15. 6. 1972

Specialia

653

Effects of Known and Suspected Neurotransmitter Substances and of Some Nucleotides on Isolated

Mast Cells

Mast cells occur widely in the tissues of vertebrates! and
rarely in the central nervous system2-%. Although ultra-
structural studies have not revealed synaptic endings on
mast cells anywhere-?, it has recently been shown that in
the skin of the rat the proportion of cells showing signs of
degranulation can be increased by antidromic stimulation
of sensory nerves?®. Since this effect is presumably brought
about by the release of a neurotransmitter substance, it
was decided to test the effects on isolated mast cells of the
various substances known or suspected to be neurotrans-
mitters. In view of the results obtained, the effects of a
number of other compounds, all nucleotides, were subse-
quently tested.

Table I. Effects of known and suspected neurotransmitter substances
on isolated rat peritoneal mast cells

Effect
on mast cells

Compound tested and concentration

Acetylcholine chloride (2.25 X 10~7 — 2.25 X 1072 M)
Acetylcholine chloride, as above, in the presence

of eserine sulphate (2.4 X 10~*M)

Noradrenaline (as r-noradrenaline HCI)

(2.45x 1077 — 2.45x 1072M)

Serotonin (5HT) (as 5-hydroxytryptamine creatinine
sulphate complex) (1.3 X 10~7 — 1.3 x 1072M)
Dopamine (3-hydroxytyramine HCI)

(2.65x 1077 — 2.65x10~2M) :
Histamine dihydrochloride (2.7 X 10-7 — 2.7 x 10—2M)
Glycine (6.5 x 107 — 6.5 x 10-2}/)

Monosodium r-glutamate (2.95 x 1077 — 2.95 x 10~2M/)
L-glutamine (3.4 X 1077 — 3.4 x 10~2M)

L-aspartic acid (3.75x10-7 — 3.75x 10-3M)
y-aminobutyric acid (GABA)

(4.85x 1077 — 4.85x1072M)
Adenosine-5’-triphosphate disodium salt. 3H,0 (ATP)
(8.25x 1078 — 8.25x 107" M)

(2.64 x107% — 8.25x10~%M)

-+, degranulation; —, no degranulation
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Technique. Mast cells from the peritoneal cavities of
young rats were isolated by density gradient centrifuga-
tion in Ficoll!!, The cells from each rat, when isolated
and washed, were suspended in 1.0 ml of Hanks’s balanced
salt solution (BSS). Aliquots of 0.1 ml of this suspension
were incubated with equal volumes of solutions in the same
BSS of the compounds to be tested1?, for 3 min at 37°Cin
different wells of polystyrene haemagglutination trays.
All concentrations of test substances cited are those finally
achieved in the mixtures. After incubation, the mixtures
of test solutions and cell suspensions were smeared into
glass slides which were then dried on a hotplate, fixed in
Carnoy’s fluid and stained with toluidine blue.

Control aliquots of mast cell suspension were incubated
with BSS (which had no effect), distilled water (which dis-
rupted the cells osmotically), compound 48/80 (which de-
granualed mast cells at concentrations of 5 x10-% mg/ml
upwards) and polymixin B (which degranulated the cells
at concentrations of 5 X 10-2 mg/ml upwards). These con-
trol incubations indicated that the isolated cells had re-
tained their known pharmacological responsiveness 3.
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5 ?:'-". b Fig. 1. Photomicrographs of mast cells stained
X with toluidine blue, to show the effects of
treatment with adenosine triphosphate (ATP),

ATP, 8.25 X 108 (intact).

B) ATP, 8.25x 10~"M (intact).

C) ATP, 8.25x 10-M (degranulated).

D) ATP, 8.25 x 10~*M (degranulated).

E) ATP, 8.25%x 10-3M (degranulated).

F) ATP,1.15x107"M in presence of 5.0 ug/
ml oligomycin
(intact).

o G) ATP,6.6 x107"M (intact).
H) ATP, 6.6 x107"M in presence of 5.0 ugf

ml oligomycin
(degranulated).
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Tig. 2. Photomicrographs of rat mesentery incubated with ATP and subsequently fixed and stained as described in text. A) Incubated
with ATP, 2.06 x 10-6M. Intact mast cells. B) Incubated with ATP, 4.125 x 10-834. Most of the mast cells are degranulated.

In view of the results obtained with isolated mast cells,
one of the tested substances, ATP, was incubated with rat
mesentery as described later. )

Neurotransmitter substances. The compounds listed in
Table I, all of which have been suspected of being neuro-
transmitter substances?, were tested in the concentrations
stated, for 3 min at 37°C.

The only substance which caused degranulation of peri-
tonealmastcellswas ATP, inconcentrationsof2.64 X 10-8A7
upwards. It was subsequently shown that ATP was active
at 6.6 X107} in the presence of oligomycin (5.0 pg/ml),
which inhibits the hydrolysis of ATP by a membrane-as-
sociated enzyme?®.

ATP,in concentrations from 2.06 X 10-6t0 1.65 x 10-5M,
was also incubated for 10 min at 37 °C with pieces of me-
sentery taken from an adult male rat, as described by
RiLEY ¢ The mesenteric mast cells, as seen in Carnoy-
fixed preparations stained with toluidine blue, were de-
granulated following incubation in 4.125x10-¢M and
higher concentrations of ATP, but were intact in mesen-
tery incubated with 2.06 x 10-8M ATP or with BSS alone
(Figure 2).

Table II. Effects of nucleotides other than ATP on isolated rat peri-
toneal mast cells

Effect
on mast cells

Compound tested and concentration

Adenosine-5’-diphosphate disodium salt. 2.5H,0 (ADP)
(9.5% 1078 — 9.5 x 10-3M) —
Adenosine-5-monophosphate monosodium

salt. 1.5H,0 (AMP)

(1.25% 1077 — 1,25 x 10~*M) —
(1.25x107% — 1.25 x 1072M) —+
Adenosine-3’-5"-cyclic-monophosphoric acid

(cyclic AMP) (1.5x 1077 — 1.5 X 1072M) —
NS§, O2-dibutyryladenosine-3: 5’-cyclic monophosphoric
acid (1.0x 1077 — 1.0 X 1073M) —
Cytidine-5’-triphosphate sodium salt. 1.5H,0 (CTP)

(9.0 X108 — 9.0 x 10—%M) —
Guanosine-5’-triphosphate trisodium salt.

1.5H,0 (GTP) (8.0 x 1078 — 8.0 x 10-4M) —
Thymidine-5’-triphosphate trisodium salt.

2H,0 (TTP) (9.25x 1078 — 9.25 x 10-4M) —
Uridine-5’-triphosphate trisodium salt. 4H,0 (UTP)

(8.0 X 10-8 — 8.0 x 10~4M) —

+, degranulation; —, no degranulation

Nucleotides. In view of the mast cell-degranulating effect
of ATP, other adenine nucleotides and other nucleoside
triphosphates were tested against isolated mast cells, as
shown in Table I1. Of these, only the higher concentrations
of AMP (1.25 x 10-3M; and above) brought about degranu-
lation of the mast cells. The action of ATP is not, there-
fore, a property of nucleotides in general.

Photomicrographs of mast cells, indicating the respon-
ses to ATP, are shown in Figure 1.

Discussion. Of all the suspected neurotransmitters, only
ATP degranulates isolated mast cells, and it does so at the
low concentration of 2.64 x 10-8M/. This is of interest, since
there is evidence that ATP is released by sensory nerve
endings during antidromic stimulation of cutaneous ner-
vesl?, a situation which is also associated with degranula-
tion of mast cells in the skin 8.

DiamaNnt and KRUGER!® have reported that ATP
(10-5M) causes release of histamine from isolated rat peri-
toneal mast cells, but state that this release is not associat-
ed with degranulation of the cells. This observation is at
variance with the results of the present investigation. The
discrepancy might be explained by the different techniques
used, since granules liberated from the cells could escape
detection when the cells were centrifuged after treatment
with ATP20, However, DIAMANT and KRUGER 2! observed
distortion, but not degranulation of isolated mast cells
treated with ATP (concentrations up to 4.0 x 10-4M/)
while under observation by phase-contrast microscopy.
Treatment with compound 48/80 under similar conditions 22
was followed by lysis of the plasmalemma and release of
cytoplasmic granules.

14 H. McLENNAN, Synaptic Tramsmission, 2nd edn. (Saunders,
Philadelphia and London 1967).

5 F. F. Jossis and H. J. VREmAN, Biochim. biophys. Acta 73, 346
(1963).

18 J. F. RiLey, The Mast Cells (Livingstone, Edinburgh and London
1959);

17 P. HovrroN, J. Physiol., Lond. 745, 494 (1959).

18 J. A. KIERNAN, Quart. J. exp. Physiol., in press July (1972).

1% B. Dramant and P. G. KrRUGER, Acta physiol. scand. 77, 291 (1967).

20 G. D. Broowm, B. DiamanTt, O. HacErRMARK and M. RiTzeN, Expl
Cell Res. 62, 61 {1970).

21 B. DiamanT, P. G. KRUGER and B. Uvnas, Acta physiol, scand. 79,
1 (1970).

22 B. Diamant and P. G. KrUGER, J. Histochem. Cytochem. 76, 707
(1968).
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Résumé. Des suspensions de mastocytes péritoneanx
isolées de rat furent incubées avec 10 substances diffé-
rentes, connues ou presumées étre des neurotransmitteurs.
Seulement ’adenosine triphosphate (ATP) aux concen-
trations supérieures a 2.64 x 10-¢M causérent la dégranu-
lation des mastocytes. L’ATP cause également la dégra-

28 The technical assistance of Miss CHRISTINE GoLDING and Miss Jo
MaLLon is gratefully acknowledged. The summary was kindly
translated by Dr. J. Papatoannou. Most of the work was carried out
during the tenure by the author of a Stanley Elmore Senior
Research Fellowship of Sidney Sussex College, Cambridge.
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nulation des mastocytes dans le mésentére. L’action de
I’ATP peut étre responsible de la dégranulation des masto-
cytes cutanées observée apreés la stimulation antidromique
des nerfs sensorieux, alors que de 'ATP est libéré dans la
peau?, :

J. A. KIERNAN

Depaviment of Anatomy, University of Cambridge,
Downing Street, Cambridge (England), 2 Decembey 19717.

Electrocardiographic Changes in Anaphylactic Shock of the Rabbit

Anaphylactic shock due to a challenge with heterolo-
gous proteins induces a predominantly histamine inde-
pendent overall arterial vasoconstriction in intact animals,
as well as in isolated organs which also includes the co-
ronary arteries'-% 11 The anoxic effects of coronary con-
striction can be electrocardiographically demonstrat-
ed? 7811 In man, most concern is directed towards the
often dramatic decrease of arterial blood pressure, and cli-
nical treatment mainly consists in an attempt to increase
vascular resistance and to enhance cardiac activity by
f-receptor stimulating substances such as epinephrine or
isoprenaline, or even by the use of vascoconstricting
agents such as norepinephrine or angiotensin. It therefore
seemed of interest to reproduce the decrease of arterial
blood pressure under experimental anaphylactic shock
conditions and to establish the nature of its origin.

M aterials and methods. Six white rabbits were sensitized
twice in an interval of 10 days by 1.0 ml/kg horse plasma
subcutaneously. The challenge was performed 3 weeks af-
ter the second injection by 2.0 ml/kg of plasma of the same
horse given intravenously. The animals were anaesthetized
by 22.5 mg/kg of Na-pentobarbital intravenously.

The arterial blood pressure was measured by direct
puncture of the carotid artery with an Autocath-Teflon
3.6 F catheter which was connected to an electromano-
metric blood pressure unit with continuous rinsing of the
catheter. Simultaneously with the blood pressure the
electrocardiogram was recorded on a Cardiopan ITT T of IF.
Liechti AG, Ostermundigen (Switzerland).

Results. The results are summarized in the Table. Blood
pressure values and electrocardiographic changes are re-
ported together with the time elapsed after the challenge.
The electrocardiographic changes mainly consisted in
negativization of ST-T andjor ventricular arrhythmia.
They were interpreted as signs of myocardial anoxia. In 3

cases, ventricular arrhythmia occurred at first while in 3
cases deformation of ST-T was first observed. In no case
did the blood pressure decline more than 5 mm Hg systoli-
callv andjor diastolically at the onset of electrocardio-
graphic changes. On the contrary, in 2 animals (No. 1 and
2) the blood pressure values had increased by 20/10 mm
Hg and 30/25 mm Hg, respectively, at the onset of cardiac
alterations. It may also be seen that a notable blood pres-
sure decrease of at least 10 mm Hg occurred only after
electrocardiographic changes had persisted for at least
20 sec.

Discussion. Our results obtained in intact rabbits in an .
early phase of anaphylactic shock indicate that heart re-
actions as evidenced by electrocardiographic changes are
initially not due to a decrease of arterial blood pressure
and coronary perfusion pressure, respectively. These ex-
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Carotid blood pressure in anaphylactic shock before and after challenge with reference to the time of onset of electrocardiographic changes

Animal No. Blood pressure Blood pressure and time at the onset of Blood pressure and time -

before challenge

(in narcosis) Ventricular arrhythmia Negativization of ST-T  at the earliest decline at the lowest level

mm Hg mm Hg " sec mm Hg sec mm Hg sec mm Hg sec
1 100/80 120/90 62 120/90 70 90/70 120 0/0 140
2 110/90 110/80 110 140/115 70 95/75 130 70/50 140
3 135/105 135/110 14 130/115 40 110/90 90 60/40 300
4 165/130 165/135 67 150/120 82 125/105 90 60/40 180
5 120/80 120/85 1080 115/80 65 — — (115/80) (65)
6 120/70 45 130/75 35 100/50 55 50/25 110

130/80




