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Abstract : Clinically, methylxanthines are known to be potent bronchodilators. However,
methylxanthines induce contraction for many types of smooth muscle. To clarify this
inconsistency, we investigated the effects of caffeine on intracellular Ca** concentration ([Ca*'];)
and tension in porcine bronchial smooth muscle.

Porcine bronchial muscle rings were loaded with a Ca®* indicator dye, Fura-2,”AM. The light
emission ratio (R340,7380) of Fura-2 was recorded to estimate the change in [Ca?*]., and the
isometric tension was simultaneously measured with a force displacement transducer. At the
beginning of each experiment, changes in muscle tension and [Ca®*]; induced by 90mM KCI were
recorded as control values (100%). Thereafter, tension and [Ca®']; were recorded under the
following conditions : changes induced by histamine (107°~10"*M), by 90mM KCl or 0.1mM
histamine in a Ca** -free medium, by 2.5mM caffeine, and by 90mM KCl and 0.1mM histamine in
the presence of 2.5mM caffeine. Histamine (107°~107*M) induced concentration-dependent
increases in tension and [Ca®').. In the Ca®' -free medium, the increases in tension and [Ca®'];
induced by 90mM KCl were significantly reduced, but those induced by histamine were not.
Caffeine itself caused transient increases in tension and [Ca®*],. Caffeine suppressed the increases
tension induced by histamine, but it did not suppress the increases [Ca**]; induced by histamine.
Caffeine did not affect the increases tension and [Ca**]; induced by 90mM KCl. Our data suggest
that the increases tension induced by histamine is mainly caused by the release of stored Ca** and
that induced by high K* is dependent on extracellular Ca®*. Caffeine induces contraction and
increase in [Ca®]; in porcine bronchial muscle. However, caffeine suppresses the
histamine-induced tension by inhibiting the histamine-induced augmentation of Ca** sensitivity of
the contractile proteins.
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Fig.1 Schematic diagram of the experimental apparatus. The bronchial musle tube (ring) was
mounted on two tungsten hocks, one of which was glued to the arm of a force displacement
transducer. Two wavelengths of excitation light (840nm and 380nm) were obtained from a
xenon lamp source. Surface fluorescense of the tube was introduced through a 500nm band pass

filter into a photomultiplier.
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Fig.2 Changes in [Ca*']; and tension induced by various concentration of histamine.
Histamine (10 °~10"*M) induced concentration-dependent increase in tension and [Ca®"],.
Data are presented as mean +S.D..
**p (0.01 compared with values induced by histamine 10~°M.
*p €0.05 compared with values induced by histamine 10 °*M.
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Table 1 Changes in [Ca®*]; and tension induced by histamine. Values are expressed as % of each
response to those induced by 90mM KCl! which was performed at the beginning of each

experiment.
Histamine (M) Tension (%) Ratio (%) N°®
107 1.250 £ 1.013* 66.717 £ 14.669 8
10°° 11.075 £ 7.376** 13912 + 21.156 8
10 32.476 £ 14.404*** 139.31 = 29.016*** 10
*Mean = S. D..

"Number of bronchial muscle rings.

**p<0.01 compared with histamine 10~°M.

*p{0.05 compared with histamine 107°M.

Table 2 Effects of various treatments on [Ca*']; and tension in porcine bronchial muscle. Values are
expressed as % of each response to those induced by 90mM KCL
Treatment Tension (%) Ratio (%) N®
KCl, 90mM
m 100 100 10
(control)
KCl, 90mM
’ 16.331 + 14.335** . +11.663*
in Ca®-free PSS 1+14.335 19.337 663 8
KCl, 90mM
. +32.574 85.088 = 16.201 8
under caffeine, 2.5mM 9834513
Histamine, 10™*M
istamine 32,476 * 14.404 139.31 % 29.016 10
(control)
Histamine,10™*M
istamine 32.389 + 16.496 117.24 = 47.776 6
in Ca®*-free PSS
Histamine, 10™*M
' 11.867 =5.115 139.529 & 19.945 7
under caffeine, 2.5mM
Caffeine, 2.5mM 19.273 = 10.8 2152 +6.738 8
*Mean £ S. D..

*Number of bronchial muscle rings.
*p<0.05 compared with control.
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Fig.3 Changes in [Ca®']; and tension induced by histamine 10™*M in Ca**-free PSS.
In Ca*'-free PSS, histamine produced similar increase in tension and [Ca*']; (ratio) compared

with control.

Ratio (R340,7380) was recorded to estimate changes in [Ca**];.

Data presented as mean + S. D..
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Fig.4 Changes in [Ca®']; and tension induced by 90mM KCl in Ca**-free PSS.
In Ca?*-free PSS, increase in tension and [Ca*']; were significantly reduced.

Data presented as mean + S. D..
**p <0.01 compared with control values.
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Fig.5 Effects of caffeine on [Ca*']; and tension, and them induced by histamine.

Caffeine caused increase in [Ca®']; and tension.

Caffeine suppressed tension induced by histamine, but it did not affect [Ca®'], induced by

histamine.
Data presented as mean + S. D..
*p €0.05 compared with control values.
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Fig.6 Effects of caffeine on [Ca*']; and tension induced by 90mM KCI.

No statistical significant.
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