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Histamine response in developing chick oesophagus

A pharmacological analysis of the response to histamine in the oesophagus of developing chick
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Abstract

Developmental changes in response to histamine were investigated in the oesophagus isolated from the
chick between 15 days of incubation and 15 days after hatching. The contraction could be already
caused by histamine (20 uM) in the chick oesophagus from 15 days of incubation. The pD, values for
histamine and acetylcholine did not change during the period between 17 days of incubation and 5
days after hatching. The response to histamine (20 uM) was extremely resistant to tetrodotoxin
(0.78 uM), procaine (0.2 mM) and atropine (1 pM) during the period between 17 days of incubation
and 20 days of incubation. The tetrodotoxin-resistant response was replaced by a tetrodotoxin-sensitive
response after hatching. On the other hand, the neuronal response induced by transmural electrical
stimulation (20 Hz) or dimethylphenylpiperazinium (20 pM) was uniformly sensitive to tetrodotoxin
throughout the periods. Mepyramine (2 uM), but not metiamide (20 pM), inhibited the histamine-in-
duced responses in every age tested. These results suggest that the myogenic receptivity of histamine
transiently increases during the terminal period of embryonic development and declines after hatching.

Introduction age of the rabbit increased, a phenomenon which
the author explained by a loss of the myogenic

The response to histamine in alimentary tracts is . .
histamine H, receptor.

known to differ greatly between species and tis-

sues [1, 2]. Particularly, the receptor of histamine In the chick oesophagus, the action of histamine

is divided into H, and H, subtypes and histamine
may act either directly on the smooth muscle or
indirectly via nerve elements depending on the
species and organs [2]. However, only little is
known concerning age- or development-related
change in the action of the biogenic amine hista-
mine, though much information has been avail-
able about other several drugs including
neurotransmitter {3, 4] and neuropeptide [5]. Bot-
ting [6] showed in the neonatal rabbit ileum that
the contractile response caused by histamine de-
creased in both amplitude and sensitivity as the

scems to be different in nature from the action in
other portions of the chick alimentary tract [2].
Histamine has been reported to contract the chick
oesophagus indirectly via cholinergic nerve el-
ements, as the contraction was sensitive to atro-
pine, cocaine [7] or morphine [8] besides mepyra-
mine. Autonomic innervation in this preparation
has been reported to be predominantly choliner-
gic in nature [9, 10]. Little is known on the devel-
opment change in the neuronal action of hista-
mine, especially in the period of embryonic devel-
opment.
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In the present study, therefore, the developmental
change of the response induced by histamine was
investigated in the oesophagus isolated from the
chick before and after hatching. In the course of

this investigation, it was noticed that histamine-'

induced response in the preparation during ter-
minal period of embryonic development was re-
markably insensitive to tetrodotoxin (TTX), sug-
gesting a direct action of histamine on the smooth
muscle in contrast to the preparation after haich-
ing. This suggests that the mode of action of hista-
mine changes during the short period of the
development of the chick.

Materials and methods

Fertilized eggs and hatched chicks (Shaber Star
Cross) were used. The eggs were maintained in a
humidified incubator at 38+0.5 °C until the time
of experiments. The chicks examined were from
15 days of incubation to 15 days after hatching.
The segment of oesophagus upward from the
crop, about 1-2 cm long, was isolated from the
embryos or the chicks, which had been killed by
stunning. The preparation was immersed in a 5 or
20 ml organ bath filled with modified Krebs solu-
tion. The composition of the solution was (mM):
NaCl 118.0; KCl 4.75; CaCl, 2.5; MgSO, 1.2;
KH,PO, 1.2; NaHCOj; 25.0 and glucose 11.5. The
solution was saturated with mixture of 95% O,
and 5% CO, (pH7.4) and kept at 371 1°C. The
preparation was allowed to equilibrate for 60 min
before the commencement of any other exper-
imental procedure. The mechanical response of
the muscle segment was recorded on isotonically
or isometrically on a pen writing recorder with
mechanoelectrical transducers. Electrical field
stimulation was applied to the muscle segment
via coaxial Ag/AgCl electrodes [11] with trains of
rectangular  pulse  (supramaximal  voltage,
0.5 msec duration) at various frequencies. Drugs
were applied to the organ bath with a micropi-
pette. As the amplitudes of contractile responses
induced by drugs and electrical field stimulation
greatly changed with the developmental age of
the chick, the degree of all responses were ex-
pressed as a percentage of hypertonic potassium
(K*, 80 mM) contracture. The statistical signifi-
cance of the differences of means was analyzed by
Student’s ¢-test and a P value of 0.05 or less was
considered statistically significant.
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Drugs used and their source were; acetylcholine
chloride (ACh), atropine sulphate, eserine sul-
phate (physostigmine), procaine hydrochloride
(Wako Chemical, Japan), 1-1-dimethyl 4-phenyl
piperazinium iodide (DMPP, Tokyo Kasei, Ja-
pan), histamine dihydrochloride, mepyramine
maleate, tetrodotoxin (TTX, SIGMA, USA) and
metiamide (Smith Kline & French).

Results

Histamine-induced responses in several
developmental ages

Histamine caused a contraction in the chick
oesophagus isolated from 15 days of incubation to
15 days after hatching in a dose dependent man-
ner (1-100 uM). The maximal contraction in-
duced by histamine was obtained at about 30 uM.
Acetylcholine (ACh, 0.1-100 uM) also produced
a similar contraction. The developmental changes
of calculated pD, values for histamine and ACh
are shown in Fig. 1. Because of the difficulty in
distinguish between spontaneous contractions
and contractions evoked by lower concentrations
of histamine and ACh, an attempt to make a dose
response curve was not successful in preparations
earlier than 15 days of incubation. The pD, val-
ues of histamine at various ages of the chick were
not significantly different from 17 days of incu-
bation to 5 days after hatching and the mean val-
ue was about 5.8. But these values decreased
gradually from 5 day after hatching as described
by Bartlet and Hassan [7]. On the other hand, the
pD, values for ACh were not significantly dif-
ferent in the chick 17 days of incubation, 21 days
of incubation and 15 days after hatching, suggest-
ing no change in sensitivity to ACh until 15 days
after hatching. These findings suggest that the
sensitivity of chick oesophagus to histamine and
ACh did not greatly change in the period around
hatching, at least during the period between 17
days of incubation and 5 days after hatching.

Effect of tetrodotoxin on histamine-induced
responses during the period around hatching

In the oesophagus isolated from the chick after
hatching, the contraction induced by histamine
was observed to be sensitive to atropine, cocaine
[7] and morphine [8], suggesting preferentially the
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The pD, values for histamine (His) and acetylcholine (ACh) in the preparation at different ages. Ordinates indicate pD,. Mean pD,
values (O) for ACh (a) and His (b), calculated from each dose-response curve, in 3-8 preparations are plotted as a function of age
(day). The SEM bars are only shown when they exceed the dimensions of the symbols used.
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Effect of TTX on contractile responses induced by the application of 80 mM potassium chloride (K* 80 mM, &), dimethyl phenyl
piperazinium (DMPP 20 uM, ®) and histamine (His 20 uM, ®), and electrical field stimulation (TMS, 20 Hz, O) in the preparation
at 19 days of incubation (a) and 3 days after hatching (b). Arrows (I ) indicate the exposure of tetrodotoxin (TTX, 0.78 uf), Note
that His response in the preparation at 19 day of incubation was resistant to the treatment of TTX. Vertical scales, 5 mm; horizontal
scale, 2 min (isotonic recording).
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indirect action of histamine via some cholinergic
link. We investigated the response caused by
histamine in the oesophagus from the chick be-
fore and after hatching using tetrodotoxin (TTX)
and we found that the sensitivity of histamine-in-
duced contractions to TTX was greatly different
in the preparations. before and after hatching.
Fig. 2 shows typical traces of the effect of TTX
(0.78 pM) on the histamine responses at two dif-
ferent stages. In the preparation at 19 days of
incubation, the preceding treatment of TTX was
not effective in reducing the contraction induced
by histamine (20 uM), though histamine response
at 3 days after hatching was markedly suppressed
in the presence of TTX. On the other hand, nerve
mediated contractions induced by electrical field
stimulation (20 Hz) or DMPP (20 uM) appli-
cation were completely prevented by TTX in both
preparations, suggesting that the effect of TTX on
the nerve excitation was not greatly different be-
tween these preparations. The same effects of
TTX on the histamine response were observed in
several preparations before (n=5) and after
hatching (n=3). The extent of inhibition of
histamine response by TTX did not change by an

increase in the concentration of TIX up to.

1.56 uM.

Furthermore, procaine (0.2 mM) which has simi-
lar inhibitory effects on the nerve excitation was
also effective in reducing the histamine response
only in the preparations after hatching as shown
in Table 1. The response to histamine was resis-

Table 1

The effect of procaine (0.2 mM) on the responses to histamine
(His, 20 pM), DMPP (10 uM) and ACh (5 puM) in the oeso-
phagus of developing chick. The responses were expressed as
percentages (meant SEM) of the response induced by 80 mM
KCi. ID20 and SAH represent the age of chick at 20 days of
incubation and 5 days after hatching.

Age (Control) (Treated with procaine)
His DMPP ACh His DMPP ACh
20uM 10pM SuM 20uM 10pM 5uM

1D20 99.2 76.6 97.6 89.1 0 71.9

(n=3) +3.1 108 t4.1 66 - *9.1

AH5 97.1 98.0 96.0 8.1*% 0 74.4%

(n=5) +19 * 22 $20 +£20 - *23

* P<0.05 compared to control response.

217

a
1001
o
]
[
& 501 +¢ +
Tl e e ¢
. .* N é ¢ ¢
ol_o ¢ ® oo o o
N ® 7 9 21 3 5 7 W
100+

AR
s led ¢
gso- +
¢ IR

*

®
0-
~f frr————r——— T ————y
d15 é’f? v 21 3 5 7 10
ays )
incubation days after hatching

Figure 3

Effect of TTX on responses to histamine (His) at different ages.
a: His (2 uM). b: His 20pM). Ordinates indicate the con-
traction induced by His as a percentage of the response of the
tissue to 80 mM K*. The abscissa indicates the developmental
ages as days. Each point is the mean amplitude of contraction in
the control (O) or TTX (0.78 uM)-treated (®) preparations
(n=3-9) and the SEM bars are only shown when they exceed
the dimensions of the symbols used. * P<0.05 compared to
control response at different age.

tant to the treatment of procaine in the 20 days of
incubation (about 90% to control response) and
sensitive to the treatment in 5 days after hatching
(about 8% to control response). The remarkable
resistance of histamine response to TTX and pro-
caine suggested that the mode of action of hista-
mine on the chick oesophagus was different in the
development age and that in the oesophagus dur-
ing the terminal period of embryonic devel-
opment, histamine was capable of causing a con-
tractile response without the excitation of neu-
ronal elements.
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His

ACh

His DMPP

Effects of atropine and physostigmine on responses to histamine (His), dimethyl phenyl piperazinium (DMPP) and acetylcholine
(ACh) in the preparation before and after hatching. Open column: control responses to His (20 and 1 ua), DMPP (20 and 2 pM)
and ACh (5 and 0.2 pM) in A and B, respectively. Dotted column: the responses after treatment of atropine (1 uM, A) or physostig-
mine (50 nM, B). a: 20 days of incubation. b: 3 days after hatching, Ordinates indicate the contraction induced by each drug as a
percentage of the response of the tissue to 80 mM K*. Each column is the mean amplitude of responses in 3—6 preparations and

vertical bars show SEM. * P < 0.05 compared to control response.

Developmental change of TTX -resistant response
to histamine

The degree of resistance of the histamine response
to TIX was examined throughout the devel-
opment of the chick. The histamine (2 and
20 uM)-induced responses and the effect of TTX
on these responses at several ages is shown in
Fig. 3. The response caused by 20 pM of hista-
mine, at which concentration about maximum ef-
fect was obtained, increased with development
until 19 days of incubation (Fig. 3b). The degree
of histamine response thereafter was maintained
at a relatively constant level and was compatible
with that of an 80 mM K™* contracture. TTX

(0.78 M) failed to inhibit significantly the re-
sponse in the preparations between 17 and 20
days of incubation, while it inhibited the response
by about 50% in the preparation at 15 days of
incubation. In the preparations after hatching,
histamine response came to be greatly inhibited
by TTX, again. The degree of inhibition gradually
increased with age and was 90+ 1% at 10 days af-
ter hatching (Fig. 3b). The effect of TTX on the
response evoked by a low concentration (2 uM) of
histamine, the amount needed to induce about
half maximum effect, was qualitatively similar to
that in a higher concentration of histamine,
though the responses tended to be more sensitive
to TIX (Fig. 3a). Thus, TTX-resistant responses
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of histamine was remarkable at the terminal peri-
od of embryonic development and it then rapidly
decreased with the age of the chick.

Effects of atropine and physostigmine
on TTX-resistant responses caused by histamine
in the preparation before hatching

The effects of atropine and physostigmine on the
histamine response were compared between
preparations before and after hatching in order to
further elucidate whether TIX-resistant con-
tractions to histamine before hatching was not
due to the release of ACh from cholinergic
nerves.

Atropine (1 pM), which completely prevented the
maximum contraction caused by ACh (20 pM)
did not inhibit the contraction induced by hista-
mine (20 pM) in the preparation at 20 days of
incubation (n=3, Fig. 4Aa), whereas the re-
sponse to histamine at 3 days after hatching was
inhibited remarkably by 785%88% (n=3,
Fig. 4 Ab) as earlier observations [7, 8]. In addi-
tion, the contraction produced by DMPP appli-
cation (20 uM), which resulted from the exci-
tation of nerve elements was reduced to the same
extent (about 70%) by the treatment of atropine
in both preparations. On the other hand, the
pretreatment of physostigmine (50 nM) potentiat-
ed all of the responses to the three drugs (hista-
mine 1pM, DMPP 2 uM, ACh 0.2 ypM) in the
preparations both before and after hatching
(n=3, Fig. 4B).

In connection with these findings on the effect of
TTX, the results of this experiment suggest that in
the preparations immediately before hatching,
histamine at a high concentration was capable of
causing a contraction mostly without the release
of ACh by the excitation of cholinergic nerve el-
ements in contrast to the preparations after hatch-
ing.

Lffects of histamine antagonists on TTX-resistant
responses induced by histamine

The effect of receptor antagonists on the TTX-re-
sistant contraction induced by histamine was ob-
served to clarify the receptors by which the TTX-
resistant response was mediated.

Mepyramine (2 pM), a specific H,-antagonist, al-
most completely blocked the response produced
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Effects of the anti-histaminergic drugs on the response to hista-
mine (His). a: 19 days of incubation. b: 3 days after hatching.
Open column: His response (20 pf). Dotted column: dimethyl
phenyl piperazinium (DMPP) response (20 uM). The responses
after the treatment of mepyramine (2 uM) and metiamide
(20 uM) are shown. Ordinates indicate the contraction induced
by His or DMPP was expressed as a percentage of the response
of the tissue to 80 mM K*. Each column is the mean amplitude
of His or DMPP responses in three preparations and vertical
bars show SEM. * P < 0.05 compared to control response.

by histamine in the preparations both before and
after hatching without an any effect on the DMPP
(20 uM) response. On the other hand, metiamide
(20 pM), an H,-blocker, was not effective in the
inhibition of the histamine responses in either be-
fore and after hatching (Fig. 5).

It is evident from these experiments that TTX-re-
sistant responses of histamine on the chick
oesophagus were mediated by histamine H;-re-
ceptors, as TTX-sensitive response was so.
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Discussion

In the present experiment, the development of
histamine-induced response on the oesophagus
isolated from the chick was examined between
the period from 15 days of incubation to 10 days
after hatching. A histamine-induced contraction
was already possible in the oesophagus prepared
from 15 days of incubation. On the basis of the
pD, values calculated from dose-tesponse curves,
it seemed likely that the sensitivity of histamine
on the oesophagus did not change during the
period from 17 days of incubation to 5 days after
hatching. The sensitivity, thereafier, declined pro-
gressively with age, in agreement with the earlier
description [7] that the oesophagus from older
birds (more than 2 weeks) were much less sensi-
tive to histamine. The decrease in sensitivity to
histamine in the postnatal periods was also re-
ported in the smooth muscle of the ileum [6] and
trachea [12] of the rabbit. On the other hand, the
sensitivity (pD, value) to ACh did not change
during the same periods examined. This ob-
servation was consistent with the many reports on
the smooth muscles of the gastrointestinal tract of
the guinea-pig [3], rabbit [13] and rat [4].

The mode of action of histamine observed in the
period was, however, different in nature. In the
oesophagus isolated from the chick after hatch-
ing, the contraction produced by histamine was
greatly inhibited by TTX and atropine, in agree-
ment with the earlier findings [7, 8] that the action
of histamine on the chick oesophagus was pre-
dominantly indirect via cholinergic nerve el-
ements. However, we observed here that the con-
tractile response induced by histamine in the
oesophagus immediately before the time of
hatching was extremely insensitive to TTX, pro-
caine and atropine. There are several possible
mechanisms whereby the action of histamine was
insensitive to these drugs. One possible expla-
nation is that the sensitivity of nerve elements to
TTX is very low in the oesophagus immediately
before hatching. This possibility could be ruled
out, however, since the response to nerve exci-
tation induced by DMPP application or electrical
nerve stimulation was similarly abolished in both
the preparations before and after hatching. Fur-
thermore, the degree, to which TTX caused a re-
duction of the histamine response did not change
by an increase in the concentration of TIX. As
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another alternative, the increase in the sensitivity
of ACh also may be involved in the difference in
sensitivity to these agents before and after hatch-
ing. However, in the preparations during the peri-
od examined, the sensitivity of ACh remained
constant. The most reasonable explanation, there-
fore, appears to be that most of the histamine re-
sponse in the oesophagus immediately before
hatching is not due to an indirect action via the
excitation of cholinergic nerves as in the case afier
hatching, but to a direct action on the smooth
muscle itself. On the other hand, the TTX-resis-
tant responses to histamine were sensitive to
mepyramine, but not metiamide, indicating that
both pre- and post-hatching responses to hista-
mine were elicited by the excitation of H,-re-
ceptors on the smooth muscles or cholinergic
nerves.

The resistance of histamine response to TIX was
remarkable in the preparations immediately be-
fore hatching (specially between 19 and 20 days
of incubation) in two different concentrations (2
and 20 uM) of histamine. However, the degree of
the resistance was somewhat lower in a low con-
centration (2 uM) of histamine. Physostigmine
could potentiated the response elicited by a low
concentration (1 pM) of histamine in the oesoph-
agus even before hatching. It is likely that the
nerve-mediated action also partially contributes
to the response induced by histamine especially
in low concentrations. In the preparations im-
mediately before hatching, neurogenic action of
histamine may not be noticed, since histamine
acts predominantly on the smooth muscle. After
hatching, by way of contrast, the myogenic action
may be reduced and the neurogenic action may
become predominant. Such a change in the re-
ceptive site of drugs in relation to development
has been observed in the effect of two neuropep-
tides, though the direction of the change was the
reverse of our observations. On the basis of the
sensitivity to TTX, Tonoue et al. [5] reported that
the effect of the thyrotropine releasing hormone
on the rat duodenum changed a neurogenic con-
traction to a myogenic relaxation during postna-
tal development. And, the relaxation induced by
methionine enkephaline was also reported to
change from neurogenic to myogenic during the
course of postnatal development in the same
preparation [14].
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Data on factors by which the change in the re-
ceptive site occurs are not available. In the rat
duodenum, Tonoue et al. [5] presumed that suck-
ling may be related to the disappearance of the
neurogenic contraction induced by the thy-
rotropin-releasing hormone. In the chick embryo,
a transient subsensitivity to catecholamine during
the period immediately before hatching was
known to occur widely in the cardiovascular sys-
tem [15]. Higgins and Pappano [16] have pro-
posed a hormonal effect on the sensitivity of tis-
sues to catecholamine as one of the factors.

The TTX-resistant response of the histamine,
which seemed to be myogenic, increased in the
terminal period of embryonic development and
decreased drastically after hatching. This decline
of myogenic histamine response was compatible
with the observation that in the rabbit ileal
smooth muscle, histamine-induced myogenic
contraction, while remarkable during neonate,
declined with age and became only slight even in
a high concentration after the rabbit was 37 days
old [6]. From the radioligand binding exper-
iments, the qualitative and quantitative changes
in the binding sites to drugs on the course of
development was reported in several tissues in-
volving chick heart [17], rat vas deferens [18], and
rat pancreas [19]. So, the decline in the TTX-re-
sistant response may be explained in terms of a
reduction in number of histamine H,-receptor on
the smooth muscle. Indeed, it was reported in the
rat pancreas [19] and chick expansor secun-
dariorum muscle [20] that a number of musca-
rinic binding sites changed in correlation with re-
sponses to agonists. However, this is not the case
for the vas deferens [18], and rabbit heart [21].

In conclusion, the present results have demon-
strated that a contraction in the chick oesophagus
can be already caused by histamine from 15 days
of incubation. In the course of development, the
mode of action of histamine appeared to change
without great alteration of the sensitivity of the
oesophagus to histamine. Myogenic receptivity of
histamine was observed during the time immedi-
ately before hatching (specially between 19 and
20 days of incubation), then it declined and was
replaced thereafter by neurogenic receptivity.
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