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Abstract : The effects of halothane on tension in porcine bronchial muscle and intracellular Ca**
concentration ([Ca’'],) were investigated by the use of the fura-2 microfluormetric method. Porcine
bronchial muscle tubes were loaded with a Ca* -indicator dye, fura-2/ AM. The light emission ratio
(Raw/30) of fura-2 was recorded, and tension was simultaneously measured with a force
displacement transducer. In normal physiological salt solution (normal PSS), halothane (1, 2, 3, 4%)
induced tension with transient increase in [Ca®'], in a concentration-dependent manner. In
Ca®'-free solution containing 2mM Etyleneglycol-bis (2-aminoethyl ether) N, N, N’, N'-tetraacetic
acid (Ca”'-free PSS), halothane caused a similar increase in tension and [Ca®'],. Both KCIl and
bethanechol increased tension and [Ca®"],. Bethanechol induced larger contraction than did KCl
with similar [Ca®"],. In Ca®-free PSS, the increase in KCl-induced tension and [Ca®'], were
abolished. In contrast, increase in bethanechol-induced tension and [Ca*'], in Ca*'-free PSS were
similar to that in normal PSS. Halothane inhibited the increase in KCl tension, and
bethanechol-induced tension and [Ca®'], in a concentration-dependent manner. Although
halothane inhibited all the changes induced by bethanechol, the inhibition of [Ca*"], was less than
that of muscle tension. In conclusion, on porcine bronchial muscle, halothane seems to induce
bronchoconstriction by releasing Ca®" from intracellular stores. Halothane can directly inhibit
KCl-induced contraction by suppressing [Ca® ], that may be attributed to inhibition of the influx
of extracellular Ca®'. Halothane also seems to inhibit contraction induced by muscarinic receptor
stimulation. This inhibitory effect of halothane may be attributed mainly to the decrease in
rgtension of intracellular Ca*" and the decrease in Ca®" sensitivity of contractile machinery.

Key words : halothane, fura-2, intracellular calcium, bronchial muscle
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Effects of halothane on contraction and intracellular Ca®® mobilization in porcine bronchial
smooth muscle.
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Fig.1. Schematic diagram of the experimental apparatus. The bronchial tube (ring) was mounted on two
tungsten hooks in a temperature controlled tissue chamber. Anesthetic-saturated solution was
pumped into the tissue chamber. One end of the muscle tube was connected to a force
displacement transducer to measure the isometric tension. The excitation light was obtained from
a xenon lamp equipped with rotating filter. Two wavelengths of excitation light (340 nm and 380
nm) were obtained by the rotating filter. The muscle tube was exposed to this excitation light.
The emitted light from the tube was introduced through a 500nm band-pass filter into a

photomultiplier.
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Fig.2. Calibration curve of halothane concentration.

y=1522.2x+58.7 (r=0.999)
Data are presented as mean == SEM.
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Table 1. Relations between vaporizer scale (%)
and peak height obtained by gas
chromatography-analysis.

*Mean £SEM.
Vaporizer scale(%) Peak height N -
1 14518957 6
2 29627+ 546 6
3 405931290 6
4 54684941 6
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Fig.3. Relationship between vaporizer scale and
halothane concentration in tissue chamber.
y=8.815x+0.03 (r=0.992)

Data are presented as mean = SEM.
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Fig.4. Representative recordings of increase in

tension and Ruw s ([Ca’])) induced by
halothane.
A : Effect of 1% halothane in normal PSS.
B : Effect of 4% halothane in normal PSS.
C : Effect of 4% halothane in Ca’ -free
BSS.
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Table 2. Increases in Ry w0 ((Ca* ;) and tension induced by halothane in porcine bronchial muscle. The
values are expressed as % of each response to those induced by 90mM KCI which was -
performed at the beginning of each treatment. 504 e oo
There was no statistical significance between [Ca*'], and tension induced by 4% halothane in 80+ —e— R340/380
normal PSS and those in Ca’'-free PSS. | 70+
*Mean = SEM. 60+
“Number of bronchial muscle rings. 50
‘Statistical irregular data. 40
*p<0.05 compared with 1% halothane. 30

20
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100+

Response (%)

Tension

Treatment Solution Tension (%) N® Ratio (R0, a0, %)

Halothane, 1 % normal PSS 6.881.04* 10 10.50£1.94 1

Concentration of halothane (%)

Halothane, 2 % normal PSS 9.74+1.29 10 17:832:21.62°* 10

Fig.7. Representative recordings of 50 mM
KCl-induced increase in tension and
Ruw,a0 ([Ca®] ) and inhibitory effects of
halothane on those response in normal
PSS,

Fig.5. Increases in tension and R/ ( [Ca’']; )
induced by various concentration of
halothane. Halothane (1, 2, 3, 4%) induced
concentration-dependent  increase in
tension and Ru /w0 ( [Ca*"]; ).

Data are presented as mean = SEM. 160+

*p<0.05 compared with values induced
Table 3. Effects of various treatments on increase in tension and Raw s ([Ca®] ). Values are expressed by 1% halothane. 497 —e— R340/380

as % of each response to those induced by 90mM KCIl which was performed at the beginning of 120+
each treatment.

*Mean = SEM.

*Number of bronchial muscle rings.
*p<0.05 compared with control.

Halothane, 3 % normal PSS 10.70+0.98* 9 (24.40°) 25.09+2.62* 10

Halothane, 4 % normal PSS 15.34+1.94* 10 34.941+4 .44 10

Halothane, 4 % Ca®*-free PSS 14.30£1.75 10 29.89%3.20 10

—a— Tension

100+

D
o
1

Response (%)
o]
o
1

[J Tension
B R340/380

»
s

Stimulant Halothane conc. Solution Tension (%) Ratio(Raw, as0, %)

~n
T

KCl, 50mM 0% (=control) normal PSS 89023255, 70° 76.33+5.40 0

T b
control(0) i 2
Concentration of halothane (%)

KCl, 50mM 1% normal PSS 83.411+4.65 69.64+5.02

Response (%)

Fig.8. Inhibitory effect of halothane on
KCl-induced increase in tension and
Raw a0 ( [Ca® ], ). Halothane inhibited in a
concentration-dependent manner.
Data are presented as Mean=SEM.
*p<0.05 compared with control.

KCl, 50mM 2% normal PSS 75.96%£5.18 67.14%3.73

KCl, 50mM 3% normal PSS BB o 58.97%5.43*

KCl, 50mM 4% normal PSS 42.71+3.86" 52.98+5.41" In normal PSS ' In Ca®* -free PSS

KCl, 50mM 0% Ca**-free PSS no response no response

KCl, 50mM 4% Ca*'-free PSS filigic & BINEESR 1B LT [Ca®' ], A bofE]Hs
REDFED 1 BIAR LT 0'M Ny 23—
flic Lo, EEDBLY [Ca¥]i &b, %
nENFEAE/D 2806 = 10.9%, 133.7 £ 83%

TR 2o, BomRIEE BT 5 L

Increases in tension and R s ( [Ca®' 1))
induced by 4% halothane in normal PSS
or Ca**-free PSS.

Data are presented as mean + SEM.

The data in normal PSS are from Fig.5.
No statistical significance.

no response no response

Bethanechol, 10 ‘M 0% (=control) normal PSS 280.62+10.86 188,71 8,84

Bethanechol, 10 ‘M 1% normal PSS 214.60+11.48* 126.95= 6.90

Bethanechol, 10"*M 2% normal PSS 192.18+10.20* 105.68+ 7.43*

Bethanechol, 10" ‘M
Bethanechol, 10 ‘M
Bethanechol, 10 ‘M

Bethanechol, 10 ‘M

3%
4%
0%
4%

normal PSS
normal PSS
Ca* -free PSS

Ca**-free PSS

140.62£ 8.18*
108.28+ 5.78*
265.931+12.27
98.06:E: 1.22*

96.46=% 5.25%
88.33% 5.04*
123.98+10.17

89.31=¢ 761"

f#%, 50 mM KCl fllii % 5 2 T A SIS
BB -1,
3) SERARIMIC X B S SOV O UNHE B £
[6 AN =EA}-Z.

Fig.9-A i normal PSS i TO~X% 23—

[Ca®'], o¥EhnE & b IHEER I OF L W#EmE
Atz (Table 3), ~¥ % 3 — AHillEKIC & B UYL
fak 1B LU [Ca* ], D& dlcat v
OHEETTIR, Not VBT L TEEI
mElsht, 1, £OMBIORE R, By




Tension

059

E. Bethanechol
37Haiothane
In Ca’-free PSS

Fig.9. Representative recordings of bethanechol-

induced increase in tension and Rsi, a0
([Ca’'],) and inhibitory effect of halothane
on those response.

A : Increase in tension and Ruo w0 ([Ca™ )

induced by 10 *M bethanechol in normal PSS.

B : Inhibitory effect of 4% halothane on

bethanechol-induced changes in normal PSS.

C : Increase in tension and Ra s ([Ca®"])

induced by 10 ‘M bethanechol in Ca® -free PSS.

D : Inhibitory effect of 4% halothane on

bethanechol-indused changes in Ca® -free PSS.
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—a— Tension

—e— R340/380

Response (%)
> @ B
s e

[
o
!

0

control(0) 1
Concentration of halothane (%)

Fig.10. Inhibitory effect of halothane on
bethanechol-induced increase in tension
and Ruy a0 ([Ca’’])). Halothane inhibited
in a concentration-dependent manner.
Halothane inhibited Rug s ([Ca®'])
more strongly than tension induced by
bethanechol.

Data are presented as mean = SEM.
*p<0.05 compared with control.

[ Tension
R340/380

.

comroLi(O%) LHadothaIne“%) coerol(O%) +Halothane(4%)
J
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3200
:2 150
o
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& 100
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o

In normal PSS In Ca®*-free PSS

Fig.11. Inhibitory effect of 4% halothane on
bethanechol-induced changes in normal
PSS or Ca*'-free PSS.

Regardless of solution (normal PSS or
Ca*"-free PSS), 4% halothane reduced the
amplitude of bethanechol-induced increase
in tension and Ru, s ([Ca®']) similarly.
Data are presented as mean + SEM.

The data in normal PSS are from Fig.
10.

*p<0.05 compared with control in each
solution.
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Rl & o IEE 13 L O [Ca*' ], DA
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INFER T OHEMBPED S, & 51
Ca®*'-free PSS thTid 50 mM KCl o#fifific &
BRIBRASNE P51, TOT &, MEFE
W2 USRS & (AR ic 7 9 UGS SCTRt I
BULTH, BiorMflEc & 2 U0 &, fias
Ca* DI AE & =T [Ca*']  EBMmd 5 & &
ALTW3,

¥ o, ZRMEHEI BT & - T b receptor
operated calcium channel 24 L T, flffast
M6 Cal' BFEAT S L b TV SY, flfast
MOHA LT Ca* (3, T Vi o Rebe Il

307
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