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Abstract

Ž .The effect of water immersion stress on the plasma concentration of histamine, in Wistar and mast cell-deficient WsrWs rats, was
investigated. The histamine content of the plasma, skin and gastric mucosa, as well as the level of activity of histidine decarboxylase in

Ž .the gastric mucosa, were determined by high performance liquid chromatography HPLC -fluorometry. In Wistar rats exposed to water
immersion stress for a total of 6 h, an initial, acute, four-fold, transient increase in the plasma histamine level, followed by a sustained,
though lower, elevation of the plasma histamine level, was observed. The initial acute increase in plasma histamine level was also seen in
gastrectomized Wistar rats exposed to water immersion stress, but not in WsrWs rats exposed to stress. The sustained elevation of the
plasma histamine level was observed in the WsrWs rats. However, in both the gastrectomized Wistar rats and gastrectomized WsrWs
rats, the sustained elevation in plasma histamine level was not observed. The histamine content of the skin of Wistar rats after 15 min or
more exposure to water immersion stress, was 20% lower than that of control rats. The mucosal histamine content of both Wistar rats and
WsrWs rats, was 20% lower, whereas histidine decarboxylase activity in the gastric mucosa was enhanced by two-fold, during exposure
to stress for 4 h. These findings indicate that water immersion stress causes a biphasic increase in plasma histamine concentration in
Wistar rats; the initial acute increase in plasma histamine level originates from mast cells, and the second, sustained increase is attributed
to enterochromaffin-like cells. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Histamine is synthesized and stored in several kinds of
the cells throughout the mammalian body. Histamine is
mainly stored in mast cells, basophils and enterochromaf-

Ž .fin-like ECL cells in the periphery. An antigen binds
Ž .with immunoglobulin E IgE on the surface of mast cells

and basophils, thereby inducing these cells to release his-
tamine. Once released, histamine induces anaphylactic re-
sponses including vasodilation, increased vascular perme-
ability, and contraction of smooth muscle, all of which are
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Ž .mediated by histamine H -receptors Pearce, 1989 . Recent1

studies have revealed that non-immunologic secretagogues,
Ž . Žsuch as substance P Hua et al., 1996 , neurokinin A Joos

. Žet al., 1994 and corticotropin-releasing hormone Theo-
.harides et al., 1998 , can induce the degranulation of mast

cells. This suggests the relevance of mast cells not only to
allergic disorders, but also to neuroinflammatory symp-
toms in which the nervous system interacts with the im-

Ž .mune system Sternberg et al., 1992; Ader et al., 1995 .
Histamine is released from numerous ECL cells in the

oxyntic mucosa of the stomach, under the control of both
Žthe vagus nerve and gastrin Hakanson et al., 1984; Prinz˚

.et al., 1993; Sandor et al., 1996 . Histamine plays a crucial
role in regulating gastric acid secretion from parietal cells

Ž .via histamine H -receptors Waldum and Sandvik, 1989 .2

Animal studies have shown that stress-induced gastric
ulceration is frequently associated with acid secretion and
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mucosal blood vessel engorgement, and these could proba-
Ž .bly be due to the effects of histamine Cho et al., 1992 .

These findings suggest that histamine released in the
periphery, participates in the physiological and pathologi-
cal responses to stress. However, no studies on the change
in the amount of histamine released from peripheral his-
tamine-storing cells under pathogenic conditions, have been
reported. In the present study, we studied the plasma
concentration of histamine in rats during exposure to water
immersion stress. Water immersion stress is a useful model

Žfor examining stress-induced gastric ulcers Honda et al.,
.1994 . In an attempt to clarify the particular cells which

release histamine during stress, water immersion stress was
applied to Wistar rats, and to mutant rats that are homozy-

Ž .gous at the white spotting Ws locus, that is, WsrWs rats,
Ž .which are deficient in mast cells Niwa et al., 1991 . A

total gastrectomy was then performed on these animals,
and the gastrectomized rats were subjected to water im-
mersion stress to determine if ECL cells contribute to the
elevation in plasma histamine level.

2. Materials and methods

The animal experiments performed in this study, were
conducted according to the guidelines of the Animal Care
Committee of Ehime University School of Medicine. The
experimental protocols were approved by the Animal Care
Committee.

2.1. Animals

Male Wistar rats, weighing 240–250 g, were purchased
Ž .from CLEA Japan Osaka, Japan , and kept in our labora-

tory for 1 week before exposing them to stress. Male and
female Wsrq rats, both of the Donryu strain, were crossed
to obtain male WsrWs rats, which are deficient in mast
cells, and their wild type, qrq rats, using the procedure

Ž .described by Niwa et al. 1991 . Each of the WsrWs rats
and qrq rats, had a weight of 230–250 g. All of the rats

Ž .were housed at a constant temperature 24"28C , with a
humidity of 55"10%, on an automatically-controlled,

Ž .12:12 h lightrdark cycle lights on at 7:00 a.m. . The rats
had free access to food and water. The rats were deprived
of food 18 h before they were exposed to stress, but were
permitted intake of water ad libitum.

2.2. Cannulation procedure

Cannulation was carried out as described by Kvetnan-
Ž .sky et al. 1992 . Briefly, the rats were first anesthetized

Ž .with sodium pentobarbital 50 mgrkg i.p. . A catheter
filled with a solution containing 600 IUrml of sodium
heparin, was implanted into the jugular vein; the outlet of
the catheter was drawn out at the nape, and sealed. After
the operation, the rats were kept in individual cages in a

quiet room for an adaptation period of 3 days before water
immersion stress was applied.

2.3. Water immersion stress procedure and blood sampling

The fasted rats were subjected to water immersion
stress at 10:00 a.m., according to the method of Takagi et

Ž .al. 1964 . Each rat was removed from the home cage
environment, and restrained firmly with a stainless steel
mesh. The immobilized rat was vertically immersed in a
water bath at 238C to the level of the xiphoid process for 6
h. Blood samples of 0.2 ml each, were drawn from the
jugular catheter at 0, 5, 15, 30, 45, 60, 90, 120, 180, 240,
300 and 360 min during the stress experiment. The col-

Žlected blood samples were immediately centrifuged 800=
.g , at 48C for 15 min. The precipitated blood cells after the

third sampling, were resuspended in an equal volume of
saline, and infused back into the animal by the catheter

Žwithin 5 min after centrifugation Knigge et al., 1990;
.Pacak et al., 1995 . Fifty microliters each plasma sample

was stored at y848C, until the time of histamine determi-
nation.

The control rats were not subjected to stress. Blood
samples were obtained from the rats under freely moving
conditions during a 6 h time period. Each rat was placed in
an acrylic cage, and the outlet of the catheter was con-
nected to a liquid swivel attached to a balanced arm
Ž .Tsumura, Tokyo, Japan . This system enabled us to obtain
plasma samples from freely moving rats without exposing
them to any type of stress.

2.4. Total gastrectomy

Other Wistar and WsrWs rats were fasted, with only
water available, the night before the operation. Under

Ž .sodium pentobarbital anesthesia 50 mgrkg i.p. , a total
gastrectomy was performed, followed by an end-to-end
esophagoduodenostomy. All of the rats had an uneventful
postoperative recovery. One week after the total gastrec-
tomy was performed, the cannulae manipulations were
carried out as described previously.

2.5. Preparation of the skin and gastric mucosa for
analysis of histidine decarboxylase actiÕity and
histamine content

Other Wistar and WsrWs rats were subjected to water
immersion stress without the implantation of catheters.
They were decapitated after being exposed to water im-
mersion stress for 15 min, 1 h, and 4 h. A piece of the
circular dorsal skin, 10 mm in diameter, and the stomach,
were removed from the animal. The stomach was opened
along the major curvature and rinsed with ice-cold saline.
The oxyntic mucosa was then scraped off the gastric wall.
These preparations were stored at y848C.



( )Z.-L. Huang et al.rEuropean Journal of Pharmacology 360 1998 139–146 141

The control rats were quickly transferred from the home
cage to an adjacent room, and decapitated immediately.
The dorsal skin and oxyntic mucosa from the control rats,
were obtained and prepared as described above.

2.6. Determination of the histamine content of the tissue
preparations by high performance liquid chromatography
( )HPLC -fluorometry

The concentration of histamine in the plasma, and in the
tissue homogenates, was determined by an HPLC-fluo-

Žrometry technique Yamatodani et al., 1985; Guo et al.,
.1997 . Fifty microliters of each plasma sample, was di-

luted with 350 ml of 0.46 M perchloric acid; this was
centrifuged at 10 000=g for 15 min at 48C. The super-
natant was obtained, and 50 ml of this was injected
directly into a column packed with the TSKgel SP2SW

Ž . ŽCation Exchanger 150=6 mm i.d. Tosoh, Tokyo,
.Japan . Histamine was eluted with 0.25 M potassium

phosphate, at a flow rate of 0.6 mlrmin. The histamine
was post-labeled with o-phthalaldehyde in an alkaline
condition, and detected fluorometrically in an F1080 Fluo-

Ž .rometer Hitachi, Tokyo, Japan , using excitation and
emission wavelengths of 360 and 450 nm, respectively.

Each tissue preparation of dorsal skin and gastric mu-
cosa, was weighed, and then promptly homogenized in 4

Žvolumes of ice-cold potassium phosphate buffer 0.1 M,
. XpH 6.8 , which contained 0.01 mM pyridoxal 5 -phosphate,

Ž0.2 mM dithiothreitol, 1% polyethylene glycol average
.molecular weight, 300 , and 100 mgrml of phenylmethyl-

Žsulfonyl fluoride, using a polytron homogenizer Kine-
.matica, Lucerne, Switzerland . One hundred microliters of

the homogenate from each tissue preparation, was mixed
with 900 ml of 0.46 M perchloric acid. This was cen-
trifuged at 10 000=g for 15 min at 48C. The supernatant
was obtained, and 100 ml of the supernatant was diluted
10 times with 5 mM Na EDTA. Fifty microliters of this2

solution was injected into the HPLC system.

2.7. Determination of the leÕel of histidine decarboxylase
actiÕity

The remaining homogenate of each of the gastric mu-
cosa preparations, was used to determine the level of
histidine decarboxylase activity, using the methods de-

Ž .scribed by Watanabe et al. 1980 , and Sugimoto et al.
Ž .1995 . Eight hundred microliters of the homogenate from
each preparation, was centrifuged twice at 10 000=g for
15 min at 48C. The resultant supernatant was dialyzed
against 100 volumes of the potassium phosphate buffer at
48C; this procedure was carried out three times. The
enzyme solution was incubated with 0.25 mM L-histidine
for 1 h at 378C. The amount of histamine was quantified in
the HPLC-fluorometry system. The protein content of each
enzyme solution was measured using a Bio-Rad protein

Ž .assay kit Bio-Rad, Richmond, CA ; bovine serum albu-
min was used as the standard.

2.8. Statistical analysis

The concentration of histamine in the plasma, is ex-
pressed as pmolrml. The histamine content of the skin and
the gastric mucosa, is expressed as nmolrg wet tissue

Žweight. All data are expressed as means"S.E.M. ns5
.in each experimental group of rats . Two-way analysis of

variance, followed by the Scheffe test, were used to deter-
mine if the difference between two groups is statistically
significant. A probability value of less than 0.05 was
considered to be statistically significant.

3. Results

3.1. Effect of water immersion stress on the plasma
histamine concentration of the Wistar rats

The mean basal level of histamine in the plasma of the
freely moving Wistar rats, was 100"4 pmolrml. This
level was maintained throughout the sampling period, as
shown in Fig. 1.

In the rats exposed to water immersion stress for a 6 h
period, the plasma histamine level increased four-fold in
the first 15 min. The plasma histamine level then de-
creased, although it did not return to the basal level.
Thereafter, a sustained, elevated plasma histamine level,
was observed over the entire 6 h period of stress exposure.
Thus, there are two components to the stress-induced
increase in plasma histamine level. The first is an acute,
initial elevation in the plasma concentration of histamine,
which reached a maximal value at 15 min after initiation
of water immersion stress. The second is a sustained
elevation in plasma histamine concentration, at a concen-

Fig. 1. Plasma concentration of histamine in Wistar rats exposed to water
Ž . Ž .immersion stress for 6 h v , and under the freely moving condition ` .

The freely moving rats served as the control group. Each data point
Ž .represents the mean"S.E.M. ns5 . )) P -0.01 compared to the

respective value in the control group.
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tration which was two-fold higher than the basal level in
the freely moving rats.

3.2. Effect of water immersion stress on the plasma
histamine concentration in the qrq and WsrWs rats

Fig. 2a shows the effects of water immersion stress on
the plasma histamine level in the qrq rats. The basal
level of plasma histamine concentration in the qrq rats,
was 91"10 pmolrml under the freely moving condition.
This is nearly equivalent to that of the Wistar rats. Water
immersion stress induced a change in plasma histamine
concentration in the qrq rats, similar to that seen in the
Wistar rats. That is, during stress exposure, there was an
initial, acute increase in plasma histamine concentration by
four-fold, and a second, lower, sustained elevation.

In the WsrWs rats, the basal level of plasma histamine
concentration, was 52"3 pmolrml, which is half the
value in the Wistar and qrq rats. In addition, the initial,
acute increase in plasma histamine concentration was not

Ž . Ž .Fig. 2. Plasma concentration of histamine in qrq a and WsrWs b
Ž .rats exposed to water immersion stress for 6 h v , and under the freely

Ž .moving condition ` , respectively. The freely moving rats served as the
Ž .control group. Each data point represents the mean"S.E.M. ns5 .

)) P -0.01 compared to the respective value in the control group.

Table 1
Histamine content of the dorsal skin of Wistar and WsrWs rats exposed
to water immersion stress for various lengths of time

Wistar WsrWs

Control 234.34"16.15 0.46"0.02
aStress for 15 min 188.72"20.88 ND
aStress for 1 h 187.54"21.43 ND
aStress for 4 h 170.93"17.73 0.47"0.04

Ž .Data represent the means"S.E.M. ns5 , in nmolrg wet tissue weight.
aP -0.05, compared to the value in the respective control group.
ND, not determined.

Ž .observed Fig. 2b . There was only a relatively small,
sustained elevation in the plasma histamine level during
the 6 h period of stress exposure, compared to that in the
Wistar and qrq rats.

3.3. Effect of water immersion stress on the histamine
content of the skin of the Wistar and WsrWs rats

Table 1 shows the effect of water immersion stress on
the histamine content of the dorsal skin of the Wistar and
WsrWs rats. The histamine content of the skin of Wistar
rats not exposed to stress, was 234.34"16.15 nmolrg wet
tissue weight. In Wistar rats which were sacrificed after
being exposed to stress for 15 min, the histamine content
of the skin was 20% lower than that in the freely moving
rats. In Wistar rats which were sacrificed after being
exposed to stress for 1 and 4 h, no further decrease in the
histamine content of the skin, was seen.

The histamine content of the skin of the WsrWs rats,
was only 0.2% of that of the Wistar rats. In addition, the
histamine content of the skin of WsrWs rats exposed to
stress for 4 h, had not changed.

3.4. Effect of water immersion stress on the plasma
histamine concentration of the gastrectomized Wistar
and gastrectomized WsrWs rats

The basal level of plasma histamine in the gastrec-
tomized Wistar rats under the freely moving condition,
was 94"2 pmolrml. This value does not differ signifi-
cantly from that of the non-gastrectomized Wistar rats. In
the gastrectomized Wistar rats which were exposed to
water immersion stress, an initial, acute increase in plasma
histamine concentration by 2.5-fold, was seen. Thereafter,
the plasma histamine concentration decreased to the basal
level by 1 h, and it remained at the basal level up through

Ž .6 h Fig. 3a .
In the gastrectomized WsrWs rats, the basal level of

plasma histamine concentration was very low at 24"1
pmolrml. Upon exposing these rats to stress, neither the
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Ž .Fig. 3. Plasma concentration of histamine in gastrectomized Wistar a
Ž . Ž .and WsrWs b rats exposed to water immersion stress for 6 h v , and

Ž .under the freely moving condition ` , respectively. The freely moving
rats served as the control group. Each data point represents the mean"

Ž .S.E.M. ns5 . )) P -0.01 compared to the respective value in the
control group.

initial, acute increase, nor the second, sustained increase in
Ž .plasma histamine level, was observed Fig. 3b .

3.5. Effect of water immersion stress on the histamine
content and leÕel of histidine decarboxylase actiÕity in the
gastric mucosa of the Wistar and WsrWs rats

Table 2 shows the histamine content, and level of
histidine decarboxylase activity, in the gastric mucosa of
Wistar rats and WsrWs rats exposed to water immersion
stress for 4 h. The histamine content of the gastric mucosa
of the Wistar rats not exposed to stress, was 501.95"31.83
nmolrg wet tissue weight. The histamine content of the

gastric mucosa of Wistar rats exposed to stress for 4 h, was
24% lower than that in the Wistar rats not exposed to
stress. Histidine decarboxylase activity in the mucosa of
the Wistar rats exposed to stress for 4 h, was 2.2-fold
higher than that in the Wistar rats not exposed to stress.

Similar results were obtained in the gastric mucosa of
the WsrWs rats. The histamine content of the gastric
mucosa of the WsrWs rats not exposed to stress, was in a
similar range at 597.53"44.99 nmolrg wet tissue weight.
In the WsrWs rats exposed to stress for 4 h, the histamine
content in the gastric mucosa was 20% lower, and the level
of histidine decarboxylase activity was 2.2-fold higher,
than the respective value in the WsrWs rats not exposed
to stress.

4. Discussion

The present study clearly shows that exposing Wistar
and qrq rats to water immersion stress induced a bipha-
sic increase in the plasma histamine level over 6 h. The
basal plasma histamine level in both the Wistar and qrq
rats under the freely moving condition, were equivalent.
The plasma histamine level of both the Wistar and qrq
rats, changed in a similar manner upon exposure to water

Ž .immersion stress Figs. 1 and 2a . Thus, there is no
fundamental difference in the response of the plasma
histamine level to water immersion stress between these
two strains. However, when WsrWs rats, which lack
connective tissue-type mast cells, were exposed to stress,
the initial, acute increase in plasma histamine level, was

Ž .not seen Fig. 2b . This indicates that, upon exposure to
stress, the initial increase in plasma histamine is due to
release of histamine from mast cells.

This finding was further confirmed by the results ob-
tained from the gastrectomized animals. In gastrectomized
Wistar rats, two types of cells in the periphery store
histamine, mast cells and basophils. In gastrectomized rats,
the initial, acute increase in plasma histamine concentra-
tion upon exposure to stress, should be derived from these
two stores. Furthermore, in gastrectomized WsrWs rats,
only basophils in the periphery contain histamine; upon
exposure to stress, no response in the plasma histamine

Ž .level was seen Fig. 3b . These results clearly indicate that,

Table 2
Ž .Histamine content and level of histidine decarboxylase HDC activity in the gastric mucosa of Wistar and WsrWs rats

Wistar WsrWs

Histamine content HDC activity Histamine content HDC activity

Control 501.95"31.83 4.69"0.76 597.53"44.99 6.13"0.65
a a a aStress for 4 h 383.67"21.51 10.22"0.76 486.55"24.18 13.16"2.29

Ž .Data represent the means"S.E.M. ns5 .
Histamine content is expressed as nmolrg wet tissue weight.
Histidine decarboxylase activity is expressed as pmolrminrmg protein.
aP-0.05, compared to the value in the respective control group.



( )Z.-L. Huang et al.rEuropean Journal of Pharmacology 360 1998 139–146144

upon exposure to water immersion stress, the initial, acute
increase in plasma histamine concentration in Wistar rats,
is due to induction of histamine release from mast cells; it
is unlikely that basophils are involved in the increase in
plasma histamine level.

Mast cells are localized predominantly in association
with the blood vessels in the subepithelial connective
tissue of the bronchi, conjunctiva, gut, skin and the peri-

Ž .toneal cavities Leung and Pearce, 1984 . Although the
mast cells which underwent degranulation and released
histamine in response to stress, could not be localized, we
confirmed that the histamine content in the dorsal skin of
Wistar rats decreased by 30% while exposed to water

Ž .immersion stress for 4 h Table 1 . The histamine content
of the skin of WsrWs rats was 0.2% of that obtained from
the Wistar rats. This result is in accordance with that

Ž .reported by Onoue et al. 1993 . In the WsrWs rats
exposed to water immersion stress for 4 h, no reduction in
the histamine content of the skin was observed. These
findings suggest that mast cells, at least in the skin,
contributed to the increase in the plasma histamine level
caused by stress.

It is well known that the release of histamine and other
chemical mediators from mast cells is caused by an im-
munological reaction; that is, an antigen interacts with IgE
bound to the surface of mast cells. In the present study,
however, no exogenous antigen was administered to the
animals during the exposure to stress. Thus, water immer-
sion stress facilitated mast cell degranulation and his-
tamine release through a non-immunological reaction. In
our previous study, stimuli including the insertion of injec-
tion needles, and also the infusion of saline into the
subplantar space of the rat hind paws, increased the subcu-
taneous level of histamine, which was measured by an in

Ž .vivo microdialysis method Guo et al., 1997 . This strongly
suggests a functional link between the mast cells and the
peripheral nervous system. Some previous studies support
this idea. Mast cells are in direct anatomical contact with
neuropeptide-containing sensory nerves, and electrical
stimulation of these nerve fibers induces the degranulation

Ž .of mast cells Dimitriadou et al., 1991; Oura et al., 1992 .
In addition, it has been suggested that neuropeptides, such
as substance P and neurokinin A, which are released from
sensory neurons, stimulate the release of histamine from

Žmast cells Joos et al., 1994; Horsmanheimo et al., 1996;
.Hua et al., 1996 . Furthermore, it has also been reported

that application of a cold water stress to rats, induces the
Žrelease of substance P into the peritoneal cavity Zhu et al.,

.1996 . It has also been shown morphologically that an
acute immobilization stress induces the degranulation of

Ž .mast cells in the dura Theoharides et al., 1995 , and in the
Ž .bladder Spanos et al., 1997 , of rats. All of these findings

suggest the existence of neuronal control of histamine
release from mast cells. The results from the present study
provide direct evidence of this. The method used in this
study may be useful for studying the mechanism underly-

ing the allergic response, which is caused by the central
and peripheral nervous system.

The second, sustained elevation in plasma histamine
Ž .concentration, was seen in the Wistar rats Fig. 1 , qrq

Ž . Ž .rats Fig. 2a , and the WsrWs rats Fig. 2b , but not in the
Ž .gastrectomized rats Fig. 3a and b . These results indicate

that the second phase of histamine increase, originated
from gastric histamine-storing cells, probably ECL cells.
After exposure to stress for 4 h, the histamine content in
the gastric mucosa, where ECL cells are localized, had
decreased by 20%, while histidine decarboxylase activity
was enhanced by two-fold, in both the Wistar and WsrWs

Ž . Ž .rats Table 2 . Asahara et al. 1996 , reported that, in rats
exposed to water immersion stress for 6 h, the level of
histidine decarboxylase mRNA in the rat stomach was five
times higher than that in the rats not exposed to stress.
These findings suggest that, during stress exposure, ECL
cells are stimulated to produce histidine decarboxylase and
increase the amount of histamine released.

It is believed that ECL cells are activated by mecha-
nisms mediated by gastrinrcholecystokinin B receptors,
muscarinic M receptors, b-adrenoceptors, and vasoactive1

Ž .intestinal polypeptide receptors Sandor et al., 1996 . Ma
Ž .et al. 1993 , reported that the serum concentration of

gastrin in rats, increased significantly during the applica-
tion of an immobilization stress for 1 h. In our previous
study, we found that an infusion of pentagastrin into the
jugular vein of rats, increased the concentration of plasma
histamine in a dose-dependent manner, and enhanced histi-
dine decarboxylase activity in the glandular stomach
Ž .Watanabe et al., 1996 . A similar effect of gastrin on
histamine release has been reported in studies on the

Ž .oxyntic mucosa Gerber and Payne, 1992 , and the isolated
Ž .ECL cells of rats Chen et al., 1994 . However, the

Ž .peritoneal mast cells of rats Watanabe et al., 1996 , and
mucosal mast cells prepared from the canine oxyntic mu-

Ž .cosa Soll et al., 1988 , did not show any response to
gastrin. These findings suggest that gastrin is a candidate
hormone which mediates the activation of ECL cells in-
duced by stress.

There was, however, a smaller increase in plasma his-
tamine concentration in WsrWs rats exposed to water
immersion stress, compared to that in the Wistar and

Ž .qrq rats Fig. 2b . The ulcer index in the gastric mucosa
of the WsrWs rats, is also much smaller than the ulcer

Ž .index of the Wistar rats data not shown . However, the
histamine content and level of histidine decarboxylase
activity in the gastric mucosa of the Wistar and WsrWs
rats, before and after exposure to stress, were in the same

Ž .range Table 2 . A possible explanation for the effect of
water immersion stress on histamine release and gastric
mucosal damage in WsrWs rats, would be the contribu-
tion of mast cells to gastric mucosal damage. It is clear
that mast cells released histamine soon after the rats were
exposed to stress, and that mast cells are responsible for
the initial, acute increase in plasma histamine level. If we
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assume that the initial, acute increase in plasma histamine
level led to the development of gastric mucosal damage,
the extent of gastric mucosal damage might be smaller in
the WsrWs rats, because of the absence of the initial,
acute increase in plasma histamine level in the WsrWs
rats exposed to stress. Moreover, the initial, acute increase
in the plasma histamine level of the gastrectomized Wistar

Ž .rats Fig. 3b , is smaller than that observed in the non-
gastrectomized Wistar rats, although the basal level of
plasma histamine concentration in these two groups of rats,
are in the same range. Thus, there may be a considerable
number of connective tissue-type mast cells in the stom-
ach, and not in the mucosa, which could degranulate and
release histamine immediately after exposure to stress. In a
previous study, we compared the histamine content of the
stomach fundus of qrq and WsrWs rats, and found that
almost half of the histamine content of the stomach fundus

Žoriginated from connective tissue-type mast cells Onoue
.et al., 1993 . Therefore, the local concentration of his-

tamine in the stomach would be affected by the degranula-
tion of mast cells induced by stress. Taking these findings
into consideration, we rather suppose that the second,
sustained elevation in plasma histamine level, includes not
only the histamine released from ECL cells in response to
water immersion stress, but also the histamine which leaks
from ECL cells that are damaged during exposure to stress.
This is similar to the mechanism proposed in the study on
gastric mucosal damage caused by administration of acetic

Ž .or salicylic acid Johnson and Overholt, 1967 . Damage to
the gastric mucosa would begin immediately after the
onset of water immersion stress, and mucosal damage
would develop gradually over several hours. The sustained
increase in plasma histamine concentration, would be a
result of the damage to ECL cells. This idea would account
for the smaller increase in plasma histamine concentration,
and the lesser degree of damage to the gastric mucosa of
WsrWs rats, compared to that in the wild-type animals.

In conclusion, the present study showed that water
immersion stress caused a biphasic increase in plasma
histamine concentration in normal rats. The initial, acute
increase in plasma histamine concentration originated from
mast cell degranulation, and the second, sustained eleva-
tion originated from ECL cells. We suggest that histamine
released in the periphery, participates in the physiologic
and pathogenic process induced by stress, and in the
development of gastric mucosal damage.
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