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Recent evidence suggests that neural transmitters, including neuropeptides, may modulate the 
release of mast cell mediators. Because neuropeptide Y (NPY) has recently been recognized as a 
putative cotransmitter in noradrenergic neurons, we studied the effect of NPY on puri$ed rat 
peritoneal mast cells. NPY induced mast cell degrunulation, as assessed by a dose-dependent 
increase in net release of P-hexosaminidase. The concentration that produced 50% of the 
maximal effect, approximately 10 pmollL, evoked a 40% 2 3% release. As previously reported 
for other neuropeptides, release was fast with maximal release already achieved at 60 seconds. 
Release was at 4” C. In contrast to its effects on mast cell degranulation, NPY had no e#ect on 
the generation of prostaglandin D, , the major mast cell cyclooxygenase product. By 
comparison, the calcium ionophore A23187, at doses (4 pmollL) that evoked comparable 
release of /3-hexosaminidase, stimulated a net release of 37 +- 9 ng of PGD, per lO+ mast cells. 
These results raise the possibility that NPY may act as a modulator between the autonomic 
nervous system and mast cells. The results also imply that with neuropeptide stimulation, the 
release of preformed and newly formed mast cell mediators are mediated through independent 
pathways. (J ALLERGY CLIN IMMUNOL 1991;87:88-93 .) 
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An interrelation between mast cells and nerve struc- 
tures has long been recognized. Histologically, “mu- 
cosal” mast cells are in close proximity to nerve end- 
ings and blood vessels. ’ Nerve stimulation has been 
demonstrated to cause degranulation of mast cells in 
the skin* that contain mostly “serosal” mast cells.3 
Nerve stimulation also results in the release of his- 
tamine from guinea pig atrium and rat ileum, in which 
there is no evidence for histaminergic n+rones.’ It 
has been postulated therefore that mast cells are in- 
volved in neurogenic inflammation. 

There are also pathologic coriditions characterized 
by mast cell activation in the absence of obvious al- 
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PGD?: Prostaglandin Dz 
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DNAse: Deoxyribonuclease 

lergen exposure, such as chronic idiopathic urticaria, 
heat-induced urticaria, cold-induced urticaria, or cho- 
linergic u&aria. It has therefore been suggested that 
these forms of urticaria are neurogenic in nature.5 
Likewise, episodes of asthma and mast cell activation 
in patients with systemic mastocytosis can be triggered 
by exercise and/or stress in the absence of known 
allergen exposure. Since such events are associated 
with activation of the autonomic nervous system, a 
link between such activation and mast cell degranu- 
lation appears possible. 

It has therefore been suggested that neurotransmit- 
ters may modulate the release of mast cell mediators. 
In particular, neuropeptides have been implicated in 
mast cell activation,’ and neuropeptides, most notably 
substance P, appear to play a role in the axon reflex.6 
It has been postulated that activation of sensory re- 
ceptors results in orthodromic transmission of impul- 
ses through afferent nerve fibers to the dorsal horn of 
the spinal cord and in antidromic transmission of im- 
pulses to terminal arborizations of the same fibers. 
This antidromic stimulation would then cause the re- 
lease of neuropeptides, for example, substance P, 
which then stimulate mast cells causing the release of 
histamine and a flare reaction.6 Moreover, substances 
that deplete neuropeptides, such as capsaicin, inhibit 
the flare reaction.7 

NPY has recently been recognized as a putative 
neurotransmitter/neuromodulato? and has been found 
to be costored with norepinephrine in noradrenergic 
neurons.’ Given the possible interaction between the 
autonomic nervous system and  mast cell activation, 
our aim was to determine if NPY, like other neuro- 
peptides, could produce mast cell activation. 

MATERIAL AND METHODS 
Isolation of mast cells 

Sprague-Dawley male rats (400 to 500 gm, retired breed- 
ers) were purchased from Charles Rivers (Raleigh, N.C.). 
Purified peritoneal mast cells were obtained as previously 
described.” Briefly, rats were killed by rapid decapitation 
and were exsanguinated. Tyrode’s buffer (15 ml) lacking 
calcium and magnesium but containing gelatin, 1  gm/L, 
and heparin, 50 mg/L, was injected into the peritoneal 
cavity through a small midline abdominal incision. The 
abdomen was gently massaged for approximately 1 minute, 
and the contents were then exposed through a midline in- 

cision. Peritoneal fluid was aspirated by gentle suction 
through a plastic catheter into a plastic syringe and  centri- 
fugated at 100  g  for 5  minutes at 25” C. Cells from each 
rat were resuspended in calcium- and  magnesium-free Ty- 
rode’s buffer (2 ml) containing gelatin and  DNAse, 30  
mg/L, and  placed over 22.5% metrizamide in 2.5 ml of the 
same buffer. Mast cells were separated by centrifugation at 
400  g  for 15  minutes at 25” C. The mononuclear  cell layer 
was discarded, and  the mast cell pellet was washed twice 
in 2  ml of the same buffer at 100  g  for 5  minutes at 25” C. 
Cells from different rats (6 to 8  per experiment) were then 
pooled and  kept at room temperature before study. Cells 
were resuspended to a  concentrat ion of 5  -t 0.7 X lo6 cells 
per milliliter in Tyrode’s buffer containing DNAse and  gel- 
atin, 1  mmol/LofMgCl,, and  1.6mmol/LofCaCI,, unless 
otherwise noted. Cells were counted with a  hemocytometer 
chamber.  

Release of mediators 
Cells were prewarmed at 37” C for 5  to 10  minutes. 

Incubations were started by adding cells (0.7 +  0.1 x IO6 
per tube) into plastic tubes containing the secretagogues or 
buffer alone, at a  final reaction volume of 250  ~1. Each set 
of experiments included a  tube without secretagogue to de- 
termine unstimulated mediator release and  a  tube containing 
calcium ionophore A23 187  as a  positive control. Phospha-  
tidylserine was not added  unless otherwise noted. 

Release reactions were stopped by dilution with 0.75 ml 
of ice-cold, calcium- and  magnesium-free Tyrode’s buffer, 
and  the cells were immediately sedimented at 100  g  for 5  
minutes at 4” C. The supematant  fractions were decanted,  
and  the cell pellets were resuspended to 1  ml with calcium- 
and  magnesium-free buffer. The  resuspended cell pellets 
were disrupted by sonication (35% power with microtip, for 
1  minute, on  ice) (Fisher Sonic Dismembrator, model  300,  
Fisher Scientific, Pittsburgh, Pa.). It was demonstrated in 
ancillary studies that this procedure did not affect p- 
hexosaminidase activity. The net percentage of release of 
P-hexosaminidase and  histamine was calculated by the 
formula 

Net %  release = SUP @ I - sup VJ) 
Sup(S) + Pellet(S) - Sup(U) 

where Sup = supernatant,  S = stimulated, and  U = 
unstimulated. 

Net release of PGD, was calculated as the difference 
between the concentrat ion of PGD, in the supematants of 
the stimulated minus the unstimulated tubes. Results are 
presented as mean + SEM. 

Measurements of mediators 
P-Hexosaminidase activity was quantif ied by release 

of P-nitrophenol from P-nitrophenol-P-o-2-acetamido-2- 
deoxyglucopiranoside in reaction mixtures containing a  final 
substrate concentrat ion of 4  mmol/L and  either 50  p.1 of 
cell pellet or 100  p.1 of supematant  fractions. Incubations 
were done  in citrate buffer, pH 4.2, containing 0.5% Triton 
X-100 for 2  hours at 37” C. Reactions were stopped by 
additionof 1.5mlof0.2mol/Lofglycine,pH 10.7. Chrom- 
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FIG. 1. Dose-response curve for the release of p- 
hexosaminidase induced by the human NPY in rat peri- 
toneal mast cells. Results illustrated are from a single 
experiment. 

ogen release was quantified by absorbance at 410 nm and 
compared to a standard curve run with each experiment. 

Histamine was quantitated with either 200 pl of the 
supematant fractions or the cell pellets resuspended in 
2OOp1ofmethanol/water(1:20).Histamine[cr,cu,~,~-ZI&]- 
dihydrochloride, 10 ng (MSD Isotopes, Montreal, Canada), 
was then added to each sample, which w”as then purified 
and derivatized as previously described.” After derivati- 
zation and evaporation, the residue was dissolved in 500 p,l 
of toluene to which 500 l.~l of saturated Tris base was added 
and vortexed. After brief centrifugation, the toluene layer 
was transferred to a silica Sep-Pak preparative column (Wa- 
ters Associates, Milford, Mass.) previously washed with 5 
ml of methylene chloride. The column was then washed 
with 2 ml of methylene chloride and eluted with 5 ml of 
methanol/ethyl acetate (1: 9), evaporated to dryness, and 
reconstituted for analysis in 20 pl of ethyl acetate. Quan- 
tification was accomplished by negative ion chemical 
ionization-gas chromatography-mass spectrometry, with se- 
lected ion monitoring, and with a 0.25 micron DB-1 fused 
silica capillary column (J Jr W Scientific, Inc., Polsom, 
Calif.). Ions monitored were m/z = 430 for the endoge- 
nous compound, and m/z = 434 for [‘H,]-histamine. 
Quantitation of endogenous histamine was based on the ratio 
of m/z 430 to m/z 434. 

PGD, was quantitated in 200 p,l of the supematant frac- 
tions. Briefly, 3 ng of [2H,]-PGD,‘o was added to each sam- 
ple. The mixture was then acidified to pH 3, extracted with 
Sep-Pak C,, preparative columns, and purified as previously 
described.12 The final pentafluorobenzyl ester, trimethylsilyl 
ether derivative was quantified with negative ion chemical 
ionization-gas chromatography-mass spectrometry with se- 
lected ion monitoring. PGDZ was quantified by determining 
the ration of m/z 524 ([?I,,]-PGD, to the sum of m/z 530, 
531, 532 ([‘I&], [*H,], [*H,]-PGD,), as previously de- 
scribed.” 

Material and sources 
Reagents were obtained from the following sources: hu- 

man NPY, Bachem Co. (Torrance, Calif.) and Peninsula 
Laboratories (Belmont, Calif.); DNAse, 85,000 U/mg 
from bovine pancreas and calcium ionophore A23187, 
Calbiochem (San Diego, Calif.); and metrizamide, Ny- 
corned (01~0, Norway). All other reagents were purchased 
from Sigma Chemical Co. (St. Louis, MO.). 

RESULTS 

The mean B-hexosaminidase release from un- 
stimulated cells was 5% + 0.9%. NPY produced a 
dose-dependent net release of B-hexosaminidase (Fig. 
1). The concentration that produced 50% of the max- 
imal effect was approximately 10 p,mol/L. This 
concentration evoked a 40% + 3% net release of 
B-hexosaminidase (n = 7) and was used in subse- 
quent studies. By comparison, the calcium ionophore 
A23187, which activates mast cells by causing an 
influx of calcium ions, evoked a 58% ? 3% net 
release of B-hexosaminidase (n = 8) (Fig. 2, 
upper panel). Con A, in the presence of phosphati- 
dylserine, which activates mast cells through cross- 
linkage of IgE, evoked a 16% + 0.2% net release 
of B-hexosaminidase release (n = 4). Although- B- 
hexosaminidase release has been demonstrated to be 
linearly correlated to histamine release in the same 
cell preparation, I3 it appeared important to us to val- 
idate mast cell degranulation with histamine mea- 
surements. Indeed, NPY, 10 pmol/ L, also evoked a 
37% k 2% release of histamine (n = 3). 

The time course of NPY-induced degranulation is 
illustrated in Fig. 3. Degranulation was fast with max- 
imal release already apparent at 60 seconds. To de- 
termine if mast cell degranulation induced by NPY 
was the result of an energy-dependent process, the 
effect of temperature was determined. NPY-induced 
degranulation was submaximal at 4” C compared to 
37” C (Fig. 3), suggesting that it is mediated through 
an energy-dependent and not a cytotoxic process. Fur- 
thermore, after exposure to NPY, mast cells excluded 
trypan blue, an estimate of viability.14 

To determine the effect of extracellular calcium on 
NPY-induced mediator release, cells were isolated as 
described and divided in half before the last washing. 
One half was resuspended in calcium-containing Ty- 
rode’s buffer and the other half in calcium-free buffer. 
Release experiments were then carried out in parallel 
as previously described. NPY, 20 pmol/L, produced 
48% +- 2% release of B-hexosaminidase in the pres- 
ence of extracellular calcium, but only 7% & 0.4% 
release in cells incubated in a calcium-free buffer 
(n = 3). 

In contrast to its effects on preformed mediator 
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FIG. 2. Upper 
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panel, Net percent release of p- 
hexosaminidase produced by NPY, 10 kmol/L, (n = 71, 
the calcium ionophore A23187, 4 kmol/L, (n = 81, and 
Con A, 300 kg/ml (n = 4). Lower panel, Net release of 
PGDZ produced by NPY (n = 5). the calcium ionophore 
A23187, (n = 6). and Con A (n = 4). 

release, NPY had no significant effect on the net re- 
lease of PGD, (+ 0.5 k 0.6 ng of PGD, per 106 
cells; n = 5), a newly formed mediator and the major 
mast cell cyclooxygenase product. By comparison, 
calcium ionophore A23187, at doses that produced 
comparable increases in P-hexosaminidase release as 
NPY, produced a net release of 37 k 9 ng of PGD, 
per 106 cells (n = 6; Fig. 2, lower panel). Con A 
produced a net release of 30 + 5 ng of PGD, per lo6 
cells (n = 4). 

DISCUSSION 
NPY is a 36 amino acid polypeptide present in the 

brain, in the spinal cord, and in peripheral neurons. 
It is closely associated with, or costored in, norad- 
renergic neurons .9 NPY is synthesized in the neuronal 
cell body and reaches nerve terminals via axonal trans- 
port.‘5 Subcellular fractionation studies have sug- 
gested that norepinephrine occurs mainly in small ves- 
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FIG. 3. Time course of @hexosaminidase release 
produced by NPY in rat peritoneal mast cells at 37” C 
(-1 and at 4” C (- - - -1. Results illustrated are from a 
single experiment. 

icles (diameter, 40 to 60 nm), whereas NPY is con- 
tained together with norepinephrine in the less 
numerous large vesicles (diameter, 70 to 100 nm). I6 
These two distinct subcellular stores permit a dif- 
ferential release of norepinephrine or NPY, with 
NPY being preferentially released at relatively high- 
frequency stimulation (20 Hz).” It has been demon- 
strated in vivo that situations characterized by sym- 
pathetic activation are associated with the release of 
NPY. I8 In addition to coexisting in catecholamine- 
containing neurons, NPY may also coexist in neurons 
containing somatostatin. I9 

Because of the potential importance of NPY as a 
neurotransmitter/neuromodulator and given the pre- 
cedent of other neuropeptides producing mast cell ac- 
tivation, we studied the effects of NPY on mast cell 
activation. The results presented here indicate that 
NPY produces mast cell degranulation. The concen- 
tration required to produce half-maximal degranula- 
tion was in the low micromolar range. Although the 
concentrations present in the vicinity of nerve ter- 
minals are unknown, the concentrations found here 
are higher than concentrations required for vascular 
actions.” However, other peptides that activate rat 
peritoneal mast cells do so also at low micromolar 
concentrations, including substance P,14 somatosta- 
tin,” and @endorphins.** Likewise, the concentration 
of substance P required for rat peritoneal mast cell 
degranulation are lOOO-fold higher than concentra- 
tions that stimulate smooth muscle.‘4 Although the 
importance of these neuropeptides on mast cell func- 
tion in vivo is not clearly established, it has been 
suggested that substance P produces mast cell acti- 
vation in vivo.6 

Mast cell degranulation induced by NPY was fast, 
and maximal release was apparent at 60 seconds. This 
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appears to be a general feature of peptide-induced mast 
cell activation as compared to immunologic stimula- 
tion that reaches a peak 3 minutes after challenge.21 
NPY-induced release was significantly lower in the 
absence of extracellular calcium. This differs from 
substance P-induced release, which is greater in 
calcium-free media.24 However, this phenomena is not 
universal to all types of mast cells or peptides studied. 
For example, neurotensin-induced mast cell degran- 
ulation is not significantly affected by changes in ex- 
tracellular calcium concentration.” Similar findings 
are found in human skin mast cells activated by va- 
soactive intestinal peptides and somatostatin. Fur- 
thermore, histamine release produced by substance P 
in th_ese cells is actually decreased in the absence 
of extracellular calcium.25 In contrast, it is univer- 
sally accepted that immunologically mediated hista- 
mine release is critically dependent on extracellular 
calcium. 

NPY induced mast cell degranulation but had no 
effect on PGD, generation. This finding is in sharp 
contrast to the effect of calcium ionophore and the 
reported effects of immunologic stimulation of mast 
cells, which induce both degranulation with release 
of preformed mediators, as well as generation of 
newly formed mediators. These results imply that, at 
least with neuropeptide stimulation, the release of pre- 
formed and newly formed mast cell mediators are 
mediated through independent pathways. Further- 
more, NPY could be used as a probe to examine the 
intracellular mechanisms involved in preformed ver- 
sus newly formed mediator release. In agreement with 
the hypothesis that there is differential release of pre- 
formed and newly formed mediators, it has been de- 
scribed that substance P, vasointestinal peptide, and 
somatostatin release histamine from human skin mast 
cells but have virtually no effect on PGD, or leuko- 
triene C, generation.’ Likewise, dog mastocytoma 
cells release comparable amounts of histamine when 
cells are stimulated by either antigen or compound 
48/80 but generate approximately tenfold less leu- 
kotriene C, after compound 48/80 challenge.26 Fi- 
nally, it has recently been reported that substance P, 
bradykinin, and neurotensin trigger histamine release 
from rat peritoneal mast cells but produce only minor 
generation of PGD.27 

From our studies, we, of course, cannot draw con- 
clusions on the physiologic role of NPY on mast cell 
function. Nonetheless, these results raise the possi- 
bility that NPY may act as a modulator between the 
autonomic nervous system and mast cells. This find- 
ing may be of relevance in pathologic situations, 
which, even though they are characterized by mast 
cell activation, are triggered by mechanisms other than 
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allergen exposure, such as exertion or stress. lio~v- 
ever, the physiologic importance of mast ceils’ arid 
neuropeptide? in these forms of neurogenic influnl- 
mation or allergy remains to be deternunrd 
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The e ffect o f the oral leukotriene antagonist, 
ICI 204,219, on  leukotriene D, and 
h istamine-induced cutaneous vascular 
reactions in man 

Jonathan A. Bernstein, MD, Paul A. Greenberger, MD, Roy Patterson, MD, 
Mitchell Glass, MD,* Robert Krell, PhD,* and Per T. Thyrum, MD, PhD* 
Chicago, Ill., and W ilmington, Del. 

Eighteen normal male subjects were recruited for a  double-blind, placebo-control led, 
randomized, two-period crossover study to determine the effects of a  new, potent, highly 
selective, oral pept ide leukotriene antagonist (ICI 204,219) on  cutaneous vasculture. Skin 
testing for leukotriene D, (LTD,) and  histamine was performed at three different time intervals 
after receiving ICI 204,219 or placebo. The LTD, threshold dose responses were recorded in 
duplicate to verify reproducibility. These data confirm known remarkable dose-response 
variation of cutaneous vascular reactions to LTD, since some subjects reacted to a  dose as low 
as 0.001 fmol. Twelve subjects (67%) demonstrated a  more than one-half  log increase in their 
threshold response after receiving ICI 204,219.  Five of these 12  subjects (28%) had  >I 
log-dose response after ICI 204,219.  Two of these subjects (11 .I %) had  a  5  or IO log increase 
in their threshold response after receiving ICI 204,219.  Given the role of leukotrienes as 
potentially important mediators in immediate-type reactions, our results raise the possibility for 
additional investigation of the antagonistic effect of ICI 204,219 in nonallergic and  allergic 
cutaneous diseases. (J ALLERGY CLIN IMMUNOL 1991;87:93-8.)  
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Leukotrienes comprise a  group of bioactive med ia- 
tors that are formed from the oxidative metabolism of 
arachidonic acid through the 5’-l ipoxygenase path- 
way. Previously referred to as slow-reacting sub- 
stances of anaphylaxis, the peptides LTC4, LTD4, 
and  LTE, are known to be  notent bronchoconstrictors 
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in addition to stimulating mucous secretion and in- 
creasing capillary permeability in postcapillary ven- 
ules. ’ Leukotr ienes are believed to play an  important 

l/1/24691 role in immediate hypersensitivity reactions, notably 
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