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Histamine Release Induced by Immobilization, Gentle Handling
and Decapitation From Mast Cells and Its Inhibition
by Nedocromil in Rats
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ABSTRACT—The effect of immobilization, gentle handling and decapitation on the level of plasma hista-
mine in Wistar rats was investigated. Mast cell deficient (Ws/Ws) rats were used to characterize the source
of elevated histamine in plasma by stress, and the effect of nedocromil, a mast cell stabilizer, on histamine
release was assessed in these models in vivo. The plasma histamine concentration of freely moving rats was
93.02-2.3 pmol/ml. Gentle handling produced a transient increase in plasma histamine level by 1.9-fold,
whereas immobilization resulted in a longer-lasting elevation by 2.6-fold compared to that in the freely
moving rats. Decapitation increased the plasma histamine level by 10- to 16-fold compared with that in the
freely moving rats. No increase in plasma histamine was found in Ws/Ws rats exposed to stress. Nedocromil
inhibited the increase in plasma histamine level induced by stress in a dose-dependent manner. These find-
ings suggest that stress induces histamine release from mast cells in Wistar rats and the extent of this his-
tamine release increases with the severity of stress. Nedocromil proved to be a good pharmacological tool
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to inhibit stress-induced release of mediators from mast cells.
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Stress is a basic response to diverse real or perceived
threatening stimuli (1) and can affect illness (2), especially
autoimmune and neuroinflammatory syndromes. Stress
participates in or worsens certain neuroinflammatory
conditions such as migraines (3), neurogenic pruritus (4)
and interstitial cystitis (5, 6), all of which have been as-
sociated with mast cell activation. When activated, mast
cells release histamine and other mediators that induce
anaphylactic responses including vasodilation, increased
vascular permeability and contraction of smooth muscle.

The classic pathway of mast cell activation is initiated
upon interaction of a multivalent antigen (allergen) with
its specific IgE antibody attached to the cell membrane via
its high affinity receptor, FceRI (7). Mast cells may also be
activated by nonimmunologic stimuli such as neuropep-
tides (8, 9), corticotropin-releasing hormone (10), as welil
as electrical stimulation of nerves in the dura (11) and in
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the skin (12, 13). Moreover, mast cells have also been
found in close apposition to neurons (14—16). These
findings suggest participation of peripheral histamine in
the expression of physiological and pathological
responses to stress.

Measurement of the plasma level of histamine can
provide unique information about the activation of
histamine-storing cells in vivo. A previous study in our
laboratory showed that water immersion stress for 6 hr
results in a biphasic increase in plasma histamine level
(17), where the initial acute increase originated from mast
cells and the second sustained release was attributed to
enterochromaffin-like cells. This stress, extremely potent
stimuli that are used to make gastric ulcer models, con-
tains two components of stressor; i.e., restraint in a
stainless steel mesh and immersion in a water bath. The
effect of only immobilization stress on the plasma level of
histamine, however, still remains unclear. It is worthwhile
to confirm this effect because a short period of immobili-
zation or gentle handling is needed for administering
drugs. The reported “baseline” values of the histamine
level in rats, especially when the animals are pretreated by
handling or decapitation which includes handling and



256 Z.-L. Huang et al.

sacrifice of animals, vary widely. No data are available,
however, on whether handling or decapitation affects the
level of plasma histamine.

Nedocromil, a mast cell stabilizer, inhibits mediator
release from inflammatory cells involved in allergic re-
actions and is widely used for prophylaxis of asthma (18).
It remains unclear whether nedocromil can inhibit the
stress-induced increase in plasma histamine level. If
nedocromil can inhibit stress-induced release of media-
tors from mast cells, it would be a candidate for the
treatment of many inflammatory conditions related to the
activation of mast cells.

In the present study, effects of stress commonly
encountered in the laboratory, i.e., immobilization, gen-
tle handling and decapitation of Wistar rats, on the level
of plasma histamine were investigated. Blood samples
from the control rats were obtained in a freely moving
condition. To characterize the sources of plasma hista-
mine during stress exposure, we applied immobilization,
gentle handling and decapitation to genetically mast-cell-
deficient (Ws/Ws) rats (19). Furthermore, both the im-
mobilization and gentle handling stress models were used
to evaluate the pharmacological effect of nedocromil in
vivo on the release of histamine from mast cells in rats
exposed to stress.

MATERIALS AND METHODS

Animals

Male Wistar rats, weighing 240—-250 g, were purchased
from CLEA Japan (Osaka) and kept in our laboratory
for 1 week before exposing them to stress. Male and
female Ws/+ rats, both of the Donryu strains, were
crossed to obtain male Ws/Ws rats which are deficient in
mast cells, using the procedure described by Niwa et al.
(19). Each Ws/Ws rat had a weight of 230-250 g. All of
the rats were housed at a constant temperature (24 +27C),
with a humidity of 55+£10%, on an automatically con-
trolled, 12/12-hr light/dark cycle (lights on at 7:00 a.m.).
The rats had free access to food and water. The rats were
deprived of food 18 hr before they were exposed to stress,
but were permitted intake of water ad libitum. The pro-
tocol was approved by the Animal Care and Use Com-
mittee of Ehime University.

Chemicals

Histamine and o-phthaladehyde were obtained from
Wako Company (Osaka). Nedocromil, the disodium salt
of a pyranoquinoline dicarboxylic acid, was supplied by
Fujisawa-Fisons Pharmaceuticals (Osaka). All other
chemicals were of the highest grade commercially avail-
able.

Cannulation procedure

Cannulation was carried out as described by Huang
et al. (17). Briefly, the rats were first anesthetized with so-
dium pentobarbital (50 mg/kg, i.p.). A catheter filled with
a solution containing 600 IU/ml of sodium heparin, was
implanted into the jugular vein; the outlet of the catheter
was drawn out at the nape, and sealed. After the opera-
tion, the rats were kept in individual cages in a quiet room
for an adaptation period of 3 days before stress was ap-
plied.

Immobilization procedure and blood sampling

Fasted Wistar or Ws/Ws rats were subjected to im-
mobilization stress or gentle handling beginning at
around 10:00 a.m. For the immobilization stress study,
each rat was removed from the home cage environment
and restrained firmly with a stainless steel mesh, and the
immobilized rats were placed at a room temperature of
24°C for 2 hr. Blood samples, at a volume of 0.15 ml
each, were drawn from the jugular catheter at 0, 5, 15, 30,
45, 60, 90 and 120 min during the stress. The collected
blood samples were immediately centrifuged (800X g)
at 4C for 15 min. Fifty microliters of the plasma of each
blood sample was stored at —84C until histamine deter-
mination.

The control rats were not subjected to stress. Blood
samples were obtained from the rats under the freely
moving condition during a 2-hr period at the time points
noted above. Each rat was placed in an acrylic cage, and
the outlet of the catheter was connected to a liquid swivel
attached to the balanced arm (Tsumura, Tokyo). This
system enabled us to obtain plasma samples from freely
moving animals without exposing them to any type of
stress.

Handling

After collection of the control blood sample via the
catheter connected to the Tsumura freely moving system,
Wistar or Ws/Ws rats were handled by being lifted by the
tail so that the front paws could barely touch the floor of
the cage for 1 min. A blood sample was obtained im-
mediately at the end of the handling (1 min) and at 5, 15,
30, 45, 60, 90 and 120 min after the animal was returned
to its cage. Control rats were used to obtain samples in
the freely moving condition.

The effect of nedocromil on the increase in plasma hista-
mine level induced by immobilization or gentle handling

Nedocromil was dissolved in saline and given at doses
of 0.1, 1 and 10 mg/kg intravenously at volumes of 1
ml/kg. The same volume of saline was injected into the
control rats. Two hours after nedocromil administration,
the rats were subject to immobilization stress for 2 hr or
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gentle handling for 1 min according to the procedure
described above, and plasma samples were obtained from
the catheter indwelled 3 days prior.

Decapitation

Other unanesthetized Wistar and Ws/Ws rats into
which catheters were not implanted, were decapitated by
a guillotine (Natsume, Tokyo), and three sequential 3-ml
samples (a total of 8 to 10 ml per rat) of blood from the
severed neck of the body were collected in plastic tubes
containing 2000 I.U. of heparin powder. Drainage of
blood from the trunk required up to 1 min, with the first 3
ml obtained within 10 sec and the second 3 ml during a
20-sec interval. In the control experiment, blood samples
were obtained through indwelling catheters on postoper-
ative day 3 in the freely moving condition.

Determination of histamine content by high-performance
liquid chromatography (HPLC)-fluorometry

The concentration of histamine in the plasma was de-
termined by the HPLC-fluorometry technique (20, 21).
Fifty microliters of each plasma sample was diluted with
350 1 of 0.46 M perchloric acid and centrifuged at
10,000 X g for 15 min at 4°C. Fifty microliters of the su-
pernatant was injected directly into a column packed with
the TSKgel SP2SW cation exchanger (150X 6 mm i.d.)
(Tosoh, Tokyo). Histamine was eluted with 0.25M
potassium phosphate at a flow rate of 0.6 ml/min. The
histamine was post-labeled with o-phthalaldehyde in an
alkaline condition, and detected fluorometrically in an
F1080 Fluorometer (Hitachi, Tokyo), using excitation
and emission wavelengths of 360 and 450 nm, respective-
ly.

Statistical analyses

Results are presented as the mean=S.E.M. Differences
in plasma histamine level of the stress-exposed and freely
moving rats were analyzed by Fisher’s PLSD after two-
factor analysis of variance (ANOVA). The effect of
decapitation on plasma histamine was analyzed by
Student’s #-test. Significance was accepted at P <0.05.

RESULTS

Effect of immobilization on histamine release in Wistar
rats

In Wistar rats exposed to immobilization for a 2-hr
period, the plasma histamine level increased rapidly as
shown in Fig. la. The maximal elevation, reached at 5
min after immobilization, was 2.6-fold higher than the
basal level in the freely moving rats. Thereafter, the level
of histamine declined but was sustained up to at least 90
min between 130-190 pmol/mi, which is significantly

higher than that of the control. In contrast, the mean
basal level of plasma histamine of the control rats in the
freely moving condition was 93.0+=2.3 pmol/ml. The
level was not affected by the procedure of sampling.

Effect of handling on histamine release in Wistar rats

Gentle handling for 1 min increased the plasma level of
histamine significantly in the samples drawn immediately
after the handling. The peak level of histamine, reached
15 min after the handling, was 1.9-fold the plasma hista-
mine concentration in the freely moving rats. The plasma
histamine level then decreased and returned to the basal
ievel at 30 min after handling (Fig. 2a).

Effect of immobilization and handling on histamine re-
lease in Ws/Ws rats

In Ws/Ws rats, the basal plasma histamine level was
51.1%1.0 pmol/ml, which is half the value in the Wistar
rats. In addition, the rapid increase in plasma histamine
level was not observed during the immobilization stress
(Fig. 1b) or after gentle handling (Fig. 2b).
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Fig. 1. Plasma concentration of histamine in Wistar (a) and
Ws/Ws (b) rats exposed to immobilization stress for 2 hr (@) and
under the freely moving condition (). Freely moving rats served as
the control group. Each data point represents the mean=+S.E.M.
(n=>5 or 6 for Wistar rats and n=4 or 5 for Ws/Ws rats). **P <0.01,
*P <0.05, compared to the respective value in the control group.
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Fig. 2. Plasma concentration of histamine in Wistar (a) and
Ws/Ws (b) rats exposed to gentle handling for 1 min (@) and under
the freely moving condition (). Freely moving rats served as the
control group. Each data point represents the mean+=S.E.M. (n=35
or 6 for Wistar rats and n=4 or 5 for Ws/Ws rats). **P<0.01,
*P <0.05, compared to the respective value in the control group.

Effect of nedocromil on the increase in plasma histamine
level induced by immobilization and gentle handling

The effect of various doses of nedocromil on the in-
crease in plasma histamine level induced by immobiliza-
tion is shown in Fig. 3. In the saline group, the plasma
histamine level increased dramatically, peaking at a level
about 2.8 times higher than the basal level, and thereafter
rapidly decreased but sustained a level higher than the
basal level. When 0.1 mg/kg of nedocromil was ad-
ministered, the stress-induced elevation in plasma hista-
mine was significantly inhibited at 5, 15, 60 and 90 min
during the stress, and this inhibition became more
marked as the dose of nedocromil was increased. The
inhibitory effect of nedocromil at 1 mg/kg was much
greater than that at 0.1 mg/kg. A dose of 10 mg/kg
nedocromil eliminated the stress-induced histamine eleva-
tion, and the basal level of plasma histamine was reduced
to 72% of the control level.

Similar results were observed after gentle handling
(Fig. 4). Stress-induced elevation of the plasma histamine
level appeared within 30 min after handling. The three
dosages of nedocromil each inhibited the increase in
histamine level at the end of handling and 15 min after
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Fig. 3. Effect of various doses of nedocromil on the plasma con-
centration of histamine in Wistar rats exposed to immobilization for
2 hr. Nedocromil was administered intravenously 2 hr before im-
mobilization. Each point represents the mean=S.E.M. (n=4 or 5).
*¥*P <0.01, *P <0.05, compared to the respective value in the saline
group. @: saline; /\: nedocromil, 10 mg/kg; (O: nedocromil, 1
mg/kg; [): nedocromil, 0.1 mg/kg.

the stress. At 5 min after the stress, nedocromil at doses
of 0.1 and 1 mg/kg did not inhibit the elevation in plasma
histamine level but did at a dose of 10mg/kg of
nedocromil.

Effect of decapitation on histamine release in rats

After decapitation, the level of plasma histamine in
Wistar rats was elevated throughout the blood collection
period and reached the maximal level, a 16-fold increase,
by the second 3-ml sample. Even in the first sample ob-
tained after decapitation, the level of plasma histamine
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Fig. 4. Effect of various doses of nedocromil on the plasma con-
centration of histamine in Wistar rats exposed to gentle handling for
1 min. Nedocromil was administered intravenously 2 hr before gen-
tle handling. Each point represents the mean=S.E.M. (n=4 or 5).
**P<0.01, *P<0.05, compared to the respective value in the saline
group. @: saline; /\: nedocromil, 10 mg/kg; (O: nedocromil, 1
mg/kg; [1: nedocromil, 0.1 mg/kg.
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Fig. 5. Effect of decapitation on the plasma histamine concentra-
tions in Wistar (close bar, n=7) and Ws/Ws (open bar, n=4) rats.
In the control experiment, plasma samples were obtained in the
freely moving condition by catheter on postoperative day 3. In the
decapitation experiment, three sequential 3-ml samples of blood
were collected from the trunk of the body. Each column represents
the mean+S.E.M. of plasma histamine concentration. **P <0.01,
*P <0.05, compared to the respective value in the freely moving rats.

had sharply increased to an amount that was 10-fold the
level of plasma histamine in the freely moving rats, and
5- and 4-fold the peak level after gentle handling and
the peak level during immobilization, respectively. In the
third sample, the plasma histamine level was nearly the
same as that in the first sample. In the first sample ob-
tained after decapitation of Ws/Ws rats, the plasma
histamine level was 90% higher than that in the freely
moving rats and a little hematocytolysis was observed,
while the plasma histamine level of the second and third
samples did not differ from that of the freely moving rats
(Fig. 5).

DISCUSSION

Water immersion stress, which has been regarded as
a very useful experimental procedure to study stress-
induced gastric ulcer in this past decade (22), induced a
4-fold transient increase in plasma histamine level (17).
Immobilization which restrains animals without water
immersion, however, is one of the commonly used
experimental methods to study stress (23). The present
study clearly demonstrates that both immobilization
stress and gentle handling for just 1 min rapidly increased
the plasma histamine level by 2.6- and 1.9-fold in Wistar
rats, respectively (Figs. 1la and 2a). The acute increase in
plasma histamine level induced by the two kinds of stress
in Wistar rats, was not seen in the Ws/Ws rats that lack
the connective tissue mast cells (Figs. 1b and 2b). These

findings indicate that the increase in plasma histamine
level observed in Wistar rats after exposure to stress is due
to the release of histamine from mast cells and that the
amount of histamine released from mast cells depends on
the type and degree of stimulus. In the periphery, hista-
mine is mainly stored in mast cells distributed throughout
the body, basophils in the blood and enterochromaffin-
like (ECL) cells in the stomach. Ws/Ws rats are geneti-
cally deficient in mast cells, but contain basophils and
ECL cells. Previous studies showed that the number of
basophils in the blood of Ws/Ws rats is 4 X 10%/1, which is
the same as that in wild type rats (24), and that the hista-
mine content and histidine decarboxylase activity in the
gastric mucosa, where ECL cells are localized, of Wistar
rats and Ws/Ws rats do not differ (17). Taken these find-
ings together, this suggests that basophils and ECL cells
are not involved in the acute increase in plasma histamine
level by stress (Figs. 1b and 2b).

Mast cells are localized predominantly in association
with blood vessels in the subepithelial connective tissue of
the bronchi, conjunctiva, gut, skin and the peritoneal
cavity (25). Although we could not localize the mast cells
that degranulated and released histamine in response to
these stresses, previous results (17) showed that there is an
immediate decrease in the histamine content of the dorsal
skin of Wistar rats by 20% during exposure to water im-
mersion stress, suggesting that skin mast cells dramatical-
ly respond to stress and release histamine. We might sup-
pose that mast cells at least in the skin, contribute to the
increase in the plasma histamine level caused by stress.

In the present experiments, no exogenous antigen was
administered to the rats exposed to stress. Thus, the stress
facilitated mast cell degranulation via a non-immunologi-
cal process. Neuropeptides such as substance P and neu-
rokinin A released from sensory nerves have been sug-
gested to initiate histamine release from connective tissue
mast cells (26—28). There are some reports that support
this idea; mast cells are in direct anatomical contact with
neuropeptide-containing sensory nerves (11-13), and
electrical stimulation of the sciatic nerve induces an in-
crease in histamine release in the paw of rats by
microdialysis (Z.-L. Huang et al., unpublished data).
Degranulation of mast cells in the dura and the bladder of
rats was morphologically recognized after an acute im-
mobilization stress (5, 29). The recent studies (30) showed
that stress resulted in histamine release from mast cells,
whereas the degeneration of sensory nerves in the rats
pretreated with capsaicin significantly inhibited this
response, suggesting that activation of sensory nerves
participates in stress-induced histamine release from mast
cells. These findings suggest that histamine release from
mast cells is under neuronal control, and the present
results provide direct evidence of this event in vivo. The
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present method may be useful for examining the mechan-
ism underlying the allergic response related to the central
and peripheral nervous system.

Our finding that immobilization and gentle handling
rapidly increase the plasma level of histamine is similar
to the report showing that immobilization or gentle
handling rapidly increases the plasma level of catechol-
amines, the catecholamine precursor 3,4-dihydroxy-
phenylalanine and metabolites of norepinephrine and
epinephrine (31, 32). Among catecholamines, the neuro-
transmitter norepinephrine, which is mainly released
from sympathetic nerve terminals, responds to stress
extremely rapidly and reaches a peak level in plasma
within 1 min of immobilization or gentle handling. Further
study is needed to clarify whether the sympathetic neuro-
transmitters are involved in the induction of histamine
release from mast cells in rats exposed to stress.

This finding was further confirmed pharmacologically
by the administration of nedocromil prior to the stress. In
vitro experiments showed that nedocromil has a high
degree of specificity in its action, inhibiting immunologi-
cal histamine release from serosal, but not intestinal,
mast cells of rats, and it was completely ineffective against
human basophils (33, 34). These findings indicate that
nedocromil inhibits histamine release from connective
tissue-type mast cells, but has no effect on mucosal mast
cells and basophils. In this study, nedocromil inhibited
histamine release induced by either immobilization or
gentle handling in a dose-dependent manner. When the
dose reached 10 mg/kg, not only did it inhibit the stress-
induced increase of plasma histamine level, but it also
reduced the basal level of plasma histamine. Taken
together, the transient increase of plasma histamine level
in Wistar rats occurred by the induction of histamine
release from mast cells. Nedocromil may be a good
pharmacological tool to inhibit the release of mast cell
mediators induced by stress, and it might be used for
prophylaxis and treatment of many inflammatory condi-
tions such as migraines, neurogenic pruritus and inter-
stitial cystitis.

In the present study, the use of indwelling jugular
catheters and freely moving equipment permitted meas-
urement of circulating histamine levels in rats not dis-
turbed by the handling and/or restraint usually required
to obtain samples of blood. In the blood of conscious
unrestrained rats obtained through indwelling catheters,
the normal plasma histamine level of 93.0 pmol/ml, is
considerably lower than the 20 and 70 ng/ml which have
been previously reported in the rat (35, 36).

In the freely moving condition, plasma histamine levels
were stable. Relatively gentle handling in which the rats
were suspended by the tail while remaining in their cage is
probably less disturbing than the handling required for an

i.p. or i.m. injection, but produced a 1.9-fold increase
in circulating histamine. This finding that even a brief
period of gentle handling can increase the plasma level of
histamine, may help to explain the commonly encoun-
tered problem of large variability in baseline plasma his-
tamine level in studies on plasma histamine.

The high level of histamine found in blood obtained
from the trunk of decapitated animals without catheters
(the same high level was observed in the decapitated rats
with catheters, data not shown) was much higher than the
plasma histamine level during immobilization or after
gentle handling and that in freely moving conditions in
the present study, but is similar to that previously report-
ed in rat plasma (35, 37). Thus, the high levels of plasma
histamine previously reported in rats have apparently
been due to the stress of laboratory manipulation associ-
ated with the methods of blood collection. We suggest
that blood collection from the decapitated trunk is not
appropriate for studying the effects of stress or chemicals
on plasma histamine. In the Ws/Ws rats, plasma hista-
mine in only the first sample was increased due to
hematocytolysis which resulted in histamine release from
basophils, but the plasma histamine level in the two other
samples did not differ from that of the freely moving rats.
We suggest that the plasma histamine increase after
decapitation in Wistar rats is also attributed to the re-
lease of histamine from mast cells.

In conclusion, the plasma level of histamine rapidly
increases by immobilization and even gentle handling in
conscious rats, and the greater the stress is, the greater
the extent of histamine release is. This increase was not
observed in Ws/Ws rats and was inhibited by a mast
cell stabilizer, indicating that the elevation of plasma
histamine originated from mast cells in Wistar rats.
Nedocromil inhibited the increase in stress-induced plas-
ma histamine in a dose-dependent manner, suggesting
that nedocromil may be a good pharmacological tool to
inhibit stress-induced exocytosis of compounds from
mast cells, and it might be used for prophylaxis and
treatment of many inflammatory conditions related to the
activation of mast cells.
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