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Objectives. Thioperamide is used as an antagonist to the histamine Hs receptor. During administration of the drug, the tra-
chea may be affected via nasal or oral inhalation. This study was to determine the effects of thioperamide on the tra-

chea of rats in vitro.

Methods. We tested the effectiveness of thioperamide on isolated rat trachea submersed in Kreb’s solution in a muscle bath.
Changes in tracheal contractility in response to the application of parasympathetic mimetic agents were measured.
The following assessments of thioperamide were performed: 1) effect on tracheal smooth muscle resting tension; 2)
effect on contraction caused by 10° M methacholine as a parasympathetic mimetic; 3) effect of the drug on electri-

cally-induced tracheal smooth muscle contractions.

Results. Thioperamide induced a significant relaxation response at a preparation concentration up to 10 M. The drug also
inhibited the electrical field stimulation induced spike contraction. However, thioperamide alone had a minimal ef-
fect on the basal tension of the trachea at increasing concentrations.

Conclusion. The study indicated that high concentrations of thioperamide might actually antagonize cholinergic receptors

and block parasympathetic function of the trachea.
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INTRODUCTION

Histamine is known to play a role as a mediator of inflamma-
tion, and exerts its effects by activating histamine receptors (HR),
of which 4 types are now recognized (HiR, H2R, HsR, and HiR).
HsR was firstly postulated by Arrang et al. [1] in 1983 to eluci-
date the pharmacological properties of the histamine autorecep-
tor responsible for controlling the release of histamine. It has
been reported to exist in the central nervous system, as well as
the digestive, cardiovascular, respiratory, genitourinary and im-
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mune systems [2]. In the airway, HsR is located in lung, cholin-
ergic ganglia, postganglionic cholinergic nerve, tracheal smooth
muscle, bronchial epithelium and nasal submucosal gland [2,3].
Functional studies have revealed several functions of HsR, in-
cluding: 1) Inhibition of histamine release in histamine nerve
terminals. HsR may act to restrict the influx of calcium ions,
which is essential for histamine release [1]; 2) Inhibition of his-
tamine synthesis via inhibition of histidine decarboxylase [1];
and 3) Inhibition of the release of other neurotransmitters. HsR
stimulation can inhibit the electrically-evoked release of radio-
active 5-hydroxytryptamine (5-HT) from rat cerebral cortical
slices. In the guinea pig mesenteric artery, perivascular nerve
stimulation produces an excitatory junctional potential in vascu-
lar smooth muscle cells that can be inhibited by histamine pre-
synaptically. In isolated ileum of the guinea pig, activation of
HsR decreased the electrical stimulation-induced contraction [4].
Thioperamide, a selective and competitive Hs antagonist, has
been developed. The effect of thioperamide on the trachea is an

Copyright © 2013 by Korean Society of Otorhinolaryngology-Head and Neck Surgery.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



issue worthy of investigation because during administration of
the drug, the trachea may be affected via nasal or oral inhala-
tion. In this study, the effects of thioperamide on isolated tracheal
contraction in vitro were investigated by utilizing a unique rat’s
tracheal model, which could demonstrate the tension change of
an intact tracheal ring after addition of the parasympathetic mi-
metic agents and potential tracheal contraction agents and iden-
tify agents that affect tracheal smooth muscle directly.

MATERIALS AND METHODS

Tissue sampling and preparation

The chemicals used were of the highest purity available. All che-
mical reagents were obtained from Sigma (St. Louis, MO, USA).
A total of eighteen rats were used in this study, which was ap-
proved by the animal experiment review board (LACUC-07-026).
Adult rats were anesthetized by intraperitoneal administration
of pentobarbital (45 mg/kg), and two pieces of trachea of ap-
proximately 5 mm in length were removed from each rat. The
tracheal specimens were mounted using two steel plates and
submersed in a 30 mL muscle bath at room temperature. The
bath was filled with 30 mL Kreb’s solution consisting of (mmol/
L) NaCl, 118; KCl, 4.7; CaCl, 2.5; MgSO. - 7H0, 1.2; KH,POs,
1.2; NaHCOs3, 25.0; and glucose, 10.0 (Fig. 1). The upper ends of
the tracheal strips were attached to a Grass FI-03 force displace-
ment transducer (AstroMed, West Warwick, RI, USA) using a
steel plate and a 3-O silk ligature. The other ends of the strips
were fixed to a steel plate attached to the bath. A passive ten-
sion of 0.3 g was applied to the strips and subsequent changes in
tension were recorded continuously using Chart ver. 4.2 (Power-
Lab, ADInstruments, Colorado Springs, CO, USA).

Electrical
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Methacholine challenge

We tested methacholine as a tracheal contraction drug. Prelimi-
nary tests showed that a tracheal strip immersed in the bath so-
lution used for subsequent experiments did not contract when
basal tension was applied. Before drug assays were conducted,
isolated trachea samples were equilibrated in the bath solution
for 15 to 30 minutes, during which continuous aeration with a
mixture of 95% O, and 5% CO. was applied. Stepwise increas-
es in the amount of drugs used were employed to study the con-
traction or relaxation responses of the tracheal strips. All drugs
were administered by adding a defined volume of stock solution
to the tissue bath solution.

Electrical field stimulation challenge

Electrical field stimulation (EFS; 5 Hz, 5-ms pulse duration at a
voltage of 50V, trains of stimulation for 5 seconds) was applied
to the trachea strips using two wire electrodes placed parallel to
the trachea strip and connected to a direct-current stimulator
(Grass S44, Grass Technologies, Quincy, MA, USA). An interval
of 2 minutes was imposed between each stimulation period to
allow recovery from the response. Stimulation was applied con-
tiguously to the trachea at 37°C.

Measurement

The following effects of thioperamide were assessed: 1) effect on
tracheal smooth muscle resting tension: this test was performed
to examine the effect of the drug on the simulating condition of
resting trachea condition; 2) effect on contraction caused by 10
M methacholine: this test was related to the examination of post-
synaptic events, such as muscle receptor blockade, enhance-
ment, and second messengers; 3) effect on electrically-induced
tracheal smooth muscle contractions: electrical stimulation of
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Fig. 1. Schematic diagram and the actual photo of tension measurement in isolated rat tracheal smooth muscle.
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this tissue causes the trachea to release parasympathetic trans-
mitter (acetylcholine). If the tested drug interferes with trans-
mitter release, electrical stimulation does not cause contraction.
Thus, presynaptic events were seen more easily with this proce-
dure. Accordingly, the treatments in this study included 1) thiop-
eramide alone on the trachea; 2) thioperamide on contracted
trachea (by 10 M methacholine); and 3) EFS with thioperamide.
Each treatment group included 6 tracheal strips for testing,

The concentrations of drugs are expressed as concentrations
present in the 30 mL bath solution. An untreated strip served as
the control group in each experiment to test the effect of thiop-
eramide on tracheal resting tension or on electrically-induced
contraction. In the other experiments with 10 M methacholine,
the contraction degree of the strip after methacholine addition
served as the control value. Compared to the control value, the
percentage values were presented as the mean value and stan-
dard deviations (SDs) normalized to the control.

Statistical analysis

Data of the basal tension and methacholine experiment was col-
lected by the mean of tension between two different concentra-
tion agent was added. In the EFS experiment, data was the mean
of the EFS peak between two different concentration agents was
added. Data are presented as mean=®SD and statistical signifi-
cance was tested using a one-way ANOVA; P-values less than
0.01 were considered significant.
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Fig. 2. Tension changes in the rat trachea after the application of
methacholine at various concentrations. The basal tension was 0.3 g.
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Fig. 3. Effects of thioperamide on 10® M methacholine-induced con-
traction of rat trachea (n=6).

RESULTS

The degree of contraction or relaxation of the tracheal strips
was estimated from the tension applied to the transducer. The
contractile responses of the trachea induced by the parasympa-
thetic agent, methacholine, were easily detected and the tissue
remained in a contracted state until the drug was rinsed from
the tissue (Fig. 2). The graph variation between each test might
be mildly different, but all had the same tendency of results.

Addition of the Hs antagonist, thioperamide, had a minimal
effect on the basal tension (data not shown) but resulted in re-
laxation of the trachea when introduced after the addition of a
constricting agent such as 10° M methacholine (Figs. 3, 4). Low
doses of thioperamide resulted in a slight decrease in tracheal
contraction and higher doses relaxed the trachea much more
quickly. The tension was 97.2+2.5%, 95.31£1.6%, 92.0£3.0%
and 88.4+3.9% of the control values at 108, 107, 10, and 10°
M thioperamide, respectively, while at 10 M thioperamide, the
tension was decreased to 36.71+11.6% (Fig. 3). The inhibition of
contraction was statically significant at 10* M as compared with
that of the control (P<0.01).

Thioperamide also influenced the spike contraction induced
by EFS as well as the basal tension. Although low doses of this
drug resulted in little change in the spike contraction, a higher
dose of up to 10* M prominently lowered the peak tension of
the control value. The peak tension of the tracheal strip evoked
by EFS upon the addition of 10, 10° and 10* M thioperamide
was 106.9+£1.5%, 101.5+0.6%, and 30.8+7.5% of the con-
trol value, respectively. Following 10* M thioperamide addition,
the peak tension value of the tracheal strip was significantly low-
er than that of the control group (P<0.01) (Figs. 5, 6).
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Fig. 4. Effects of thioperamide on 10° M methacholine-induced con-
traction (contraction area was calculated at 100% with no addition
of thioperamide) of rat trachea. The inhibition of contraction was stat-
ically significant at 10* M as compared with that of the control (P<
0.01). The results are represented as the mean+SD (n=6).
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Fig. 5. Effect of thioperamide on electrically-induced tracheal smooth
muscle contractions (n=6).

DISCUSSION

Based on the previous techniques [5,6], we developed a modi-
fied system that requires only a few millimeters of intact ring of
trachea to be excised, and have successfully applied this tech-
nique to study the response of the trachea to drugs [7,8]. Althou-
gh in vitro assays for monitoring tracheal responses to drugs
have been developed by other groups [5,6,9-12], our method
provides distinct advantages. In such assays, a tracheal mucosa
strip measuring 8 mmx20 mm is required to be attached to an
isometric transducer and suspended in a tissue bath containing
30 mL of Kreb’s solution for the experiment. As a rat tracheal
strip of only millimeters in length is required in our experiment,
sufficient quantities of trachea are easier to obtain for tests. In
addition, a previous in vitro study has demonstrated different
degrees of contraction between tracheas with and without an
intact tracheal ring [13]. In order to simulate the tracheal re-
sponse to drugs in vivo, study upon an intact tracheal ring is
supposed to be more representative of the physiological situa-
tion than previous tests using tracheal smooth muscle alone
[5,9,10].

The results of our experiments should be interpreted within
the context of the test materials used. The mechanisms of the
device were addressed in our previous study [7]. Although it is
difficult to determine which tissue component of the trachea
was responsible for drug-induced contraction, the nature of the
specific tissue and its response to specific drugs provide some
indication. First, the tracheal strips used in our study were crude
preparations that contained cartilage and tracheal smooth mus-
cle. The smooth muscle of the trachea appeared to be the main
tissue component responsible for contraction, as the other com-
ponents (epithelium, glands, connective tissue, nerves, and carti-
lage) did not contract to a significant extent. Because the meth-
od involves cross contraction, changes in tension were caused by
radial contraction of the tracheal ring. Responses to drugs and
electrical stimulation have been verified for similar preparations
[6,9,10]. However, the contractile response observed was proba-
bly an aggregate of the responses of various types of muscle tis-
sue.

Second, the isolated tracheal preparations used in our experi-
ments were excised from rats without damaging the endotheli-
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Fig. 6. Effects of thioperamide on electrically-induced tracheal smooth
muscle contractions (contraction area was calculated at 100% with
no addition of thioperamide). The inhibition of spike contraction was
statically significant at 10 M as compared with that of the control
(P<0.01). The results are represented as the mean+SD (n=6).

um or smooth muscle. It is therefore reasonable to assume that
the tracheal responses to the test agents in our study were com-
parable with those observed after the application of a spray to
the trachea during an asthma attack. As a result of difficulty in
obtaining human tissue for similar studies, the effect of this drug
on isolated human tracheal smooth muscle still requires further
investigation. In the in vivo situation, the response might be much
more complicated than that in the in vitro situation.

Histamine, (2-[4-imodazole]-ethylamine), is formed from the
amino acid histidine by histidine decarboxylase. There are 3 well-
described sources of histamine in humans: mast cells and baso-
phils, gastric enterochromaffin-like cells, and histaminergic nerves
in the brain. Histamine is known to play a role as a mediator of
inflammation. It is now understood that histamine exerts its ef-
fects by activating HR, of which 4 types are now recognized
(HiR, HzR, H3R, and HiR). All of these receptors belong to the
G protein-coupled receptor family. HiR mediates a series of in-
tracellular events most characterized by changes in free cytosolic
calcium levels, whereas H2R mediates intracellular events most
characterized by elevations in cyclic adenosine monophosphate
(cAMP). The newer family members, HsR and HiR, operate by a
variation of both cytosolic free calcium and cAMP [14]. HRs
were initially subdivided by Ash and Schild [15] in 1966. These
researchers introduced the term Hi receptor to describe the class
of HR that is sensitive to inhibition by promethazine and me-
pyramine, now regarded as Hi receptor antagonists. The classic
Hi-mediated responses include contraction of many visceral
smooth muscles including guinea pig trachea, uterus, and the
longitudinal smooth muscle of the ileum. However, acid secre-
tion from the gastric mucosa is resistant to HiR antagonists such
as mepyramine. In 1972, Black et al. [16] developed a selective
antagonist, burimamide, of the acid-secretion response, which
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was defined as an H, receptor.

The third HR (Hs) was postulated by Arrang et al. [1] in 1983
to explain the atypical pharmacological properties of the hista-
mine autoreceptor responsible for controlling the release of his-
tamine from rat cerebral cortical slices. In 1987, the pharmaco-
logical properties of two potent and selective Hs ligands were
reported [17]. Hs receptors now have been recognized to dis-
tribute over the central and peripheral tissues with different
functions [2,3]. In the airway, Hs receptors may modulate the
neurotransmitter release of cholinergic ganglia and postgangli-
onic cholinergic nerves. They also present in the tracheal smooth
muscle and bronchial epithelium to induce a relaxation of pre-
contracted trachea [2]. Furthermore, Hs receptors are believed
to modulate vascular contractile responses by the inhibition of
noradrenaline release from sympathetic nerve terminals in the
nasal mucosa, and therefore contribute to the increased mucus
secretion of allergic rhinitis [3].

The contracting agent in this test, methacholine, is a synthetic
choline ester that acts as a non-selective cholinergic agonist and
is commonly used for research purposes. It is worthy of note that
the drug-induced relaxation of tissue was dependent on prior
partial contraction of the smooth muscle in response to metha-
choline. It should thus be possible to assay the effects of com-
mon drugs and agents supposedly responsible for relieving asth-
ma. Thioperamide, known as a second-generation Hs antagonist
[11], has not only been studied in the treatment of central ner-
vous system disorder [18,19], but also in the improvement of
symptoms of allergic reaction [20]. Combined with H1 antago-
nist, thioperamide administration of 1.0-10 mg/kg could be ap-
plied for the treatment of allergic diseases of the upper airway
[21].

According to the results in methacholine challenge tests, the
H; antagonist, thioperamide was proved to possess the ability to
prominently relax the isolated trachea at 10* M. This phenome-
non indicated a direct anticholinergic effect of thioperamide.
Despite the distribution of Hs receptors on smooth muscle [22],
their relaxing effects on trachea were not activated due to the
absence of histamine in methacholine tests. Hence, it appeared
an unknown mechanism for thioperamide to relax the trachea
which had been treated with exogenous non-selective choliner
gic agonist, methacholine. The interactions with cholinergic or
other uncertain receptors were presumably responsible for the
anticholinergic effect of thioperamide. Further biomolecular in-
vestigation is necessary to clarify this experimental result. De-
spite the mechanism by which the Hs antagonist affects the tra-
chea smooth muscle remaining unclear, the drug may represent
another potential therapy for asthma attacks.

EFS is a common experimental tool that activates the nerve
terminals within the tissue and induces the release of endoge-
nous neurotransmitters, followed by triggering the smooth mus-
cle to contract. EFS-induced contraction of canine nasal mucosa
disappears after ipsilateral cervical sympathetic ganglionectomy

[13], and EFS-induced spike contraction of nasal mucosa was
demonstrated by stimulation of sympathetic innervation [13]. In
this study, EFS-induced spike contraction of the tracheal smooth
muscle was elicited by stimulation of parasympathetic innerva-
tion. Therefore, the EFS-induced contraction of the trachea de-
creased as the concentration of thioperamide increased. This sug-
gests that thioperamide could antagonize not only the effect of
Hs agonist, a-MeHA [23], but also parasympathetic innervation
in tracheal smooth muscle contraction. The mechanisms of Hs
receptors modulating the cholinergic neurotransmitter have been
proposed [23], but the physiological influence of Hs receptors
on the airway is still uncertain. Our observations in this study
were very interesting, and further study is required to clarify
these phenomena.

In conclusion, we used this test system employing a short in-
tact ring of trachea to study the effects of thioperamide on tra-
cheal contraction. The study indicated that high concentrations
of thioperamide might not only antagonize the effect of cholin-
ergic receptors but also block parasympathetic function of the
trachea.
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