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Effects of levobupivacaine on isolated rat tracheal smooth muscle
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Abstract Levobupivacaine has been developed as a safer
alternative to bupivacaine because of its reduced systemic
toxicity. However, the effect of directly delivering levobupi-
vacaine into tracheal smooth muscle has not been ade-
quately explored. We performed this study to determine the
in vitro effects of levobupivacaine on isolated rat tracheal
smooth muscle. A portion of rat trachea 5 mm in length
was mounted in 30 ml of Krebs solution in a muscle bath
at 37 °C. The following effects of levobupivacaine were
assessed: (1) the effect on tracheal smooth muscle resting
tension (n = 6), (2) the effect on contraction caused by
10~® M methacholine (n = 6) and (3) the effect on electri-
cally induced tracheal smooth muscle contractions (n = 6).
Levobupivacaine caused dose-dependent relaxation in the
trachealis muscle precontracted with 10~% M methacholine.
Contraction inhibition was statistically significant when
1075 and 10~* M levobupivacaine were applied, compared
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with the contraction inhibition that occurred in the control
groups (p < 0.01). A high dose of levobupivacaine also
decreased the spike contraction induced by electrical field
stimulation. This study indicated that high concentrations
of levobupivacaine might antagonize the cholinergic recep-
tors and inhibit parasympathetic function of the trachea.

Keywords Levobupivacaine - In vitro study - Smooth
muscle - Trachea - Electrical field stimulation

Levobupivacaine, an amide-linked local anesthetic, has
been developed as a safer alternative to bupivacaine
because of reduced systemic toxicity. Its vasoconstrictive
activity and long-acting effects may be advantageous for
topical applications or infiltrative anesthesia. Clinical tri-
als have demonstrated that topical levobupivacaine is more
effective than lidocaine in producing postoperative analge-
sia after nasal surgery [1]. Nebulized lidocaine is a useful
therapy to reduce airway reactivity in patients with chronic
asthma [2]. However, inhaled lidocaine may cause vagally
mediated reflex bronchoconstriction, most likely by stim-
ulating irritant receptors within the airways [3]. No study
has examined how levobupivacaine affects hyperreactive
airways in either animals or humans. The effect of directly
delivering levobupivacaine into tracheal smooth muscle has
not been adequately explored. Therefore, we use a simple
in vitro model to investigate the effects of levobupivacaine
on the contractile response of isolated rat tracheal smooth
muscle to methacholine and electrical field stimulation
(EFS).

This study was approved by the Institutional Animal
Care and Use Committee of Taipei Medical University
(approval number: LAC-2013-0098). The equipment and
process were designed based on our previous studies [4—6].
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Eighteen rats were anesthetized by intraperitoneal admin-
istration of pentobarbital (45 mg/kg), and two pieces of
trachea approximately 5 mm in length were removed from
each rat. Each specimen was mounted using 2 steel plates
and immersed in a 30-ml muscle bath of Krebs solution
(118 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl,, 1.2 mM
MgSO,-7H,0, 1.2 mM KH,PO,, 25.0 mM NaHCO; and
10.0 mM glucose) at 37 °C aerated with 5 % CO, balanced
in oxygen. The upper side of the tracheal strip was attached
to a Grass FT-03 force displacement transducer (AstroMed,
West Warwick, USA) by 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 con-
tinually recorded using Chart V4.2 software (PowerLab,
ADInstruments, Colorado Springs, USA).

Methacholine can induce a dose-dependent contraction
of a tracheal strip, and a concentration of 10~° M results in
a significant degree of contraction [4]. Before drug assays
were conducted, isolated tracheal samples were equili-
brated in the bath solution for 30 to 45 min. We used 107°
M methacholine as a contraction agent for the trachea. All
drugs were administered by adding a defined volume of
stock solution to the tissue bath solution.

EFS (5 Hz, 5-ms pulse duration at a voltage of 50V, 5-s
trains of stimulation) was applied to the tracheal strip with
2 wire electrodes that were parallel to the tissue and con-
nected to a direct-current stimulator (Grass S44, Quincy,
USA). An interval of 2 min was imposed between each
stimulation period to allow for recovery from the response.
Stimulation was applied to the tracheal strips at 37 °C.

The following effects of levobupivacaine were assessed:
(1) the effect on tracheal smooth muscle resting tension
(n = 6), (2) the effect on contraction caused by 10°°M
methacholine (n = 6), and (3) the effect on electrically
induced tracheal smooth muscle contractions (n = 6). In
each experiment, one untreated strip served as the control.

Concentrations of the drugs are expressed as concentra-
tions used in the 30-ml bath solution. Data are presented
as mean values and standard deviations (SDs) and statisti-
cal significance was tested using a one-way ANOVA with
Bonferroni’s post hoc test; P values less than 0.01 were
considered significant.

The degree of contraction or relaxation of the tracheal
strips was based on the tension applied to the transducer.
Levobupivacaine exerted a negligible effect on the basal
tension of the trachea as the concentration increased (not
shown).

When levobupivacaine was cumulatively applied to the
steady state of 107® M methacholine-induced contraction,
the trachea relaxed (Fig. l1a). When 10~® M levobupiv-
acaine was used, the tension was 94.8 &+ 1.1 % of the con-
trol value, and when 107> and 107* M levobupivacaine
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Fig. 1 a Original recording of the effects of levobupivacaine on 10~°
M methacholine-induced contraction of rat trachea (n = 6). b Origi-
nal recording of the effects of levobupivacaine on electrically induced
tracheal smooth muscle contractions (n = 6)

were used, the tensions were 56.7 £ 4.2 and 13.7 = 5.7 %,
respectively (Fig. 2a). Contraction inhibition was statisti-
cally significant when 107> and 10~* M levobupivacaine
were applied, compared with the contraction inhibition that
occurred when the 10~® M levobupivacaine was used and
that which occurred in the control group (P < 0.01).

Levobupivacaine also inhibited the spike contraction
induced by EFS (Fig. 1b). The peak tension of the tracheal
strip evoked by EFS after adding 10~8 M levobupivacaine
was 100 =£ 0.0 %, whereas the peaks were 37.2 &£ 3.3 % after
adding 10~> M levobupivacaine. The spike contraction was
completely inhibited by 10~* M levobupivacaine (Fig. 2b).
The peak tension values of the tracheal strip evoked by EFS
when 107> and 10~* M levobupivacaine were used were sig-
nificantly lower than that of the control group (P < 0.01).

Although in vitro assays for investigating tracheal
responses to local anesthetic have been developed [7, 8],
our method provides distinct advantages. The epithelium
layer plays an essential role in modulating the basal tone
and reactivity of smooth muscle. Because the method of
preparing isolated trachea used in our experiments involved
maintaining intact rings without damaging the epithe-
lium or mucosa, our model adequately represents tracheal
responses to the test agents.

In rats and humans, acetylcholine released from para-
sympathetic nerve terminals is recognized as the most criti-
cal bronchoactive pathway in the airways [9]. The results
derived from in vitro studies on the effects of local anesthet-
ics on airways are conflicting. Clinically relevant concentra-
tions of lidocaine caused guinea pig tracheal smooth muscle
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Fig. 2 a Effects of levobupivacaine on 10~® M methacholine-induced
contraction (contraction area calculated at 100 %, without levobupiv-
acaine) of rat trachea. Contraction inhibition was statistically signifi-
cant when 107> and 10~ M levobupivacaine were applied, compared
with the contraction inhibition that occurred in the control group.
Asterisk P < 0.01 versus the control group. b Effects of levobupiv-
acaine on electrically induced smooth muscle contractions (contrac-
tion area calculated at 100 %, without levobupivacaine) of rat trachea.
The peak tension values of the tracheal strip evoked by electrical field
stimulation when 10~> and 10™* M levobupivacaine were used were
significantly lower than that of the control group. Asterisk P < 0.01
versus the control group

to contract [10]. Studies have used guinea pig trachealis to
demonstrate that bupivacaine produces a biphasic response,
exhibiting contraction at low concentrations and relaxation at
high concentrations [11]. However, our recent studies have
shown that these two local anesthetics did not lead to a sig-
nificant change in resting tension [4, 5]. In this investigation,
levobupivacaine exerted a minimal effect on the basal ten-
sion as the concentration increased. These results indicated
that levobupivacaine did not exert a direct contracting effect.

The findings on the dose-dependent protective effects of
levobupivacaine against methacholine-induced contraction

are consistent with the results obtained using lidocaine
and bupivacaine [4, 5, 7, 10, 12]. A first possibility is that
levobupivacaine may antagonize the effect of choliner-
gic agents. However, lidocaine acts as a noncompetitive
antagonist to cholinergic stimulation, and pretreatment
with atropine did not modify the ability of lidocaine to
inhibit hypertonic potassium contractions [13]. Moreo-
ver, lidocaine (10~ M) enhanced basal cyclic adenosine
monophosphate accumulation in bovine tracheal smooth
muscle precontracted with methacholine [8]. The results
supported the hypothesis that interaction with the mus-
carinic M2 receptor-mediated signaling pathway might
contribute to relaxation. Another possible explanation may
be an effect on calcium mobilization [9]. In porcine prepa-
rations, lidocaine inhibited both the acetylcholine-induced
increase in calcium sensitivity of the contractile apparatus
and the release of muscarinic M3 receptor-mediated intra-
cellular calcium [12]. In addition, the relaxant responses to
local anesthetics are partially attributable to the blocking of
extracellular calcium influx through voltage-dependent cal-
cium channels [7, 12]. We proposed that levobupivacaine
could modulate intracellular calcium dynamics in the pres-
ence of methacholine. Further studies could be conducted
to elucidate these possible mechanisms.

EFS activates nerve terminals within the preparation
and induces the release of endogenous neurotransmitters,
thereby triggering smooth muscle contraction. Because
the frequency used in our study was within the physi-
ological range of vagal stimulation (5—15 Hz), an EFS-
induced spike contraction of the tracheal smooth muscle
was believed to result from the stimulation of parasym-
pathetic innervation. Lidocaine is effective in protecting
against contractions evoked by the electrical stimulation of
guinea pig trachealis muscle [13]. In a study of both dogs
and rabbits, administering bupivacaine aerosol inhibited
the bronchoconstriction produced by an electrical stimula-
tion of a cut vagus nerve [14]. These phenomena may be
explained by the depression of efferent nervous activity in
the airways. Thus, this study demonstrated that high con-
centrations of levobupivacaine might attenuate nerve con-
duction and reflex arcs involved in the mediation of airway
hyperreactivity.

The findings of this study can be compared with the
results of previous studies that indicated that lidocaine and
bupivacaine induce complete relaxation at a concentration
of 1073 M [4, 5]. The concentration of local anesthetic
required to produce neural blockade was inversely related
to its potency. Under our experimental conditions, the
potency of levobupivacaine was greater than that of bupi-
vacaine and lidocaine in promoting the relaxation of the
airways muscle. The levobupivacaine findings suggested
that its in vitro effects and clinical potency as a local anes-
thetic were not correlated because levobupivacaine exhibits
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similar sensory and motor-blocking properties as bupiv-
acaine does [15]. The most reasonable explanation for this
may be related to differences in the effective tissue levels
of local anesthetics. The penetration of levobupivacaine
into the tracheal smooth muscle may be sufficiently deep to
achieve high concentrations in airway tissue. Future studies
focusing on the effects of tracheal smooth muscle and local
anesthetic tissue concentrations may clarify these concerns.

In conclusion, our in vitro study indicated that high con-
centrations of levobupivacaine might antagonize the cholin-
ergic receptors and inhibit parasympathetic function of the
trachea.
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