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The peptides, neurotensin, substance P, somatosta-
tin, and bombesin, several analogues and fragments
of neurotensin and compound 48/80, all caused the
secretion of both endogenous 5-hydroxytryptamine
(5-HT) and histamine. There was no differential
effect of any of the secretagogues tested on the
secretion of 5-HT and histamine. Amitriptyline pre-
vented the secretion of histamine in response to
stimulation by neurotensin, substance P, somatosta-
tin or compound 48/80 but was without effect on the
secretion of endogenous 5-HT.

Introduction Histamine and 5-hydroxytryptamine
(5-HT) are two of several biologically active com-
pounds secreted by rat mast cells (Bloom, 1974;
Foreman, 1981). Both amines are thought to be
stored in secretory granules and both have pro-
nounced, although somewhat divergent, effects on
the blood vasculature, many of which are associated
with the reactions of allergy and inflammation
(Douglas, 1975). Recently it has been shown that
pretreatment of mast cells with the tricyclic antidep-
ressant, amitriptyline inhibits the stimulated release
of histamine but not that of 5-HT (Theoharides et al,,
1982). From this it was suggested that the peritoneal
mast cell is able to secrete differentially histamine
and 5-HT. Against this background we wondered
whether stimulation by different secretagogues might
result in the preferential secretion of either amine.
Our results, which we describe here, fail to show
selective release of 5-HT or histamine. We have,
however, confirmed the selective inhibition of
histamine release by amitriptyline.

Methods Peritoneal mast cells were obtained from
Sprague Dawley rats of either sex (300-400 g) and
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purified (> 80% purity) as previously described
(Cochrane & Douglas, 1974; Carraway etal., 1982).
The cells were suspended in Locke solution (compos-
tion mM: NaCl 150, KCl 5, CaCl21, HEPES (N-2-
hydroxymethylpiperazin-N'-ethanesulphonic acid)
10, pH 7.2-7.4; (+)-glucose 5.6mM; bovine serum
albumin 1 mg ml-t) to a concentration of approxi-
mately 2 x 1i0 cells ml-'. For Ca-free solutions,
CaCl2 was omitted from the Locke solution and
replaced by EGTA 0.5 mM. In some experiments,
mast cells were preincubated for 2 h at 37°C in Ca-
free solution containing EGTA 1 mM (Cochrane &
Douglas, 1974; Carraway et al., 1982). For the ex-
periments, 450 1l aliquots of the cells in Locke were
preincubated for 10 min at 37°C, the releasing agent
added in a volume of 50 pl and the incubation con-
tinued for 5 min. The supernatant and cell fractions
were then separated by centrifugation (300 g for
5 min) and each extracted with 2% perchloric acid
(final concentration). Amine secretion (supematant
amine) was expressed as a percentage of total amine
(cell plus supernatant) present. Histamine was deter-
mined by fluorometric assay as previously described
(Cochrane et al., 1975). Endogenous 5-HT was
measured by high performance liquid chromatog-
raphy (h.p.l.c.) with electrochemical detection as de-
scribed by Sperk (1982) using an oxidation potential
of 0.6 V and an injection volume of 100 fil.

Neurotensin(NT), substance P (SP), somatostatin
(SRIF), Met-enkephalin, bombesin, angiotensin I
angiotensin II, capsaicin and compound 48/80 were
obtained from Sigma Chemical Co. (St. Louis). The
NT-fragments and analogues were prepared as de-
scribed previously (Granier et al., 1982).
The following compounds were tested (numbers
apply to Figure lb): (1)NT8 13; (2) AcNT83;
(3) Lys8-NT- 13; (4) Lys9NT8'13; (5) Ac2Lys8- 13;
(6) Ac2Lys9NT8- 13; (7) AcPhe11NT8-13; (8)
Ala 2NT8 13; (9) Ala 3NT8 13; (10) AcNT7 13;
(11) NT6-13; (12) Ac2NT6-13.
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Results The addition of neurotensin (NT, <Glu -
Leu - Tyr - Glu - Asn - Lys - Pro - Arg - Arg - Pro -
Tyr - Ile - Leu), substance P (SP), somatostatin
(SRIF), or compound 48/80 to isolated mast cells
induced a prompt and dose-dependent secretion of
endogenous 5-HT and histamine. All agents were
more effective on histamine than 5-HT liberation,
but for each secretagogue the slopes of the dose-
response curves for the release of the two amines
were parallel (r= > 0.90; Figure la). Preincubation
of the mast cells in Ca-free EGTA Locke, reduced
the neurotensin-induced secretion of 5-HT to control
values (control = 0.5 ± 0.2; 3JAMNT 1.5 ± 0.1;
3 gM NT + Ca-free conditions = 0.4 ± 0.1; x ± s.e.
mean, n = 3). Likewise, preincubation of mast cells in
glucose-free Locke containing 2-deoxyglucose
(DOG, 100 tM) and antimycin A (1 ItM) or preincu-
bation of the cells in Locke containing disodium
cromoglycate (DSCG, 100 jiM) inhibited the release
of 5-HT in response to NT (control cells = 0.3 ± 0.1;
3 iMNT = 1.5 ± 0.3; 3jMNT antimycin A + DOG*
=0.6±0.1; 3jiMNT+DSCG* = 0.2±0.1;
x±s.e.mean,n=3; *P<0.05 vs NT). The secretion
of histamine in response to all secretagogues tested
was likewise calcium- and energy-dependent.
We also compared the effects of several analogues

and fragments of NT on the secretion of endogenous

5-HT and histamine. As shown in Figure lb, the
abilities of the peptides to induce secretion differed
considerably, the octapeptide, NT6-13, being the
most active. However, the relative effectiveness of
each compound on the release of the two amines was
similar. We also tested angiotensin I, angiotensin II,
Met-enkephalin (each at 30 iuM), and capsaicin
(100 IM): each failed to stimulate the secretion of
either 5-HT or histamine. Bombesin (30 jiM) caused
a twofold increase over the basal secretion of both
amines.

In addition, we examined the effect of amitrip-
tyline (10-5M) on the stimulated secretion of en-
dogenous 5-HT and histamine. Amitriptyline largely
inhibited histamine secretion in response to NT
(14.0% to 5.0%, n= 2), Substance P (40.0% to
10.0%, n=2), somatostatin (51.3±6.8% to
18.3±3.4%, n=3) and significantly (P<0.05) re-
duced histamine release in response to compound
48/80 (74.7±5.9% to 51.0±3.4%, n=3; all data
x± s.e.mean). In contrast, it had no effect on the
secretion of endogenous 5-HT in response to NT,
substance P, somatostatin, or compound 48/80.
Basal secretion of either amine was not significantly
affected by amitriptyline. Similar results were ob-
tained when the secretion of exogenously accumu-
lated [3H]-5-HT was measured (not shown).
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Figure 1 (a) Dose-response curves for the secretion of endogenous 5-hydroxytryptamine (5-HT,-) and histamine
(0) induced by neurotensin (NT), substance P (SP), somatostatin (SRIF), or compound 48/80. The points are the
means of 3- 5 experiments. For graphical reasons, s.e.mean are omitted but were always within 10%. (b) Correlation
between secretion of endogenous 5-HT and histamine induced by NT (3 jiM, *) or one of twelve NT-sequence
analogues or fragments (3 jM, 0). For identification of peptides see methods. All correlation coefficients were

calculated using linear regression analysis.
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Discussion Our results show that endogenous 5-
HT and histamine are released in a parallel fashion
when mast cells are stimulated by any of several
non-immunological secretagogues. In each case, rais-
ing the concentration of secretagogue increased the
secretion of both 5-HT and histamine with a correla-
tion coefficient of > 0.9 (Figure la). Furthermore,
the secretion of 5-HT elicited by any of twelve struc-
tural analogues of NT was closely correlated to the
secretion of histamine (r= 0.9, Figure lb). The high-
er percentage of histamine than 5-HT release by
48/80 and SP is in line with results published by
Irman-Florianc & Erjavec (1983).
The incubation of the cells in media free of cal-

cium, addition of metabolic inhibitors ortdisodium
cromoglycate inhibited the stimulated secretion of
both histamine and 5-HT. Moreover, those agents
that failed to elicit histamine secretion, namely, an-
giotensin I and II, Met-enkephalin, and capsaicin,
also failed to elicit the secretion of endogenous 5-HT.

Taken together, our results suggest that the secretion
of histamine and 5-HT are very closely coupled and
may involve similar mechanisms.
We were able to confirm the observation of

Theoharides et al., (1982) that amitriptyline inhibits
the release of histamine but not that of 5-HT in
response to 48/80. In addition, we have shown that
amitriptyline differentially affects the response to
NT, substance P, and somatostatin in a similar man-
ner. If differential release of 5-HT and histamine
occurs physiologically, this may be brought about by
as yet unkown secretagogues or there may be en-
dogenous factors which are able to inhibit selectively
the secretion of one amine and not the other.

Supported by NIH grants AM 28565 to REC, Al 19436
to DEC, and the Tufts Biomedical Research Fund. E.A.S. is
a Fellow of the Max Kade Foundation, New York, U.S.A.
Reprint requests to E.A.S. in Austria.

References

BLOOM, G.D. (1974). Structural and biochemical charac-
teristics of mast cells. In The Inflammatory Process, 2nd
ed. vol. 1, ed. Zweifach, B.W., Brant, L. & McClusekey,
R.T. pp. 545-599. New York: Academic Press.

CARRAWAY, R.E., COCHRANE, D.E., LANSMAN, J.B.,
LEEMAN, S.E., PATERSON, B.M. & WELCH, H.J. (1982).
Neurotensin stimulates exocytotic histamine secretion
from rat mast cells and elevates plasma histamine levels.
J. Physiol., 323,403-414.

COCHRANE, D.E. & DOUGLAS, W.W. (1974). Calcium-
induced extrusion of secretory granules (exocytosis) in
mast cells exposed to 48/80 or the ionophores A-23187
and X-537A. Proc. natn. Acad. Sci., U.S.A., 71,
418-422.

COCHRANE, D.E., DOUGLAS, W.W., MOURI, T. &
NAKAZATO, Y. (1975). Calcium and stimulus-secretion
coupling in the adrenal medulla: Contrasting stimulating
effects of the ionophores X-537A and A23187 on
catecholamine output. J. Physiol., 252, 363-378.

DOUGLAS, W.W. (1975). Histamine and antihistamines 5
hydroxytryptamine and antagonists. In The Phar-
macologicalBasis of Therapeutics, 5th ed. ed. Goodman,
L.S. & Gilman, A. pp.490-630. New York: MacMillan.

FOREMAN, J.C. (1981). Pharmacological control of Im-
mediate Hypersensitivity. A. Rev. Pharmac. ., 21,
63-81.

GRANIER, C., VAN RIETSCHOTEN, J., KITABGI, P., POUS-
TIS, C. & FREYCHET, P. (1982). Synthesis and charac-
terization of neurotensin analogues for
structure/activity relationship studies. Acetyl-
neurotensin (8-13) is the shortest analogue with full
binding and pharmacological activities. Eur. J.
Biochem., 124,117-124.

IRMAN-FLORIANC, T. & ERJAVEC, F. (1983). Compound
48/80 and substance P induced release of histamine and
serotonin from rat peritoneal mast cells. Agents and
Actions., 13, 138-141.

SPERK, G. (1982). Simultaneous determination of seroto-
nin, 5-hydroxyindoleacetic acid, 3,4-
dihydroxyphenylacetic acid and homovanillic acid by
high performance liquid chromatography with elec-
trochemical detection. J. Neurochem., 38, 840-843.

THEOHARIDES, T.C., BONDY, P.K., TASKALAS, N.D., &
ASKENASE, P.W. (1982). Differential release of seroto-
nin and histamine from mast cells. Nature, 297,
229-231.

(Received November, 1983)


