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ABSTRACT

PURPOSE: To assess the probable actions of ropivacaine, 50% enantiomeric excess bupivacaine mixture (S75-R25) and levobupivacaine

on neuromuscular transmission in vitro.

METHODS: Thirty rats were distributed into groups (n=5) according to the drug used: ropivacaine, bupivacaine (S75-R25) and
levobupivacaine. The concentration used for the three local anesthetics (LA) was 5 pg.mL."The following parameters were evaluated:
1) LA effects on membrane potential (MP) and miniature end plate potential (MEPP). A chick biventer cervicis preparation was also
used to evaluate LA effects on the contracture response to acetylcholine.

RESULTS: LA did not alter MP values and decreased the frequency and amplitude of MEPP. In a chick biventer cervicis preparation,
bupivacaine (S75-R25) and levobupivacaine decreased the contracture response to acetylcholine with statistical significance, in
comparison to ropivacaine.

CONCLUSIONS: In the concentrations used, levobupivacaine and bupivacaine (S75-R25) exhibited presynaptic and postsynaptic
actions evidenced by alterations in miniature end plate potentials and contracture response to acetylcholine. Ropivacaine only had a
presynaptic action.
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Introduction

The mechanism of action of local anesthetics and
their effects on synaptic transmission have not yet been fully
elucidated. Furthermore, the effects of local anesthetics on the
electrophysiological properties of the nerve cell body have also
not been investigated in detail. Some authors have studied the
iontophoretic effects of procaine on spinal motoneurons in cats
submitted to orthodromic stimuli, and observed suppression
of neuronal spike potential without alteration in excitatory
postsynaptic potential and membrane resistance'. Other authors,
using the dorsal root ganglion isolated from frog spinal cords,
confirmed the depressant action of procaine in the generation of
spike potential to direct stimulation of ganglion cells®. Tabatabai et
al?studied the effects of lidocaine and racemic bupivacaine on the
presynaptic and postsynaptic components of synaptic transmission
of the rat sympathetic ganglion and observed blockade in various
stages of synaptic transmission. The effects of these drugs on
membrane potentials and miniature end plate potentials were
studied in rats and interference at some phase of neuromuscular
transmission was described*>.

The aim of this study was to evaluate the probable
50%
excess bupivacaine S75-R25 mixture and levobupivacaine on

mechanisms of action of ropivacaine, enantiomeric

neuromuscular transmission in experimental models.

Methods

This is an in vitro experimental study. The procedures
used are in compliance with the ethical principles for animal
experimentation, adopted by the Brazilian College of Animal
Experimentation (BCAE) and were approved by the Ethics
Committee for Animal Experimentation of the Institute of Biology
of the State University of Campinas (protocol n® 2346-1).

To evaluate the effects of ropivacaine, 50% enantiomeric
excess bupivacaine mixture and levobupivacaine on miniature
end plate potentials and membrane potentials, a phrenic nerve-
rat diaphragm preparation was used, according to methodology
proposed by Bulbring?®.

Thirty male Wistar rats (weight range: 180 - 250g) were
used. Animals were anesthetized with urethane (1.2mg.kg’, by
intraperitonial injection), exsanguinated by severance of major
blood vessels in the neck to facilitate the identification and removal
of the left hemidiaphragm and portion of the corresponding
phrenic nerve. The preparations were fixed in a vat containing 40

mL of Tyrode nutrient solution, constantly aerated with carbogen

(95% O, + 5% CO,) and maintained at 37°C. To evaluate local
anesthetic effects on miniature end plate potentials and membrane
potentials, the following groups were formed, according to the
local anesthetic added to the preparation: Group I - ropivacaine;
Group II — 50% enantiomeric excess bupivacaine mixture; Group
IIT — levobupivacaine. In all groups, local anesthetic concentration
was 5.0 pg.mL.!

To evaluate postsynaptic events of local anesthetics, a
chick biventer cervicis preparation was used, mounted according to
methodology described by Ginsborg and Warriner.” Twelve chicks
aged four to eight days, weighing from 40 to 80g, anesthetized with
halothane by inhalation, followed by the removal of the biventer
cervicis muscle, which was suspended in a Sml-tub containing
Krebs nutrient solution. The preparation was aerated with
carbogen and temperature was maintained at 37°C. Experiments
were performed (n=4) for the detection of the acetylcholine curve
(5g.mL") before and 30 minutes after the addition of each local
anesthetic: ropivacaine, 50% enantiomeric excess bupivacaine
mixture and levobupivacaine, in the same concentration used
in rat experiments (5 ug.mL™"). Indirect stimulation of skeletal
muscles was performed with supramaximal pulses (duration:0.2
ms; frequency:0.1Hz). Responses to acetylcholine were recorded
by a Gould RS 3400 chart recorder, before and 30 minutes after
the addition of ropivacaine, 50% enantiomeric excess bupivacaine
mixture and levobupivacaine.

Local anesthetic effects were evaluated on: 1) membrane
potentials (MP) and miniature end plate potentials (MEPP); 2)

contracture response to acetylcholine.
Statistical analysis

Results were expressed as means and standard deviations.
For analysis of membrane potential of muscle fibers and contracture
response to acetylcholine, Wilcoxon’s test and Student’s t-test for
paired samples were used. A significance level of 5% was adopted
(p < 0.05). The power of the test was calculated, obtaining b >
20% (power > 80%).

Results

Ropivacaine, 50% enantiomeric excess bupivacaine
mixture and levobupivacaine in the concentrations studied, caused
no significant alterations in membrane potentials. The effects of
local anesthetics on miniature end plate potentials (MEPP) are
initially characterized by a decrease in frequency and amplitude,

observed 30 minutes after drug addition, followed by blockade in
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60 minutes.

In the chick biventer cervicis preparation, the percentages
of decrease in the contracture response to acetylcholine, caused
by the local anesthetics ropivacaine, 50% enantiomeric excess
bupivacaine mixture and levobupivacaine in the concentration
studied (5Smg.mL") were 16.07% + 6.01; 33.12 % + 11.51 and
19.35% + 3.67,

with 50% enantiomeric excess bupivacaine and levobupivacaine

respectively. This reduction was significant

(p=0.01), in comparison to ropivacaine (p = 0.12).

Discussion

Local anesthetics are a group of drugs that are widely
used by different routes of administration, such as topical,
subcutaneous infiltration, blockade of peripheral nerves and
neuraxial anesthesia (spinal and epidural), in the prevention and
relief of acute and chronic pain®®. Because LA are amphiphilic
molecules, they have high affinity for excitable cell membranes,
inactivating voltage-gated sodium channels, and thus preventing
the influx of ions necessary for membrane depolarization. It is
believed that a decrease in membrane permeability to sodium
ions occurs by two mechanisms: general alterations in membrane
fluidity with conformational changes in protein-voltage-gated-
sodium channel and/or by the specific interaction between local
anesthetics and sodium channels'®!2. On the other hand, a direct
correlation between hydrophobicity and anesthetic potency
indicates that nonspecific partition of a large quantity of local
anesthetic in the lipid bilayer is important to facilitate access of
the molecule to voltage-gated sodium binding sites'*.

The enantiomeric bupivacaine mixture, ropivacaine,
mepivacaine, racemic bupivacaine and levobupivacaine,
commonly contain a chiral center in the piperidinic ring, providing
optic isomers with S (-) and R (+) configurations, a stereoisometry
that may also contribute to cell membrane fluidity'%.

Theoretically, these agents may interfere in some phase
involved in neuromuscular transmission. Local anesthetics
selectively depress motor fiber conduction and reduce the release
ofacetylcholine during nerve stimulation by presynaptic action'>"”.
These drugs may bind to different specific acetylcholine sites,
resulting in desensitization of these receptors by postsynaptic
action. Furthermore, they may temporarily occlude nicotinic
receptor channels'®2.

There is no evidence that LAs inhibit the synthesis of
acetylcholine, but in low concentrations these agents interfere with
miniature end plate potential. Thus, impairment in quantal release

ofacetylcholine and alterations in miniature end plate potential may
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manifest a presynaptic action. To evaluate local anesthetic action
on presynaptic and postsynaptic sites, electrophysiological studies
have been conducted. These experiments detect the spontaneous
release of one quantum of acetylcholine and may investigate
the influence of drugs used in the presynaptic region, due to its
interference in the processes of mediator production or release.
The postjunctional effect may be attributed to interference with the
receptor occupied by the transmitter and the reduced sensitivity of
the postjunctional membrane to acetylcholine!¢-17:19-20,

In electrophysiological studies, similarly to other
studies*>?2, we observed that local anesthetics did not produce
alterations in the membrane potential of muscle fibers in the
concentration employed, and potential is maintained within
normal limits. According to descriptions by others authors?' it
can be inferred that these drugs do not possess a depolarizing
action on the muscle fiber. Their mechanism of action on the
neuromuscular junction is not related to stabilizing activity of
the muscle membrane. However, local anesthetics prevent the
conduction of propagated action potentials, without affecting
membrane potential.

The small amount of acetylcholine, ineffective to trigger
an action potential, is continuously and spontancously released
and does not require electrical neural stimulation. This release
is responsible for small amplitude potentials, corresponding to
one hundredth the amplitude of the end-plate potential produced,
named plate minipotential or miniature end plate potentials. The
function of miniature end plate potential is unknown, but seems
to be related to the maintenance of muscle trophism??. The study
of MEPPs is important to investigate the presynaptic effects of the
drugs used, due to its interference in mediator release®. In contrast
to previous reports on lidocaine*>?!, describing that it initially
increases MEPP frequency, the local anesthetics used in the study
caused a progressive decrease both in the frequency and amplitude
of these potentials until complete blockade.

In the postsynaptic membrane, local anesthetics are
capable of binding to specific areas of nicotinic receptors, different
from specific areas of acetylcholine, promoting desensitization of
these receptors!'®2,

LA effects were also evaluated in the chick biventer
cervicis preparation. Due to the high density of nicotinic
cholinergic receptors present in bird muscles, the response to
acetylcholine permits us to evaluate the affinity of these drugs to
these receptors in the postsynaptic region. The results observed
in this preparation indicate that different local anesthetics in the
concentrations used, reduced the contracture response induced by

acetylcholine, and are similar to those previously described by



Evidence of presynaptic and postsynaptic action of local anesthetics in rats

Braga et al.’. These authors found a significant decrease in the
response to acetylcholine in preparations exposed to lidocaine and

enantiomeric excess bupivacaine mixture.

Conclusions

Theresultssuggestapresynapticaction, withmodifications
in quantal release of acetylcholine and a postsynaptic action in
nicotinic receptors, preventing or decreasing neurotransmitter
action, and not an effect on muscle fibers. Therefore, there seems
to be a curaremimetic action, with a probable action on the

neuromuscular junction, particularly the motor nerve ending.
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