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Inflammatory mediators and immunological induction of synaptic plasticity

Role of mast cell- and non-mast
cell-derived inflammatory mediators
in immunologic induction of synaptic
plasticity
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Abstract

We have previously discovered a long-lasting enhancement of synap-
tic transmission in mammal autonomic ganglia caused by immuno-
logical activation of ganglionic mast cells. Subsequent to mast cell
activation, lipid and peptide mediators are released which may modu-
late synaptic function. In this study we determined whether some mast
cell-derived mediators, prostaglandin D2 (PGD2; 1.0 µM), platelet
aggregating factor (PAF; 0.3 µM) and U44619 (a thromboxane ana-
logue; 1.0 µM), and also endothelin-1 (ET-1; 0.5 µM) induce synaptic
potentiation in the guinea pig superior cervical ganglion (SCG), and
compared their effects on synaptic transmission with those induced by
a sensitizing antigen, ovalbumin (OVA; 10 µg/ml). The experiments
were carried out on SCGs isolated from adult male guinea pigs (200-
250 g) actively sensitized to OVA, maintained in oxygenated Locke
solution at 37oC. Synaptic potentiation was measured through alter-
ations of the integral of the post-ganglionic compound action potential
(CAP). All agents tested caused long-term (LTP; duration ≥30 min) or
short-term (STP; <30 min) potentiation of synaptic efficacy, as meas-
ured by the increase in the integral of the post-ganglionic CAP. The
magnitude of mediator-induced potentiation was never the same as the
antigen-induced long-term potentiation (A-LTP). The agent that best
mimicked the antigen was PGD2, which induced a 75% increase in
CAP integral for LTP (antigen: 94%) and a 34% increase for STP
(antigen: 91%). PAF-, U44619-, and ET-1-induced increases in CAP
integral ranged for LTP from 34 to 47%, and for STP from 0 to 26%.
These results suggest that the agents investigated may participate in
the induction of A-LTP.
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Presynaptic stimulation can cause con-
spicuous changes in the synaptic efficacy of
chemical synaptic transmission which can
last from seconds to hours. An increase in
synaptic efficacy is called short-term poten-
tiation (STP) or long-term potentiation (LTP)
if it persists for a few minutes, or many
minutes to hours, respectively (1). LTP is
thought to be strongly related to the mech-
anism of memory and pain (2-4).

It has been demonstrated that antigen-anti-
body-mediated activation of resident mast cells
in the superior cervical ganglion (SCG) causes
an increase in the efficacy of synaptic trans-
mission which, in most cases, is long lasting
(>30 min) and has been termed antigen-in-
duced long-term potentiation (A-LTP) (5,6).
Histamine, which is released from mast cells
in the guinea pig SCG upon antigen challenge,
has been shown to have a stimulatory (through
H1 receptors) action on ganglionic nicotinic
transmission (7), but causes only a short-last-
ing (<10 min) potentiation of synaptic efficacy
(8). Catecholamines (which can be released
from sympathetic cell bodies) and serotonin
(found in mast and enterochromaffin cells)
can potentiate ganglionic synaptic transmis-
sion (9,10). Since blockade of α- and ß-adre-
nergic, muscarinic and nicotinic cholinergic,
and serotoninergic receptors did not block A-
LTP, we investigated whether other substances
released by mast cell activation can induce
LTP. We examined three derivatives of arachi-
donic acid, prostaglandin D2 (PGD2), platelet
aggregating factor (PAF) and U44619 (a throm-
boxane analogue), as well as endothelin-1 (ET-
1). All compounds were shown to induce LTP,
although not to the same extent as A-LTP.

The experiments were carried out on adult
male guinea pigs (200-250 g) actively sensi-
tized to ovalbumin (OVA; chicken egg albu-
min, Sigma Chemical Co., St. Louis, MO),
as described previously (5). Briefly, animals
were injected intraperitoneally with ovalbu-
min (10 mg/kg) at two-day intervals for 6
days. Twenty-one to 45 days after the last
injection, the animals were killed and the

SCG, along with their pre- and postgangli-
onic nerve trunks, were dissected and imme-
diately submerged in cold (5oC) Locke solu-
tion with the following composition: 136
mM NaCl, 5.6 mM KCl, 14.3 mM NaHCO3,
1.2 mM NaH2PO4, 2.2 mM CaCl2, 1.2 mM
MgCl2, 11 mM dextrose, and 0.03 mM cho-
line chloride, bubbled continuously with 95%
O2-5% CO2, pH 7.2 to 7.4.

SCG were trimmed of excess connective
tissue and pinned to the Sylgard (Dow Corn-
ing, Midland, MI) coated floor of a record-
ing chamber (@ 0.25 ml volume). Ganglia
were superfused (3-5 ml/min) at 36-37oC
with oxygenated Locke solution. Unless oth-
erwise stated, agonists were superfused over
ganglia for 5 min.

Evoked compound action potentials
(CAP) were routinely recorded with extra-
cellular suction electrodes placed 2-4 mm
distant from the ganglion at the level of the
superior nerve branch, and connected to the
preamplifier (0.1-1 kHz; WPI, Sarasota, FL).
Stimulation was carried out with suction
electrodes placed 3-10 mm away from the
ganglion at the level of the cervical sympa-
thetic nerve trunk (CST). The effect of appli-
cation of an antigen or reagent on ganglionic
synaptic transmission was assessed by meas-
uring changes in the integral of the evoked
CAP. CAP were evoked and collected via
pCLAMP software (Axon Instruments, Fos-
ter City, CA) running on an IBM PC XT with
a TL1 interface (Axon Instruments). The
computer was connected to a Dell System
320 (20 MHz, 386 PC) via a two-node local
area network (Lantastic Artisoft Inc., Tuc-
son, AZ) for the purpose of monitoring the
peak-to-peak amplitude and integral CAP
responses “on-line”. The monitoring/analy-
sis program (“CAP”, written in collabora-
tion with BME Systems Inc., Baltimore, MD)
run on the Dell 320 system permitted analy-
sis of the responses during the experiment.

Postganglionic CAP were usually evoked
at a frequency of 0.2 Hz, and the control CAP
integral was usually adjusted to values close to
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50% of the maximum attainable either by
adjusting preganglionic stimulus intensity or
by adding hexamethonium (100-300 µM) to
the Locke solution and stimulating the CST
supramaximally. Potentiation of synaptic trans-
mission was considered to be long-term if it
lasted ≥30 min, and STP for periods of time
<30 min.

All salts were analytical grade and were
purchased from Sigma Chemical Company.
ET-1, PAF, PGD2, and U44619 were kindly
donated by Dr. B. Undem, Johns Hopkins
University.

Data are reported as mean ± SEM and were
considered to be significant at P<0.05.

The effects of the arachidonic acid de-
rivatives PAF and PGD2, of the thrombox-
ane analogue U44619, and of the cytokine
ET-1 are shown in Table 1. Also shown for
comparison are the effects produced by the
antigen OVA (Figure 1). Five ganglia from
sensitized and 7 from non-sensitized guinea
pigs were exposed to bovine serum albumin
(10 µg/ml) and OVA (10 µg/ml) (sensitizing
antigen), respectively. No alteration of syn-
aptic transmission (>5%) was observed.
Unsensitizing antigen, therefore, never in-
duced synaptic potentiation.

Column 2 in Table 1 shows the quantifica-
tion of induction of long-term potentiation,
reported as the increase in CAP integral and
ratio of occurrence (given in parentheses) of
LTP. All four substances induced LTP, as
recorded in at least 25% preparations tested.
The magnitude of CAP potentiation produced
by PAF, U44619 or ET-1 was ~50% that
induced by antigen (94%) and, taking values
of all three agents together, differed signifi-
cantly from the values for sensitizing antigen
(P<0.05, ANOVA and the Scheffé test). The
incidence of LTP was higher with U44619 but
lower with PAF and ET-1 when compared
with A-LTP (34 of 60 trials). PGD2 caused an
increase in CAP (75%) that was not statisti-
cally different from potentiation produced by
the antigen. Interestingly, PGD2 induced LTP
with nearly the same incidence as OVA.

The third column in Table 1 shows the
inflammatory mediators that induced STP
with ratios of occurrence that were either
higher (ET-1) or lower (PAF and PGD2) than
that produced by the antigen (26/60). The
average magnitude of potentiation was sig-
nificantly smaller (0-34%) than that induced
by the antigen (P<0.05, ANOVA and the
Scheffé test). The fourth column shows the
ratio of occurrence when there was no po-
tentiation of synaptic transmission.

The major finding of the present study is
that some mast cell mediators induce short-
and long-term synaptic potentiation in the
isolated superior cervical ganglion of the
guinea pig. Two types of control experi-
ments reported in previous studies (6,8) have
shown that these synaptic potentiations are
not attributable to artifacts, such as alter-
ations of extracellular series and shunt resis-
tances. Firstly, sensitizing antigen and hista-
mine, although inducing an increase in
postsynaptic CAP integral, did not affect the
presynaptic CAP. Secondly, CAP evoked by

Table 1 - Effect of sensitizing antigen, platelet aggregating factor (PAF), U44619,
prostaglandin D2 (PGD2), and endothelin-1 (ET-1) on the efficacy of synaptic transmis-
sion in guinea pig superior cervical ganglion (SCG).

aMean potentiation lasting ≥30 min (LTP); potentiation lasting <30 min (STP). bMean
increase in compound action potential (CAP) integral reported as percentage of control
integral ± SEM. For the statistical significance of differences between means, see
text. CAP integrals (mV.ms) in preparations exposed to sensitizing antigen and PGD2
were 17.76 ± 1.67 (N = 60) and 13.24 ± 1.96 (N = 14), respectively, and 31.81 ± 2.34
and 21.27 ± 2.39, in the presence of these agents. cNumber of increases with a
duration ≥30 min/total of trials. dNumber of increases with a duration <30 min/total of
trials.

Agent Increase in CAP Increase in CAP No change in synaptic
integral in LTPa integral in STPa transmission

Sensitizing antigen 94 ± 8.1b 91 ± 11.9 -

(34/60)c (26/60)d (0/60)

PAF (0.3 µM) 47 ± 13.7 24 ± 9.4 -

(5/16) (6/16) (5/16)

U44619 (1.0 µM) 34 ± 6.8 - -

(3/4) (0/4) (1/4)

PGD2 (1.0 µM) 75 ± 19.1 34 ± 13.9 -

(7/15) (5/15) (3/15)

ET-1 (0.5 µM) 42 ± 12.7 26 ± 5.5 -

(3/12) (8/12) (1/12)
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direct ganglion stimulation in the presence
of hexamethonium (1-5 µM) was not af-
fected by either antigen or histamine. Previ-
ous investigations have revealed that hista-
mine, an important mediator released from
mast cells, can potentiate ganglionic synap-
tic transmission in guinea pig ganglia. How-
ever, this biogenic amine has been convinc-
ingly shown not to participate in A-LTP (8).
We also observed that preincubation of SCG
with indomethacin did not interfere with the
induction of A-LTP. Thus, the mast cell
mediator(s) responsible for A-LTP remain
uncharacterized. The robust LTP produced
by exogenously applied PGD2, a known mast
cell-derived lipid mediator, suggests that the
involvement of these prostanoids in A-LTP
should be reassessed. PAF is also released
from mast cells upon antigenic stimulation.

ET-1, though not a known mast cell-
derived mediator, may be formed in auto-
nomic ganglia following antigenic stimula-
tion of resident mast cells. Although this
cytokine could induce STP and LTP in the
guinea pig SCG, the infrequent occurrence
of LTP produced by ET-1 makes it unlikely
that this peptide plays a major role in A-LTP.
However, various mediators may perhaps
undergo synergistic interaction and thus sig-
nificantly contribute to A-LTP.
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Figure 1 - Antigen- and prosta-
glandin D2 (PGD2)-induced long-
term potentiation in the superior
cervical ganglion in vitro. Repre-
sentative course of variation of
the compound action potential
(CAP) integral (mV.ms; ordinate)
recorded before, during (5 min)
and after ganglionic exposure to
a sensitizing antigen (ovalbumin
(OVA); 10 µg/ml) in A or to PGD2

(1.0 µM) in B. The arrow indi-
cates the time when the chal-
lenge started. Insets on top of
each panel: actual CAP voltage
recordings under control (a) and
experimental (b) conditions dur-
ing exposure to OVA (panel A)
or to PGD2 (panel B) and after
wash (c). Each data point repre-
sents the average magnitude of
the integral of 12 postganglionic
CAPs evoked at 0.2 Hz. Calibra-
tion: 1 mV, 10 ms.
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