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Background: Bupivacaine is an amide-linked local anesthetic that has been used in subcutaneous
infiltration, epidural and peripheral nerve block for surgery over three decades. Several studies have
suggested that inhaled local anesthetics can reduce respiratory reflexes. To assess the direct actions of
bupivacaine on airway smooth muscle we used our preparation to examine the effectiveness of bupi-
vacaine on isolated rat trachea.
Methods: A 5-mm-long portion of rat trachea was mounted in Krebs solution at 37 �C. Changes in
tracheal contractility in response to a parasympathetic mimetic agent and electrical stimulation were
measured using a transducer connected to a Pentium III computer equipped with polygraphy software.
The following assessments were done: (1) effect of bupivacaine on the resting tension of tracheal smooth
muscle; (2) effect of bupivacaine on contraction caused by exposure to 10�6 M methacholine as a para-
sympathetic mimetic; (3) effect of bupivacaine on electrically induced contraction of tracheal smooth
muscle.
Results: Bupivacaine had a negligible effect on the basal tracheal tension as the concentration increased.
Bupivacaine inhibited the tracheal smooth muscle contraction in response to methacholine and electrical
stimulation in a concentration-dependent manner.
Conclusion: The study indicates that bupivacaine might inhibit cholinergic neurotransmission and have
an anti-spasmic effect on the trachea, in that it inhibited the contractions elicited by electrical field
stimulation and a depolarizing agent.

Copyright � 2011, Taipei Medical University. Published by Elsevier Taiwan LLC. All rights reserved.
1. Introduction

Vascular or nasal mucosal strips have been used to study smooth
muscle contractility in vitro.1,2 Effects of drugs on the airway have
been examined using a rat tracheal smooth muscle preparation
because this tissue has a resting tone and pharmacological
responses similar to those of the human airway. We developed
a simple and rapid test for identifying agents that affect tracheal
smooth muscle directly.3 The development of such a test could help
resolve the inconsistencies observed in trachea responses to drugs
in vivo.

Bupivacaine is an amide-linked local anesthetic that is usually
used for infiltration, nerve block, epidural and intrathecal anes-
thesia. Bupivacaine acts by binding to the sodium channels and
blocking sodium influx into nerve cells, which prevents
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depolarization of the nerve fibers. Some reports have shown that
aerosol inhalation of local anesthetics can reduce cough, inflation
and deflation reflexes, and facilitate tracheal intubation during
surgical operations.4e6 Intravenous administration of lidocaine or
bupivacaine has been reported to attenuate bronchial hyper-
reactivity in awake humans.7 It has been demonstrated that bupi-
vacaine or lidocaine applied topically to the smooth muscle of
isolated rat tail arteries can inhibit vascular contraction in response
to adrenergic activation.8 The effect of bupivacaine topically applied
to the trachea has not been well explored. In the present study, we
used a simple in vitro technique to investigate the direct effects of
bupivacaine on the contractile response of isolated rat tracheal
smoothmuscle tomethacholine and electric field stimulation (EFS).
2. Methods

2.1. Study design

This study was approved by the Animal Experiment Review Board
(IACUC-08-146). All chemical reagents were obtained from Sigma
(St Louis, MO, USA) and were of the highest purity available. Adult
rats were anesthetized using intraperitoneal pentobarbital
by Elsevier Taiwan LLC. All rights reserved.

mailto:w0512n@ms15.hinet.net
www.sciencedirect.com/science/journal/18783317
http://www.jecm-online.com
http://dx.doi.org/10.1016/j.jecm.2011.11.011
http://dx.doi.org/10.1016/j.jecm.2011.11.011
http://dx.doi.org/10.1016/j.jecm.2011.11.011


Figure 1 Effect of bupivacaine on non-stimulated tracheal smooth muscle.
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administration (45 mg/kg) and two pieces of trachea each w5 mm
long were removed from each rat. Each specimen was mounted
using two steel plates and immersed in a bath containing 30 mL of
Krebs solution (118 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl2, 1.2 mM
MgSO4$7H2O, 25.0 mM NaHCO3, 10.0 mM glucose) at 37�C aerated
with 5% CO2 balanced in oxygen as described.3 The upper side of the
tracheal strip was attached to a Grass FT-03 force displacement
transducer (AstroMed, West Warwick, RI, USA) using a steel plate
and a 3-0 silk ligature. The other side of the strip was fixed to a steel
plate attached to the bath. A passive tension of 0.3 g was applied to
the strips and subsequent changes in tension were recorded
continuously using Chart V4.2 software (PowerLab, ADInstruments,
Colorado Springs, CO, USA). Tests showed that a tracheal strip
immersed in the bath solution used for subsequent experiments
did not contract when basal tension was applied. Prior to drug
addition or electrical stimulation, isolated trachea samples were
equilibrated in the bath solution for 30e45 min.
2.2. Stimulation of tracheal smooth muscle

An earlier study showed that methacholine can induce a dose-
dependent contraction of a tracheal strip and a concentration of
10�6 M resulted in significant contraction.3 In view of the toxicity of
the drug and fatigue of the tracheal smooth muscle, we used
10�6 Mmethacholine as a tracheal constricting drug. All drugswere
administered by adding a defined volume of stock solution to the
bath.

EFS (50 V, 5 Hz, pulse duration 5 milliseconds, trains of stimu-
lation for 5 seconds) was applied to the tracheal strip with twowire
electrodes parallel with the tissue and connected to a direct current
stimulator (Grass S44, Quincy, MA, USA). We used an interval of 2
minutes between stimulation periods to allow recovery from the
response. Stimulation was applied to the trachea strips at 37�C.
Figure 2 Representative time course of cumulative relaxation effect of bu
2.3. Assessment of effects of bupivacaine

To determine the cumulative doseeresponse relationships, bupi-
vacaine was added in increasing concentrations without washout
between additions of the drug. Sufficient time was allowed to
obtain the maximal effect of each dose. The effects of bupivacaine
on (1) tracheal smooth muscle resting tension, (2) contraction
caused by 10�6 M methacholine as a parasympathetic mimetic and
(3) electrically induced tracheal smooth muscle contraction were
assessed. Six tracheal strips were used for each experiment and one
untreated strip served as a control.

2.4. Statistical analysis

Drug concentrations are expressed as the concentration in the
30 mL of bath solution. Data are presented as mean � SD. Differ-
ences between mean values were compared using one-way anal-
ysis of variance. The statistically significant difference was set at
p < 0.05.

3. Results

The degree of contraction or relaxation in tracheal strips was
determined from the tension applied to the transducer. The addi-
tion of bupivacaine to the bath did not significantly alter the resting
tension in non-stimulated tracheal strips (Figure 1).

Tracheal contraction induced by methacholine was easily
detected and the tissue remained in a contracted state until the
drug was rinsed from the tissue. When bupivacaine was cumula-
tively applied to the steady state of 10�6 M methacholine-induced
contraction, a concentration-dependent tension reduction
occurred (Figure 2). At 10�8 M bupivacaine, the tension was
98.2% � 2.6% of control values; at 10�4 M bupivacaine the tension
was 56.7% � 10.3% and at 10�3 M bupivacaine the tension was
e13.7% � 13.8% (Figure 3). The contraction induced by methacho-
line was totally abolished at 10�3 M bupivacaine. The inhibition of
contraction was statistically significant (p < 0.05) at 10�4 M and
10�3 M bupivacaine compared to that at 10�8 M bupivacaine and
the control.

The tracheal strips contracted in response to EFS at 5 Hz. After
the contraction reached a steady state, bupivacaine was added to
the bath to different final concentrations. The peak tension of the
tracheal strip induced by EFS was not changed following the
addition of bupivacaine to 10�8 M; whereas at 10�5 M, 10�4 M and
10�3 M bupivacaine, the peak tension was 90.4% � 4.5%,
27.2% � 10.6% and 0% of the control, respectively. Bupivacaine also
pivacaine on 10�6 M methacholine-induced rat tracheal contraction.



Figure 3 Concentration-dependent relaxation effect of bupivacaine on 10�6 M
methacholine-induced tracheal contraction. *A p value <0.05 comparing
10�4Me10�3M bupivacaine with 10�8Me10�5M bupivacaine. Values are mean � SD
(n ¼ 6).

Figure 5 Concentration-dependent relaxation effect of bupivacaine on tracheal
contraction produced by EFS. *A p value <0.05 comparing 10�5M�10�3M bupivacaine
with 10�8M�10�6M bupivacaine. Values are mean � SD (n ¼ 6).
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decreased the spike contraction induced by EFS (Figure 4). The
spike contraction was totally inhibited at 10�3 M bupivacaine
(Figure 5). The peak tension values of the tracheal strip evoked by
EFS at 10�5 M, 10�4 M and 10�3 M bupivacaine were significantly
lower (p < 0.05) than that observed for 10�8 M bupivacaine.
4. Discussion

Many in vitro assays have been used for investigating tracheal
responses to local anesthetics or other drugs. In those assays, the
tracheal preparation was opened by cutting through the cartilage
rings or the tracheal mucosa was removed or only tracheal smooth
muscle strips were used.9e13 All of these procedures violate the
normal physiology in vivo. The tracheal strips used in our exami-
nationwere excised as an intact trachea ring without damaging the
mucosa or smooth muscle; i.e., they were crude preparations that
containedmucosa, cartilage and tracheal smoothmuscle. The intact
tracheal ring is an important component of our study. Our test was
much more robust and representative of a physiological situation
than tests in which the tracheal rings were destroyed. It was
therefore reasonable to assume that the tracheal response to the
test drug in our investigation was comparable to those observed
after application of a spray to the trachea during an asthma attack
or stimulation.

In this study, neither low nor high concentrations of bupivacaine
caused the non-stimulated tracheal strip to contract. This suggested
Figure 4 Representative time course of cumulative relaxation effect of bupivacaine on
EFS-induced rat tracheal contraction.
that aerosol administration of bupivacaine might not elicit bron-
chospasm in patients with bronchial hyper-reactivity.

It was noteworthy that the tracheal strip relaxation induced by
bupivacaine was dependent on the prior smooth muscle contrac-
tion induced by methacholine. This finding implied that this drug
might be effective in relieving asthma or bronchospasm. Bupiva-
caine, a long-duration local anesthetic that could reduce
methacholine-induced contraction of smooth muscle, is known as
a sodium channel blocker but how the sodium channel blocker
affects the tracheal smoothmuscle remains unclear. Although it has
been demonstrated that lidocaine relaxes airway smooth muscle
directly by decreasing the intracellular concentration of Ca2þ, the
exact mechanism requires further exploration.11

EFS-induced contraction of canine nasal mucosa disappeared
after ipsilateral cervical sympathetic ganglionectomy. The EFS-
induced spike contraction of nasal mucosa was proven from the
stimulation of sympathetic innervation.14 Under these conditions,
tracheal smooth muscle spike contraction in response to the EFS in
the present study was considered to result from the stimulation of
parasympathetic innervation. The frequency of stimulation (5 Hz)
used is within the physiologic range of parasympathetic nerve
activity. Thus, the anesthetic effects under these experimental
conditions could reflect an important mode of action in the intact
organism. In this study, the EFS-induced contraction of trachea
smoothmusclewas decreased progressively as the concentration of
bupivacaine was increased. This suggests that the amide-linked
anesthetic antagonized the parasympathetic innervation in the
tracheal smooth muscle contraction and might have an anti-
spasmic effect on the tracheal smooth muscle in patients with
asthma or prone to bronchospasm. Bupivacaine, like other local
anesthetics, can inhibit action potential by blocking the sodium
channel, which is thought to contribute to inhibition of neural
transmission during electrical stimulation.

Several studies have characterized the action of local anesthetic
agents on tracheal smooth muscle reactivity and have shown that
bupivacaine can induce relaxation of tracheal smooth muscle
contraction induced by cholinergic agents, an action that was
partially dependent on Ca2þ influx into the muscle cells.15,16 Aside
from the anticholinergic effect, our study showed that bupivacaine
inhibited tracheal smooth muscle responsiveness to electrical
stimulation. Thus, the relaxant effect of bupivacaine was caused by
depression of neural response to EFS in addition to antagonism of
the cholinergic agents.
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In conclusion, our in vitro study revealed concentration-
dependent bupivacaine attenuation of the tracheal contractions
induced by EFS and by a depolarizing agent in a manner. These
findings imply that bupivacaine might inhibit cholinergic neuro-
transmission and have an anti-spasmic effect on the trachea.
References

1. Benyl J, Pacicca C. Bidirectional electrical communication between smooth
muscle and endothelial cells in the pig coronary artery. Am J Physiol
1994;266:H1465e72.

2. Ichimura K, Jackson RT. Calcium, calcium blockers, and nasal smooth muscle.
Arch Otolaryngol 1983;109:593e7.

3. Wang HW, Wu CC. Effects of oxymetazoline on isolated rat’s tracheal smooth
muscle. Eur Arch Otorhinolaryngol 2008;265:695e8.

4. Jain SK, Trenchard D, Reynolds F, Noble MIM, Guz A. The effect of local anes-
thesia of the airways on respiratory reflexes in the rabbits. Clin Sci
1973;44:519e38.

5. Bulow K, Nielsen TG, Lund J. The effect of topical lignocaine on intubating
conditions after propofol-alfentanil induction. Acta Anaesthesiol Scand
1996;40:752e6.

6. Cross BA, Guz A, Jain SK, Archer S, Stevens J, Reynolds F. The effect of the
anaesthesia of the airways in dog and man: a study of respiratory reflexes,
sensations, and lung mechanics. Clin Sci Mol Med 1976;50:439e54.
7. Groeben H, Schwalen A, Irsfeld S, Stieglitz S, Lipfert P, Hopf HB. Intravenous
lidocaine and bupivacaine dose-dependently attenuate bronchial hyperreac-
tivity in awake volunteers. Anesthesiology 1996;84:533e9.

8. Szocik JF, Gardner CA, Webb RC. Inhibitory effects of bupivacaine and lidocaine
on adrenergic neuroeffector junctions in rat tail artery. Anesthesiology
1993;78:911e7.

9. Bratton DL, Tanaka DT, Grunstein MM. Effects of temperature on cholinergic
contractility of rabbit airway smooth muscle. J Appl Physiol 1987;63:1933e41.

10. Gonzalez O, Santacana GE. Effect of low temperature on tracheal smooth
muscle contractile and relaxing responses evoked by electrical field stimula-
tion. Phys Res 2001;20:237e43.

11. Kai T, Nishimura J, Kobayashi S, Takahashi S, Yoshitake JI, Kanaide H. Effects of
lidocaine on intracellular Ca2þ and tension in airway smooth muscle. Anes-
thesiology 1993;78:954e65.

12. Yau KI, Ko FN, Chien CH. Effects of prokinetic agents on contractile responses to
electrical field stimulation of isolated guinea pig trachea. J Formos Med Assoc
1999;98:567e72.

13. Yau KI, Hwang TL. The nonadrenergic noncholinergic system can modulate the
effect of prokinetic agents on contractile response of isolated guinea pig
trachea segments to electrical field stimulation. J Formos Med Assoc
2002;101:695e9.

14. Wang HW, Jackson RT. Do cholinergic neurons directly innervate nasal blood
vessels? Rhinology 1988;26:139e46.

15. Downes H, Loehning RW. Local anesthetic contracture and relaxation of airway
smooth muscle. Anesthesiology 1977;47:430e6.

16. Lautner RQ, Zapata-Sudo G, Sudo RT. Relaxation of tracheal smooth muscle
independent on functional epithelium cells induced by lidocaine, bupivacaine
and isomers in rats. Eur J Pharmacol 2009;610:93e8.


	Effects of Bupivacaine on the Isolated Rat Tracheal Smooth Muscle
	1. Introduction
	2. Methods
	2.1. Study design
	2.2. Stimulation of tracheal smooth muscle
	2.3. Assessment of effects of bupivacaine
	2.4. Statistical analysis

	3. Results
	4. Discussion
	References


