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Role of GABA receptors in the bronchial response: studies in
sensitized guinea-pigs

Y. TOHDA, K. OHKAWA, H. KUBO, M. MURAKI, M. FUKUOKA and S. NAKAJIMA

Fourth Department of Internal Medicine, Kinki University School of Medicine, Osaka, Japan

Summary

Background y-Aminobutyric acid (GABA), an important inhibitory neurotransmitter in

the mammalian central nervous system, is also found in peripheral tissues, including the
lung. GABA has recently been shown to modulate the contraction of airway smooth muscle.
Objective We studied the effect of GABA on the contractile properties of tracheal smooth
muscle by measuring the tension of the trachea isolated from non-sensitized and ovalbumin
(OA)-sensitized guinea-pigs under isometric conditions.

Methods Guinea-pigs were sensitized by intraperitoneal doses of OA to prepare a
bronchial asthma model. Tracheal spiral rings were prepared from the OA-sensitized as
well as normal, non-sensitized guinea-pigs. Using the tracheal preparations, the effects of
GABA and GABAa and GABADb receptor agonists (muscimol and baclofen) and antago-
nists (bicuculline and saclofen) on the basal tone of the trachea and on tracheal contraction
induced by electrical field stimulation (EFS) were determined. The effect of GABA on
tracheal contraction induced by exogenous acetylcholine was also studied.

Results GABA and GABA agonists and antagonists had no effect on the basal tone of
normal guinea-pig tracheae. Both GABAa and GABAD receptor agonists, as well as GABA,
suppressed EFS-induced contraction of normal guinea-pig tracheae in a reversible, dose-
dependent manner. Moreover, this suppression was reserved to the control level by
either GABAa and GABAD receptor antagonists. In tracheal spiral ring prepared from
OA-sensitized guinea-pigs, GABA and baclofen caused a smaller reversible inhibition of
EFS-induced contraction than in normal tracheal spiral ring, while muscimol inhibited EFS-
induced tracheal contraction to a similar extent to that observed in normal tracheae. GABA
had no effect on the tracheal contractile response to acetylcholine.

Conclusion The results suggest that there may be a biological mechanism mediated by
prejunctional GABAb receptors which attenuates cholinergic contraction of airway smooth
muscle and that dysfunction of the receptors may underlie the airway obstruction in
asthmatics.
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inducing hyperpolarization in the superior part of the central
nervous system, while it reduces neurotransmitter release
v-Aminobutyric acid (GABA) is an inhibitory neurotrans- through depolarization of primary afferent nerve terminals
mitter in the mammalian central nervous system. GABAIn the spinal cord. The common mechanism of these effects
causes postsynaptic suppression of nervous activity bis activation of chloride channels and a consequent increase
in chloride permeation. Therefore, impairment of GABA-
Correspondence: Dr Y. Tohda, Fourth Department of Internal Medicine,medIat_ed neurot'ransmllssmn may ,lead to the development of
Kinki University School of Medicine, 377-2, Ohnohigashi, Osakasayama,CNS disorders, including convulsions. Bowery and Brown
Osaka 589, Japan. first found the presence of GABA receptors in the peripheral
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nervous system by recording GABA-induced transienttrachea was immediately removed from each animal and cut
depolarization of rat superior cervical ganglia, which wereinto a ring 5mm in breadth. Each spiral ring was suspended
selectively blocked by bicuculline [1]. Particularly high with a tension of 1 g using tungsten wire in an organ bath
GABA levels as observed in the CNS are observed in theontaining 20 mL of modified Krebs solution (pH 7.4; NaCl
Auerbach’s plexus, epithelial cells of salpinx, ghdells of 118 mM, KCI 4.6 mM, MgSQ 7H,0 1.1 mM, CaC} 2H,O
pancreas [2]. 1.8mM, NaHCQ 24.9mM, KHPO, 1mM, glucose
GABA receptors have two subtypes, GABAa receptorsl1l.1 mM) which was maintained at 37 and aerated with
sensitive to bicuculline and GABAb receptors insensitive tomixed O,/CO, (95:5) gas. To the modified Krebs solution
bicuculline. Via GABAa receptors, GABA increases chlor- was added indomethacin ¥2L0~° M) to block the effects of
ide permeation and thereby suppresses excessive cell exe@ndogenous prostaglandins. In the bath, the spiral ring was
tement. Actions mediated by GABAb receptors arepositioned between two platinum electrodes to deliver
independent of chloride ions and include suppression oélectrical field stimulation (EFS).
calcium channels coupled with G protein. Boweal al.

reported the presence of GABAD receptors in the peripheralleasurement of tension of tracheal spiral rings
nervous system [3].

It has been reported that GABA modulates the tone O1I$ometric tension measurements of the tracheal smooth
airway smooth muscle [4,5]. In the present study, wemuscle were made using an isometric transducer (TB-

determined the effects of GABA and related compound$1T: Nihon Koden, Tokyo) connected to the end of the
on electrically induced contraction of tracheal spiral ringacheal spiral ring and were recorded on a thermal recorder
prepared from ovalbumin (OA)-sensitized asthmatic(RTA-1200M, Nihon Koden, Tokyo) via a specific amplifier

guinea-pigs to examine the roles of GABA receptors in(EF-60G, Nihon Koden, Tokyo). Prior to the measurement,
the aetiology of bronchial asthma. each preparation was stabilized in the bath for 60 min.

Effects of GABA and GABA receptor agonists (muscimol
and baclofen) and antagonists (bicuculline and saclofen) on
the basal tone of tracheal spiral rings

Materials and methods

Animals

Forty-five healthy male Hartley guinea-pigs were purchaseJ 0 assess the effects of GABA and GABA receptor agonists

from SRL Japan Inc., Hamamatsu, Japan. Twenty of ther@nd antagonists on the basal tone of tracheal spiral smooth

were sensitized to OA according to the procedures pre[nuscle, the tracheal tension was measured in tracheal spiral

viously described by Tohda [6]. Guinea-pigs received'n9 which were p_reparec_j from non-sen_sitized guinea-pigs
intraperitoneal injections of 30mg/kg cyclophosphamide@nd €xposed (o increasing concentrations of these com-
(Shionogi Pharmaceutical Co. Ltd, Osaka, Japan).Tw@0unds (k10°"-10""M).

days later, 1mg/0.5mL OA (grad¥; Sigma Chemical

Co. Ltd, St Louis, MO, USA) containing 100 mg aluminum Effect of GABA on tracheal contraction induced by
hydroxide as an adjuvant (Wako Pure Chemical IndustrieseXogenous acetylcholine

Osaka, Japan) was injecteq ?ntraperitoneally: Three weeksha offect of pretreatment with GABA (I0M) on the
later, 10ug/0.5 mL OA containing 100 mg aluminum hydro- yahea| contraction induced by acetylcholine (30

xide was injected intraperitoneally for sensitization. Thelo—sM) was assessed to determine whether GABA acts at
OA-sensitized animals were used in the study at 3 weekf,e prejunctional or postjunctional level of cholinergic

after the last sensitizing dose was given. The 45 animal§yacheal contraction.
including 25 non-sensitized ones, weighed 400-$@Mhen

o g All contractile responses are expressed as the percentages
they were sacrificed for use in the study.

relative to the response to 18 of acetylcholine without

prior treatment with GABA (maximum baseline response;
Test compounds control).

The following compounds were purchased from Wako Pure
Chemicals Co., Ltd, Osaka, Japan for use in the study: indogffects of GABA and GABA receptor agonists and

methacin, muscimol, baclofen, bicuculline, and saclofen. antagonists on EFS-induced tracheal contraction
Preparation of guinea-pig tracheal spiral ring EFS

The animals were stunned by a blow on the head andracheal contraction was induced by electrical field
exsanguinated to death by severing the carotid artery. Thetimulation (EFS) of the nerves present in the isolated
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tracheal smooth muscle. From an electrical stimulatoEffect of GABA on tracheal contraction induced by
(SEN-7203, Nihon Koden, Tokyo, Japan), rectangularexogenous acetylcholine

pulses (pulse width O'.5 ms, 50 V) of varying frequenCIesThe dose—response curves for tracheal contractile response
were delivered to the field.

to acetylcholine (10°-10-3M) in the presence and absence
. of GABA are shown in Fig. 1. GABA did not alter the dose-
Effects of GABA and GABA receptor agonists response curve for acetylcholine-induced tracheal

The effects of increasing concentrations«@0°-10-3M)  contraction.
of GABA, muscimol (a GABAa receptor agonist) and

baclofen (a GABADb receptor agonist) on EFS-inducedgtiects of GABA and GABA receptor agonists and

tracheal contraction were determined using tracheal spirgintagonists on EFS-induced tracheal contraction

ring prepared from non-sensitized and OA-sensitized ) ) ) ]

guinea-pigs. For each test compound, the concentration igtudies using tracheal spiral rings prepared from non-
the organ bath was increased to the next higher level at 18€nsitized animals

min intervals. At 5 min after each concentration wasEffécts of GABA and GABA receptor agonists on EFS-
achieved, rectangular pulses (5Hz) were delivered fofnduced tracheal contraction (Fig. 2)

155s. All contractile responses are expressed as the percefABA suppressed tracheal contractile responses to EFSin a

tages relative to the EFS-induced response following treatdoze-depepdent manner. The suppressions caused by

significant compared with the contrd?€0.01). Baclofen, a
GABADb receptor agonist, also suppressed tracheal contrac-
tile responses to EFS significantly at concentrations of
The effects of bicuculline (a GABAa receptor antagonist)10°M or more P<0.01). Muscimol, a GABAa receptor
and saclofen (a GABAD receptor antagonist) on the tracheagonist, caused significant suppressions at concentrations of
response to GABA were determined using tracheal spiral0>M (P<0.01).

ring prepared from non-sensitized guinea-pigs. .
Baseline tracheal responses to EFS given for 15 s WerEffects of GABA receptor antagonists on tracheal responses

. : f GABA
recorded while the pulse frequency was increased gradua”éicuculline a GABAa receptor antagonist, completely

from 3 to 20 Hz at 10 min intervals. The dgof GABA for abolished the suppression of EFS-induced tracheal

each frequency of stimulation was determined from the . .
baseline data and was used in the experiment. At 10 miﬁontractlon by GABA (Fig. 3). Saclofen, a GABAb

S : . receptor antagonist, also antagonized the suppressive
aﬂ%rSappI|cat|on of GABA, bicuculline (IGM) orsaclof_en effecr'z of GABgA on EFS-inducgd tracheal contrizction
(10°M) was added to the organ bath. After 20 min of Fig. 4)
incubation, the tracheal response to EFS given at eac% 9- 4.
frequency was recorded and compared with the baseline
response. All contractile responses are expressed as the
percentages relative to the baseline response to 20Hz of 120

Effects of GABA receptor antagonists

EFS (maximum baseline response; control). g —— GABA (-)
EB 100 + )
—
Statistical analysis 56 sgol
£Eo
All data are expressed as the means of five preparatiéns 5 3
standard deviation. Statistical analysis was performed using < ; 60 -
Student’st-test (two-tailed). Data were considered signifi- <c 40
o= B
cant when thd>-value was not more than 0.01. o3
2
co 20+
Results =
00 | | | | |

9 8 7 6 5 4 3

Effects of GABA and GABA receptor agonists and Concentration of Ach (-log M)

antagonists on the basal tone of tracheal spiral ring
Fig. 1. Effect of GABA on tracheal contraction induced by

GABA, muscimol, baclofen, bicuculline and saclofen hadexogenous acetylcholine. GABA had no significant effect on
no effects on the basal tone of tracheal spiral ring (data nodcetylcholine-induced tracheal contraction as assessed in tracheal
shown). spiral ring prepared from non-sensitized guinea-pigs.
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|_
Control 10 8 6 4 Fig. 4. Effect of saclofen, a GABAD receptor antagonist, on the
Concentration of drugs (-log M) suppression of EFS-induced tracheal contraction by GABA. Saclo-

. ) fen completely abolished the suppression of EFS-induced tracheal
,F'g' 2. Effect of GABA a.nd GABA receptor agonists on EF,S‘ contraction by GABA in tracheal spiral ring prepared from non-
induced tracheal contraction. GABA and GABA receptor agonistSqegitized guinea-pigs.The statistical analysis was by area-under-
suppressed EFS-induced tracheal contraction in a dose-depend(-‘-dwutrve (AUC). %<0.01. NS, No significant difference.
manner in tracheal spiral ring prepared from non-sensitized

guinea-pigs. P<0.01 vs control.
Effects of GABA receptor agonists on EFS-induced tracheal
Studies using tracheal spiral rings prepared from contraction
OA-sensitized guinea-pigs The GABAa receptor agonist muscimol significantly
. . suppressed EFS-induced tracheal contracti®e0(01).
Effects of GABA on I.E'FS-lnduced tracheal contraction . The suppression caused by muscimol did not differ signifi-
GABA caused a significant and dose-dependent SUpprEESSIC3:r?:1ntly from that observed in the tracheal spiral ring prepared

oftracheal co_ntractﬂe responses to EPSQ.01). However, from non-sensitized animals (Fig. 6). On the other hand, the
the suppression was significantly smaller than that observed

in the tracheal spiral ring prepared from non-sensitized
animals P<0.01; Fig. 5).

120 -
120 § 100
s : 1
£ 100} _INs 2 80|
55 i S5 )
£g 80 @2 eof .
5L 60 2 ?g —o- control
R s 40 . oA
< E 40 |- 5 ol ™ OA (-) N
‘5 © —o— control R
S 2 20 —~ bucuculine + GABA 0 L | | |
= 0 | | ™ GABA | Control 10 8 6 4
5 10 15 20 GABA (-log M)

Frequency of stimulation (Hz) ) _ _
Fig. 5. Effect of GABA on EFS-induced tracheal contraction

Fig. 3. Effect of bicuculline, a GABAa receptor antagonist, on the assessed in tracheal spiral ring prepared from OA-sensitized
suppression of EFS-induced tracheal contraction by GABA. Bicu-guinea-pigs. GABA significantly suppressed EFS-induced tracheal
culline completely abolished the suppression of EFS-inducedontraction in tracheal spiral ring prepared from OA-sensitized

tracheal contraction by GABA in tracheal spiral ring preparedguinea pigs but the suppression was significantly smaller than that
from non-sensitized guinea-pigs. The statistical analysis was bybserved in preparations from non-sensitized guinea-pigs. The
area-under-curve (AUC).P<0.01. NS. No significant difference. statistical analysis was by area-under-curve (AU®x0.01.
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sensitized trachaelis muscle as to cholinergic and EFS

120
. contractile response.
100 |- ]
* . .
u8'> 50 Discussion
S o i NS In recent years, airway inflammation has been recognized as
‘5 2 60 L the primary pathological abnormality underlying bronchial
S 35 asthma [7]. Nevertheless, it is still true that airway obstruction
R —o- control is caused by contraction of bronchial smooth muscle which
f - == O0A() may be mediated by the autonomic nervous system. Failure of
5 20 —= OA (-) autonomic control of airway smooth muscle tone has been
X B reported to result from cholinergic stimulation [8,8}adre-
o | | | nergic stimulation [10], suppression Sfadrenergic activity
OControI 10 8 6 4 [1_1], and dysfun_ction of muscarinic M2-re_cept_ors [12].
_ Airway inflammation may enhance autonomic disturbance
Muscimol (-log M) in the modulation of airway smooth muscle tone since

Fig. 6. Effect of muscimol on EFS-induced tracheal contraction'nﬂ"’lmm,a,tory medlators have been reported to upregu!ate
assessed in tracheal spiral ring prepared from OA-sensitizefuScarinic acetylcholine receptors [13,14] and histamine

guinea-pigs. Muscimol significantly suppressed EFS-induced tral€Ceptors [14]. The present study focused on the role of
cheal contraction in tracheal spiral ring prepared from OA-sensiGABA, a known autonomic neurotransmitter or nervous

tized guinea-pigs and the suppression did not differ significantlyactivity modifying substance, in the modulation of tracheal
from that observed in tracheal preparations from non-sensitize@mooth muscle tone and the function of GABA receptors in a
guinea-pigs. The statistical analysis was by area-under-curvgronchial asthma model. All experiments were perforrimed
(AUC). *P<0.01. NS. No significant difference. vitro using tracheal spiral rings suspended organ baths con-
taining modified Kreb’s solution, which contained indometha-
GABAb receptor agonist baclofen caused a significantlygin to prevent indirect effect of prostaglandins.
smaller suppression of EFS-induced tracheal contraction |, the present study, GABA and the two GABA receptor
than that caused in the tracheal spiral ring preparegonists, muscimol and baclofen, had no significant effects on
from non-sensitized animal$€0.01; Fig. 7). There were pag3) tone of normal tracheae. This was in agreement with the
no significant differences between non-sensitized a”‘i’indings reported by Tamaokt al. [4] and Champmaset al.
[15]. On the other hand, Giottit al. [16] reported that guinea-

120 - pig intestinal smooth muscle was contracted by GABA and
'g,? muscimol and relaxed by baclofen. This apparent discrepancy
c 100 - ]* may be accounted for by different roles of GABA in the
o 80l trachea and the intestine. GABA released from the nerves in
c? * the Auerbach’s plexus may not act as an inhibitory neuro-
-g 2 ol * transmitter but may act to promote intestinal motility [2].
S = —o_ control In the study of the level of action of GABA, GABA did not
= o 401 — OA (+) antagonize acetylcholine-induced tracheal contraction, indi-
f —a OA (-) cating that the suppressive effect of GABA on tracheal
o 201 contraction is exerted primarily at the prejunctional level.
X This finding agrees with that reported by Tamaekal. [4]
0 L ‘ ‘ ‘ but may contradict the suggestion of a postjunctional action of
Control 10 8 6 4 GABA by Peteret al [17], who observed that baclofen
Baclofen (-log M) reduced bronchial contractile response to methacholine in

Fig. 7. Effect of baclofen on EFS-induced tracheal contraction pa":tlarr]]ts ert]hGerErAed Cgr\acal Splgiézrd. . imol
assessed in tracheal spiral ring prepared from OA-sensitized thoug and the two agonists, muscimo

guinea-pigs. Baclofen significantly suppressed EFS-induced tre@nd bac!ofen significantly suppressed EFS—Induced tracheal
cheal contraction in tracheal spiral ring prepared from OA-sensi£ontraction, the GABAb receptor agonist baclofen seemed
tized guinea-pigs but the suppression was significantly smaller thatp be more potent than the GABAa receptor agonist muscimol
that observed in tracheal preparations from non-sensitized guinedd suppressing tracheal contraction because significant sup-
pigs. The statistical analysis was by area-under-curve (AUC)pressions were caused by lower concentrations of baclofen
*P<0.01. compared to muscimol. Champmanal. [15] reported that a
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