The right
sciatic nerve was exposed and impaled with a silver
0.025 mm bipolar electrode in ":both control and
experimental animals. A microdialysis system was
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FIG. 1. Microdialysis probe construction used for hind paw dialysis in
the present study.

devised as depicted in Figure 1. A hollow polyacry-
lonitrile microdialysis fiber with 20000 mol. wt
clearance (Hospal, Lyon France) was used. Dialysate
was collected into vials in a chilled collection tray at a
rate of 5 vials h-1, each vial receiving approximately
60 t.Llof dialysate.

Five or six baseline dialysate samples were collected
prior to stimulation following a 36 min pre-collection
flushing period. During the collection of sample 6 or 7
(as described in Figs 2, 3, and 4) a 12 min electrical
stimulation train was delivered to the right sciatic
nerve (5 ms on/ off, at 10Hz and 5-10 mV). Control
animals were implanted with a microdialysis probe
and the sciatic nerve was impaled as in experimental
animals, but not stimulated. Samples for peptide
analysis were first pooled (each measured sample
representing dialysate collected over a 24 min period).
Peptide levels were determined using radioimmunoas-

- say kits from Peninsula Laboratories.
Tissue for histological and immunohistochemical

analysis was harvested from four'. animals not
subjected to the microdialysis procedure or to
micro dialysis probe insertion. Ten minutes after
cessation of electrical stimulation of the right sciatic
nerve, the animals were sacrificed using an intracar-
diac overdose of chloral hydrate and the hind feet
were removed and fixed in 4% paraformaldehyde
solution. Skin samples measuring 5 x 5 x 5 mm from
the plantar surface of both hind paws were dehy-
drated and blocked in paraffin. Care was taken to
maintain the temperature of the paraffin below 57°C
during the embedding procedure to prevent destruc-
tion of potential cell surface antigens. Sections of 5 f..Lm
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thickness were cut using a rotary microtome and
mounted on gel coated glass slides. Slides were then
de-paraffinized and rehydrated. All incubations took
place while sections were on the glass slides in a
humid chamber. All antibodies were diluted in

blocking solution of 2% normal goat serum in PBS.
Following a 1h incubation at room temperature with
blocking solution, an overnight incubation at 4°C
with a 1:500 solution of monoclonal mouse anti-rat
CD4 or CD8 antibody (Accurate Chemical and
Scientific Corp., Westbury, NY) took place. Follow-
ing incubation in primary antibody, the sections were
washed three times in PBS and then incubated at

room temperature for 30 min with a 1:1000 solution
of goat anti-mouse Ig antibody conjugated to
fluorescein isothiocyanate (FITC) (Boehringer Man-
neheim, Indianapolis, IN). Slides were then washed
with PBS and covered with coverslips using Fluor-
mount (Gurr, England). The number of CD4+ or
CD8+ cells within the subcutaneous area innervated

by the sciatic nerve was quantified in five random
sections from each animal from both hind feet, as
number of cells mm-2, using a computerized image
analysis system (Universal Imaging SoftWare). Alter-
nate sections were stained with hematoxylin/eosin. To
control for possible non-specific binding of the
primary antibody, three sections from each skin
sample were treated with the secondary antibody
without prior incubation with the primary anti CD4+
or CD8+.
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Results

Data representing the experimental findings are
summarized in Figures 2-5. Hyperemia and edema of
the right hind paw were evident 3-5 min following
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FIG. 2. VIP concentration in microdialysate samples from the right
hind paw (stimulated side) of rats,~ubjected to sciatic stimulation and
from control animals. *Significantly different compared with unsti-
mulated control animals (p < 0.05).




