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Abstract. Rat cutaneous mast cells were degranulated in
vivo by immersing the animals in water at 60-80°C for
20 sec. In vitro, histamine was released from minced skin
and peritoneal mast cells exposed to temperatures above
52°C. The rate of release was markedly increased by
raising the temperature from 56 to 60°C. The metabolic
inhibitors 2,4-dinitrophenol and potassium cyanide did not
inhibit the release process. The kinetics of the heat-
induced release differed from those of the release caused
by compound 48/80. It is concluded that the energy-
dependent histamine release mechanism activated in for
example anaphylaxis or by compound 48/80 is not in-
volved in the release caused by heat.

Thermal injury evokes an inflammatory response
in the exposed tissue and may thus be used for
producing experimental inflammation in ani-
mals (1). Some observations indicate that mast
cells and release of substances from these cells are
involved in the inflammatory response. (a) The
number of mast cells is decreased in the acute
inflammation, but increased in chronic inflam-
matory states (6, 14, 16). (b) Histamine has long
been claimed to act as a mediator in inflamma-
tory reactions (13, 24, 26, 29) and is synthetized
and stored in the mast cells (17, 22). (¢) Proteo-
lytic enzymes are also involved in the inflamma-
tory mechanism (3, 4, 18, 19), and one such en-
zyme, chymotrypsin, is a major constituent of the
mast cell granules (12, 15).

The release of histamine from mast cells is an
enzymatic, energy-dependent process when in-
duced by antigen, some basic histamine liberators,
e.g. compound 48/80, or by some naturally oc-
curring polypeptides (28). The aim of the present
work was to find out whether these release mech-
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anisms are activated in the mast cells also in ther-
mal injury.

MATERIALS AND METHODS

Male Sprague-Dawley rats (300—400 g) were used
in all experiments.

Experiments in vive

The abdominal skin was shaved and the animals, anaes-
thetized with ether, were immersed in water at different
temperatures (60-80°C) for 20 sec. Control animals were
immersed in water at 22°C for the same period. After
immersion they were kept at 37°C for 10 min and then
killed by a blow on the head and bleeding from the
carotids. Pieces of the abdominal skin measuring approxi-
mately 5x 15 mm were removed and immediately placed
in 3.7% formaldehyde in ethanol. After fixation for 24
hours the specimens were subjected to conventional his-
tological processing. Paraffin sections, 8 pm thick, were
cut perpendicularly to the skin surface and stained with
toluidine blue. In each section the number of degranu-
lated mast cells was determined and the result was ex-
pressed as the percentage of the total number of visible
mast cells.

Experiments in vitro

Minced skin. The rats were bled under light ether anaes-
thesia. Pieces of shaved abdominal skin were removed,
freed from subcutaneous fat, and minced with scissors.
The mince was washed three times in an isotonic salt
solution (NaCl, 154 mM; KCl, 2.7 mM; CaCl,, 0.9 mM)
containing 10%  (v/v) Sorensen phosphate buffer
(Na,HPO, + KH.PO,, 6.7 x 10-*M), pH 7.0, and divided
into 0.25 g samples. These were placed in 25 ml Erlen-
meyer flasks, suspended in 2.5 ml of the above salt so-
lution, and incubated. At the end of the incubation the
suspension was filtered through paper and the filtrate was
collected for histamine assay. The tissue was rinsed on the
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Fig. I. Histamine release from minced skin after incuba-

tion at different temperatures for 30 min.

filter paper with buffered salt solution and then sus-
pended in 0.1 N HCI and heated in a boiling water bath
to extract the non-released histamine. Released and non-
released histamine was determined, and the release was
expressed as a percentage of the total amount of his-
tamine present during the incubation.

Peritoneal cell suspension. Peritoneal cells were ob-
tained as described in a previous paper (8). The salt
solution used for washing and suspending the cells had
the same composition as that used for the minced skin,
except that human serum albumin, 1 mg/ml, was added.
The suspension was divided into 2 ml aliquots, which
were incubated in 15 ml centrifuge tubes. The incuba-
tion was terminated by cooling in iced water, and the
samples were centrifuged at 350 g for 10 min. The non-
released histamine was extracted by suspending the sedi-
ment in buffered salt solution and heating in a boiling
water bath. Histamine was determined in both the super-
natant and the sediment, and the release was expressed
as the percentage of the total amount.

Mesentery. Pieces of mesentery were prepared and pro-
cessed as described by Hogberg & Uvwniis (11), and the
percentage of degranulated mast cells was estimated using
the light microscope.

Histamine assay. The histamine was assayved by the
fluorometric method of Shore et al. (23). In the experi-
ments with peritoneal cells the purification procedure was
omitted and eo-phthalaldehyde was added directly to the
alkalinized samples (8). The bee venom phosphatidase A,
identical to “F 1" (7), was obtained by gel filtration on
Sephadex G 50 of bee venom precipitated with picric
acid and chromatographied on Amberlite IRC-10.

RESULTS

Mast cell degranulation in vivo

In the abdominal skin of rats immersed in water
at 60°C for 20 sec, the percentage of mast cells
which had undergone degranulation ranged be-
tween 25 (equal to the degranulation in control
animals) and 70. Heating at 80°C for 20 sec in-
variably caused degranulation of about 70% of
the mast cells.
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Histamine release from minced skin

The “spontancous” release of histamine from
minced skin was high. About 35% of the skin
histamine was lost during the mincing and wash-
ing procedures. Of the remaining histamine, 20—
359% was recovered in the filtrate after 30 min
incubation at 37°C.

Histamine release at different temperatures.
The histamine release at different temperatures
was measured after 30 min incubation. Below
52°C no more histamine was liberated than that
“spontaneously™ released. Above this temperature
there was a steep increase in the release to a
maximum of 85-90% at 60°C (Fig. 1).

Time course of the histamine release. When the
minced skin was incubated at 56°C, the histamine
release was almost linear during the first 60 min.
During this period about 70% of the histamine
was released. At 60°C the major part of the re-
lease occurred during the first 20 min and after
60 min more than 90% of the histamine had been
released (Fig. 2).

Influence of inhibitors. The effect of two sub-
stances interfering with oxidative metabolism. 2.
4-dinitrophenol and potassium cyanide, was stud-
ied. Prior to the incubation at 60°C the skin
samples were incubated for 20 min with the in-
hibitor in concentrations known to inhibit the his-
tamine release mechanism activated by, for exam-
ple, compound 48/80 (9, 11, 21). In no instance
was an inhibition observed (Fig. 3). The sponta-
neous histamine release was not influenced by
the presence of the inhibitors.

The possible release of a mast cell degranulat-
ing factor. If the heat-induced histamine release
were mediated by a humoral factor, released or
produced in the skin during heating, it might be
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Fig. 2. Time course of the histamine release from minced
skin during incubation at 22°, 56° and 60°C. 3 expts.
The bars represent standard errors.
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Fig. 3. Influence of dinitrophenol (DNP) and potassium
cyanide (KCN) on the histamine release from rat skin
caused by heating at 60°C for 30 min. Inhibitors were
added 20 min before the temperature was raised. Shaded
columns represent heated samples. The blank column rep-
resents samples at 0°C,

possible to demonstrate that factor in the sus-
pension fluid after exposure of minced skin to
heat. Therefore we carried out a series of experi-
ments in which mesentery pieces were incubated
in the filtrate from skin samples heated at 57°C
for 30 min. However, there was no significant
difference in degranulation of the mast cells in
mesenteries treated with filtrate from heated skin
and skin incubated at 22°C (Table I).

Histamine release induced by chemical agents.
For comparison, two agents known to releasz his-
tamine from rat skin, phosphatidase A from bee
venom and compound 48/80, were tested. The
releasing capacity of these agents was low, espe-
cially that of compound 48/80, which liberated
maximally 30-35% of the histamine. The release
induced by 48/80 was completed within the first
5 min of exposure, while phosphatidase A caused
a slow release very much like that induced by
moderate heat (Figs. 4, 5).

Table 1. Degranulation of mesentery mast cells ex-
posed to the filtrate from heat-treated skin.

Samples of minced skin (0.5 g in 5 ml of salt solution) were
heated at 57°C for 30 min. The samples were filtered and
pieces of mesentery were incubated in the filtrate for 20 min.
Control pieces were incubated in the filtrate from minced
skin kept at 22°C for 30 min

Percentage degranulation

Treated with  Treated with

Experiment no. 57°-filtrate 22°-filtrate
1 16 5
2 13 13
3 6 12
M 12 10
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Fig. 4. Time course of histamine release from minced skin
induced by compound 48/80. Temp. 37°C.
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Fig. 5. Time course of histamine release from minced

skin induced by phosphatidase A. Temp. 37°C.

Experiments with peritoneal cells

The heat-induced histamine release from sus-
pended peritoneal mast cells is illustrated in
Fig. 6. The temperature-response curve had virtu-
ally the same appearance as in the experiments
with rat skin (Fig. 1); the threshold temperature
for histamine release was 52-55°C, and total his-
tamine depletion was obtained at 60°C, The time
course of the heat-induced release was dependent
on the temperature, but the “explosive” release
found to occur on exposure to certain histamine
liberators, e.g. 48/80 (5, 8), was never observed
(Fig. 7).
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Fig. 6. Histamine release from peritoneal mast cells after
incubation at different temperatures for 30 min.
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Fig. 7. Time course of the histamine release from peri-
toneal mast cells during incubation at different tempera-
tures.

Peritoneal cells pretreated with dinitrophenol or
potassium cyanide were exposed to 57°C. Neither
of these agents had any influence on the amount
of histamine released (Fig. 8).

Morphological alterations—degranulation—in
mesentery mast cells were found to occur at tem-
peratures above 55°C (Fig. 9). Dinitrophenol,
5x10-* M, or potassium cyanide, 10-3 M,
caused no inhibition of the morphological
changes.

DISCUSSION

Histamine may play a role in inflammatory reac-
tions including burns (26). Thus, the histamine
antagonist mepyramine maleate can protect rats
against the increase in capillary permeability
caused by chemical as well as thermal injury (25).
Since the histamine in all probability comes
from the tissue mast cells, these might be expected
to be degranulated in such injured states. As
shown earlier (2) and confirmed in the present

work, this is also the case.

-
&8 @ @ o
T e

PER CENT RELEASE

5]
i

— — 5x10 s5x10° 10 10' ™
DNP KCN

Fig. 8. Influence of dinitrophenol (DNP) and potassium
cyanide (KCN) on the histamine release from peritoneal
mast cells caused by heating at 57.5°C for 30 min. In-
hibitors were added 20 min before the temperature was
raised. Shaded columns represent heated samples. The
blank column represents samples kept at 0°C.
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Fig. 9. Degranulation of mesentery mast cells after in-

cubation at different temperatures for 20 min. The dots
represent mean values of duplicate samples,

PER CENT DEGRANULATION

The mast cell degranulation may be accom-
plished by a direct effect of heat on the mast cells
or be caused by some chemical mediator appear-
ing in the skin tissue during the exposure to heat.
Biologically active agents are known to appear in
these circumstances. For instance, a proteolytic
enzyme is released from rat skin by thermal in-
jury (3), and bradykinin appears in the perfusates
from burned rat paws (20, 27). The hypothesis
that histamine release is mediated by a humoral
factor is supported by the observation (10) that
exposure of rats to 58-62°C for 30 min leads
to—among other symptoms—degranulation of the
peritoneal mast cells. The results of the present
study, however, do not support the concept of a
chemical mediator of histamine release in heat
injury. Histamine was released equally well from
washed peritoneal mast cells and from skin piecss,
and no mast cell degranulating activity was de-
tectable in a filtrate of the fluid in which skin
pieces had been heated. However, a short-lived
compound, like bradykinin, would have escaped
discovery in this test system.

Some histamine releasing agents, e.g. com-
pound 48/80. act by triggering an energy-depend-
ent, enzymatic process in the mast cells (28). The
effect of heat might be of this type, or it might
be a denaturation of essential components of the
cells, resulting in leakage of histamine. Compound
48/80 has a weak histamine releasing effect on
rat skin in vitro (9, 21), but this effect differs in
important respects from that caused by heat. The
time course for the 48/80-induced release is quite
different from that for the heat-induced. The ef-
fect of compound 48/80 on rat skin can be
blocked by dinitrophenol and potassium cyanide
(9, 21), while the heat-induced release from skin



or from peritoneal mast cells was not inhibited by
these substances. Moreover, the increase in the
histamine release with increasing temperature is
steeper than should be expected for an enzymatic
reaction, and seems more compatible with the
high temperature coefficients for protein dena-
turation. Thus in conclusion our data point to
an unspecific mechanism of histamine release in
thermal injury of the skin.
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