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Local anaesthetics block hyperpolarization-activated inward
current in rat small dorsal root ganglion neurones
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1 Hyperpolarizing voltage steps evoke slowly activating inward currents in a variety of neurones and
in cardiac cells. This hyperpolarization-activated inward current (/;,) is thought to play a significant
role in cell excitability, firing frequency, or in setting of the resting membrane potential in these cells.
We studied the effects of lidocaine, mepivacaine, QX-314 and bupivacaine as well as its enantiomers
on I, in the membrane of dorsal root ganglion neurones (DRG).

2 The patch-clamp technique was applied to small dorsal root ganglion neurones identified in 200 um
thin slices of young rat DRGs. Under voltage-clamp conditions, the whole-cell 1, current was recorded
in the presence of different concentrations of the local anaesthetics. In current-clamp mode the resting
membrane potential and the voltage response of DRG neurones to injected current pulses were
investigated.

3 I, was reversibly blocked by bupivacaine, lidocaine and mepivacaine applied externally in clinically
relevant concentrations. Concentration—response curves gave half-maximum inhibiting concentra-
tions of 55, 99 and 190 um, respectively. Bupivacaine block of the [;, current was not stereoselective.
No significant effect was observed when QX-314 was applied to the external surface of the membrane.
4 In current-clamp experiments 60 um bupivacaine slightly hyperpolarized the membrane. The
membrane stimulation by low-amplitude current pulses in the presence of bupivacaine showed an
increase of the hyperpolarizing responses.

5 Our findings suggest an important role of the I,-block by local anaesthetics in the complex
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mechanism of drug action during epidural and spinal anaesthesia.
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Introduction

Small dorsal root ganglion (DRG) neurones represent the
somata of myelinated AJ- and unmyelinated C-fibre type
neurones (Harper & Lawson, 1985) and possibly participate in
processing and transducing sensory information. These neu-
rones are involved in peripheral nerve block when exposed to
high concentrations of local anaesthetics during spinal and
epidural anaesthesia (Butterworth & Strichartz, 1990).

The blockade of different types of voltage-gated Na™
channels during regional anaesthesia by local anaesthetics
has been studied extensively and is of eminent importance for
suppressing pain transmission in peripheral nerve, dorsal root
ganglion neurones and dorsal horn neurones of the spinal
cord. Voltage-gated K* channels as well as background K+
channels play a major role in firing pattern in different types of
neurones (Connor & Stevens, 1971; Llinas, 1988; Christie,
1995; Safronov, 1999; Hess & El Manira, 2001; Hille, 2001;
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Olschewski et al., 2001) and further have an influence on cell
excitability and on resting membrane potential (Koh ez al.,
1992; Leonoudakis et al., 1998). Local anaesthetics were found
to block voltage-gated K™ channels (Olschewski et al., 1998;
Komai & McDowell, 2001). It has further been reported that
local anaesthetics inhibit a voltage-insensitive K* channel
mainly found in thin, myelinated fibres in Xenopus laevis (Brau
et al., 1995; Nau et al., 1999). Similar to this K" channel, a
recently described new family of two pore domain K™ selective
channels are sensitive to local anaesthetics (Leonoudakis et al.,
1998; Kindler et al., 1999; Buckler et al., 2000; Meadows &
Randall, 2001).

The resting potential of the DRG neurones is determined by
the counterbalancing action of two different voltage-sensitive
conductances, the delayed-rectifier potassium channel and the
hyperpolarization-activated inward current (/) (Mayer &
Westbrook, 1983). I, is typically seen as a slowly developing
inward current activation upon hyperpolarization beyond the
resting potential, which makes it a particularly useful
mechanism for determining integrative behaviour of these
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neurones. I, channels are almost as permeable to Na™ as to
K™, blocked by Cs™ and ZD 7288, a specific blocker of I,, but
not strongly blocked by Ba>* (Pape, 1996). An important and
physiologically significant property of 7, channels is their
ability to be regulated by neurotransmitters and metabolic
stimuli (Ingram & Williams, 1994; Raes et al., 1997, Wang
et al., 1997, Cardenas et al., 1999).

Because the modulation of I, by local anaesthetics has not
yet been examined, we studied the effect of lidocaine,
mepivacaine, QX-314 and bupivacaine as well as its enantio-
mers on [, in visually identified small DRG neurones. The
experiments were performed on thin-slice preparations of
young rat DRG by means of the patch-clamp technique,
in order to record [, from intact cells in which channel
properties and densities had not been modified by enzymatic
treatment.

Methods
Preparation

Experiments were performed with the patch-clamp technique
(Hamill et al., 1981) on 200 um thin slices prepared from DRG
of 6- to 12-day-old rats as previously described (Safronov et al.,
1996). Animals were rapidly decapitated and two or three
DRGs from lower thoracic and lumbar regions were carefully
cut out in ice-cold preparation solution which was bubbled
with O,—CO, (95-5%). The ganglia were desheathed using
fine forceps and embedded in the preparation solution
containing 2% (wv~') agar cooled down to 39°C (Edwards
et al., 1989; Takahashi, 1990). After solidification of the agar,
small blocks containing the ganglia were cut out and glued to a
glass stage fixed in the chamber of the tissue slicer. The ganglia
were sliced in ice-cold preparation solution under continuous
bubbling with O,—CO, (95-5%). Thereafter slices were
incubated for 30 min at 37°C.

The procedures used for animal decapitation were reported
to the local veterinarian authority and are in accordance with
the German guidelines.

Identification of neurones in DRG

In the tissue slice of the DRG, a dense population of DRG
cells with apparently no connective tissue between the cells was
seen under the microscope. The surface of the slice showed
cells with a clean membrane. Among these were some small
cells with a diameter of 15—25 um on which we performed our
experiments (Safronov et al., 1996).

Solutions

Preparation solution for preparing and maintaining the slices
contained (mm): NaCl 115, KCl 5.6, CaCl, 2.2, MgCl, 1,
glucose 11, NaH,PO, 1, and NaHCO; 25. The pH was 7.4
when bubbled with 95—5% mixture of O,—CO, and the final
[Na®] was 141 mM. In the experimental chamber the slices
were perfused with low-Ca’" solution (extracellular or bath
solution), in order to suppress large-conductance Ca®"-
activated K* channels. This solution comprised the same ion
concentrations as the preparation solution except that no
CaCl, was added. The experimental chamber with a volume of

0.6 ml was perfused continuously by extracellular solution at a
rate of 2—3mlmin~'. The internal solution (K;") contained
(mm): NaCl 5, KCl 144.4, MgCl, 1, EGTA 3, HEPES 10 (pH
was adjusted to 7.3 by 10.6 mm KOH).

Bupivacaine—HCl and lidocaine—HCl were purchased
from Sigma Chemical Co., mepivacaine was Scandicaine 4%
from Astra Chemicals (Wedel, Germany). The hydrophilic
quaternary derivative of lidocaine QX-314 was obtained
from Alomone Labs (Jerusalem, Israel). Bupivacaine
enantiomers were provided as crystalline HCl salts from
Astra Pain Control (Soédertdlje, Sweden). The drugs
were dissolved in distilled water to give 20-mM stock
solutions.

Current recordings

The patch pipettes were pulled in two stages from borosilicate
glass tubes (GC 150, Clark Electromedical Instruments,
Pangbourne, U.K.). All pipettes were fire-polished directly
before the experiments. The pipettes used for whole-cell
recording had a resistance of 3-4MQ. The patch-clamp
amplifiers used in all voltage- and current-clamp experiments
were a List EPC-7 (Darmstadt, Germany) and Axopatch 200-
B (Axon Instruments, Foster City, CA, U.S.A.). The effective
corner frequency of the low-pass filter was 1kHz. The
frequency of digitization was at least twice that of the filter.
The data were stored in a computer by using commercially
available software (pbCLAMP, Axon Instruments, Foster City,
CA, U.S.A)). Offset potentials were nulled directly before
formation of the seal. Liquid junction potential (<4 mV) was
measured during the current-clamp procedure and was not
corrected. Whole-cell capacitance and series resistance were
corrected (usually 40—-60%). No data were included where
series resistance resulted in greater than 10 mV error in voltage
command.

Hyperpolarization-activated inward cation currents were
recorded in whole-cell patch-clamp mode from the somata
of dorsal root ganglion neurones in extracellular solution.
The pipettes were filled with K;* solution. I, currents
were activated from a holding potential of —80 to
—160mV in 10mV steps. For concentration—effect
experiments currents were recorded from a holding
potential of —80mV in hyperpolarizing 60mV steps to
—140mV in the control and in the presence of local
anaesthetics (Figure 4).

For the comparison of the resting membrane potential (E,,)
before (control) and after application of bupivacaine, cells
were held in current-clamp at their resting E,,, (without current
injection). To compare the response to hyperpolarizing current
pulses before (control) and after application of bupivacaine,
we kept the membrane potential at the resting membrane
potentials without bupivacaine by injecting sustained depolar-
izing currents through the recording electrode. Traces recorded
in current-clamp mode were digitized with an interval of
0.1 ms.

After establishing a whole-cell patch, each slice was perfuse
for at least 4—5min with bath solution alone and with bath
solution containing different local anaesthetic concentrations
before data were acquired. Under these conditions the steady-
state block was reached in all cases.

All experiments were carried out at a room temperature of
22-24°C.
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Statistical analysis

The normalized amplitudes of I, currents in concentration—
effect curves were fitted by means of a nonlinear least-squares
procedure using a standard isotherm:

1/1y = 1/(1 + (¢/ICx)") ()

where [ is the current measured in the presence of a given drug
concentration, I, is the control current measured in the absence
of the drug, ¢ is the drug concentration, ICs, is the
concentration giving a half-maximum effect and / is the Hill
coefficient.

The present study is based on recordings from 57 DRG
neurones. All numerical values are given as mean +standard
error of the mean (s.e.m.). The parameters obtained by fitting
the data points using a nonlinear least-squares procedure are
given as mean+standard error (s.e.). Intergroup differences
were assessed by analysis of variance with post hoc analysis
using Fisher’s least-significant difference test. P<0.05 was
considered significant.

Result
I, recording, preliminary experiments

In order to estimate the relative contributions of potassium
selective and unspecific leakage conductances in small DRG
neurones in the slice preparation the region of minimum
membrane conductance was defined. For this purpose, the
steady-state currents were measured at different potentials
from +10 to —160mV. By analysing each of the slope
conductances the minimum of the membrane conductance was
found to be about —80mV. This voltage range was chosen in
voltage-clamp experiments of this study as the holding
potential to avoid the activation of depolarization-activated
conductances (Safronov et al., 1996). The minimum conduc-
tance was decreased by 73% in extracellular solution contain-
ing additional 20mm Cs*, 2mm Ba’* and 20mm TEA
suggesting that the greatest part of the conductance at
—80mV is due to delayed rectifier, inward rectifier and I,
currents.

I,, was observed in 57 of 131 (44%) small DRG neurones, a
result similar to that reported by Scroggs et al. and by Yagi
et al. (Scroggs et al., 1994; Raes et al., 1998). Hyperpolarizing
voltage commands elicited an initial current, referred to as the
instantaneous current (Z;,,; Figure 1a, b, triangles), followed by
the development of a slow inward current reaching a steady-
state level at the end of the voltage command (/; Figure la, b,
squares). The amplitude of [, was given as the difference of the
slow inward and instantaneous current (I, = I—1I;,; Figure 1b,
circle). The amplitudes of the instantaneous current and the
inward relaxation increased with increasing hyperpolarization.
Figure 1c shows a typical tail current of a small DRG neurone.
Current pulses positive to —60mV evoked the same tail
currents, indicating that no active [, currents were observed at
these potentials. Tail current amplitudes were normalized and
plotted against the membrane potential. The activation curve
of the I, current rose between —60 and —160mV with a
potential of half-maximum activation (Esy) of —103.8 +0.7mV
and a steepness factor (k) of 17.44+0.5mV (n=15) (Figure 1d).
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Figure 1 Hyperpolarizing-activated inward current (/;,) recording
in dorsal root ganglion neurones. (a) Hyperpolarizing voltage
commands elicited an initial current, referred to as the instantaneous
currents ([, triangle) proceeded by a steep capacity current and
followed by the development of a slow inward current reaching a
steady-state level at the end of the voltage command (/, square). (b)
Iy, I (circle) and I are plotted as a function of membrane potential.
The amplitude of 7;, was given as difference of the slow inward and
instantaneous currents (I, = I—1;,). The data were fitted by eye. (c)
Activation curves of [, current. Whole-cell recordings from de- and
hyperpolarization-activated currents evoked from —-80mV to
different test potentials. Tail-current relaxations are indicated by
arrows and are shown at higher resolution in the lower sets of traces.
(d) Normalized peak relaxation currents were fitted with the
Boltzmann equation: 1/(1 + exp(—(E—Es)/k)).

Figure 2a shows the pharmacological properties of the I
current. The I, current was sensitive to an extracellular
concentration of 2mM Cs* (n=9) but almost insensitive to
extracellular Ba®>* (2mwm; n=9). Externally applied 100 um ZD
7288, a selective blocker of I, channels, blocked the current
(n=10). No additional effect was seen after application of
1 mM bupivacaine (LA) in the presence of ZD 7288 (Figure 2a).

Effects of local anaesthetics on I,

I,, was sensitive to externally applied bupivacaine. Figure 2b
shows the response of a small DRG neurone in voltage-clamp
mode. Hyperpolarizing voltage steps evoked both 7, and I, in
this representative cell. About 1min after changing the
extracellular solution to that containing 100 uM bupivacaine,
the magnitude of the inward current evoked by hyperpolariza-
tion declined slowly, reaching the lowest level after about 4 min
(Figure 2d). The recovery was slow and varied from cell to cell:
90% recovery usually occurred between 6 and 12 min after the

British Journal of Pharmacologyvol 139 (7)
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Figure 2 Pharmacology of I, current. (a) Effect of 2mm Ba®*, 2mm Cs™ (left) and 100 um ZD7288 and 1 mMm bupivacaine in the
presence of ZD 7288 on I, (right panel). (b) Response of [, currents in dorsal root ganglion neurones to bupivacaine. Traces
demonstrate whole-cell 7, currents in control and after addition of a local anaesthetic (LA, extracellular 100 um bupivacaine). The
amplitude of 7;, was given as difference of the slow inward current (/;,, triangle) and the instantaneous current (/, square), with
(I, =I4—1I,). (c) Estimation of the reversal potential of [, current in control (open symbols) and after application of 100 um
bupivacaine (filled symbols, n=4). The membrane was hyperpolarized for 1s to —160mV, where I, is fully activated, and is
stepped back to different potentials (left). The same protocol was repeated for each neuron in the presence of extracellular 2mm Cs™*
in order to eliminate the contribution of other currents and was subtracted off-line. The instantaneous tail current amplitude
(indicated by arrow) of the caesium-sensitive traces were plotted with respect to membrane potential and a linear regression was
performed (right panel). (d) Plot of normalized I, amplitude at steps to —140mV from the small DRG neuron in (b), in response to
bupivacaine. The horizontal bar indicates the period of drug application.

bupivacaine-containing solution was replaced by extracellular
solution.

To estimate the reversal potential of the 7, current in control
and after application of the local anaesthetic bupivacaine we
used the method described by Doan and Raes (Raes et al.,
1998; Doan & Kunze, 1999) (Figure 2c). Bupivacaine 100 um
reversibly reduced the amplitude of I, (n =4; filled symbols).
The extrapolation of the linear regression to OpA gave a
projected reversal potential of [, of —35mV in control and
—43mV after application of bupivacaine (Figure 2c¢).

Figure 3 shows the effects of externally applied 100 um
bupivacaine, lidocaine, mepivacaine and QX-314 on I,
Externally applied QX-314, a hydrophilic quaternary deriva-
tive of lidocaine, which permanently carries a positive charge
and cannot penetrate the membrane, did not reduce the
amplitude of [, currents at all. The effect of the local
anaesthetics on 7, current was reversible.

In the following experiments, we estimated the concentra-
tion-dependent reduction of [, current by bupivacaine,
lidocaine, mepivacaine and QX-314. Local anaesthetics were
applied to small DRG neurones at increasing concentrations
(3 um—1mm). The amplitude of the [, current produced by
each concentration of the local anaesthetics (/) was normalized
to the maximal 7, current in the control (/,, Figure 4a).
Nonlinear least-squares fitting of equation (1) to the data
points was performed to evaluate half-maximum inhibiting
concentrations (ICsy). The best fitting was with a Hill

coefficient of 1, giving ICsy of 55+5um for bupivacaine
(n=06), 9+4um for lidocaine (n=6) and 190+ 15um for
mepivacaine (n=6), respectively. A good quality of fitting
obtained with a Hill coefficient of 1 indicated a one-to-one
interaction between the channel and the local anaesthetic
molecule. The ICs, values of bupivacaine, lidocaine and
mepivacaine were significantly different (ANOVA: P<0.05).
Blockade of I, was strongest by bupivacaine (Fisher’s test:
P<0.01) and weakest by mepivacaine (Fisher’s test: P<0.01).

Lack of stereoselective effect of the bupivacaine
enantiomers on I, current

The enantiomers R (+) and S (—) bupivacaine reversibly
blocked the 1, current (Figure 4b and c) in a concentration-
dependent manner. Concentration-inhibition experiments gave
ICsy values of 55+6um for R (+) bupivacaine (n=6) and
67+8um for S (—) bupivacaine (n=06), revealing a stereo-
potency ratio (+/—) of 1.21, which indicates that bupivacaine
enantiomers do not exert stereoselective effects on the I,
current (ANOVA: P>0.05).

Functional relevance of the I, current block by
bupivacaine

Current-clamp experiments were performed in low-Ca’*
experimental solution, in order to suppress large-conductance

British Journal of Pharmacology vol 139 (7)
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Figure 3 Averaged whole-cell /- V plots of I}, currents measured as
a difference between the steady-state (/) and instantaneous (I;,)
currents recorded on stepping to the membrane potential (E), Y /1,
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Neurones responded to 60um bupivacaine with slight
hyperpolarization of 2.4+0.6mV (n=7). Figure 5 depicts
the dependence of the change in membrane potential on the
resting membrane potential. Correlation coefficient (r), slope
factor and P of the regression line were 0.87, 0.31 and 0.01,
respectively. Next, the effects of bupivacaine on the voltage
response of DRG neurones to injected current pulses were
investigated (Figure 6). The membrane stimulation in current-
clamp mode by low-amplitude current pulses of + 30, —10,
—20 and —30pA showed an increase in the response to
hyperpolarization in the presence of bupivacaine, whereas the
response to depolarization was not affected (n=7).

Discussion

The present experiments show that local anaesthetics block the
hyperpolarization-activated inward current in spinal dorsal
root ganglion neurones of young rats. This effect is present at
clinically relevant concentrations.

The biophysical and pharmacological properties of I, in our
slice preparation are consistent with the characteristics of I,
reported in DRG neurones of mouse embryos in tissue culture

Figure 4 Effect of local anaesthetics on /;, currents. (a) Concentra-
tion-dependence of I, currents block by bupivacaine (square),
lidocaine (circle), mepivacaine (triangle) and QX-314 (diamond).
The data points were fitted by means of a nonlinear least-squares
procedure using a standard isotherm (equation (1)). The data for the
effect of QX-314 were fitted by eye. Error bars indicate+s.e. if
exceeding symbol size. (b) The representative current traces shown
here were recorded in the presence of 100um R (+) and S (—)
bupivacaine. (¢c) Concentration-dependence of I, current block by R
(+) bupivacaine (open circle) and S (—) bupivacaine (filled circle).
Curve represents fits of equation (1) to the data points. Error bars
indicate +s.e. if exceeding symbol size.

(Mayer & Westbrook, 1983) and many other cell types
(DiFrancesco et al., 1986; McCormick & Pape, 1990; Hwa &
Avoli, 1991; Maccaferri et al., 1993; Wang et al., 1997,
Takigawa et al., 1998; Cardenas et al., 1999). These observa-
tions are of special interest because the counterbalancing
actions of delayed-rectifier outward and hyperpolarization-
activated inward potassium conductances determine the
resting potential of DRG neurones (Mayer & Westbrook,
1983). Blockade of 7, may thus have a strong impact on
excitability of these neurones and many other cells.

British Journal of Pharmacologyvol 139 (7)
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Figure 5 Changes in membrane potential after application of 60 um
bupivacaine plotted against resting membrane potentials of the
neurones.

The mechanism underlying spinal and epidural anaesthesia
by local anaesthetics is generally explained by a blockade of
the generation and conduction of nerve impulses by inhibiting
ionic current through voltage-gated Na™ channels in the cell
membrane (Butterworth & Strichartz, 1990). However, an
increasing number of studies additionally describes the action
of local anaesthetics on different types of voltage-gated and
background K* channels (Koh et al., 1992; Brau et al., 1995;
Olschewski et al., 1996; Leonoudakis et al., 1998; Olschewski
et al., 1998; Kindler et al., 1999; Nau et al., 1999; Buckler et al.,
2000; Hille, 2001; Komai & McDowell, 2001; Meadows &
Randall, 2001), which modulate the resting membrane
potential and herewith excitability and firing behaviour of
the cell (Connor & Stevens, 1971; Llinas, 1988; Christie, 1995;
Safronov, 1999; Hess & El Manira, 2001; Hille, 2001;
Olschewski et al., 2001). It could be speculated that the effects
of local anaesthetics on small DRG neurones included also
other types of conductance like 7, explaining part of their
effect on membrane potential and excitability of these
neurones.

We found that the externally applied local anaesthetics
bupivacaine, lidocaine and mepivacaine lead to reversible and
concentration-dependent inhibition of [, in small DRG
neurones. The block exerted by the substances was concentra-

E (mV)
-40 - +30 pA
0 pA
— -30 pA
] control
_60 —
-80 -~ 30 ms

60 pM bupivacaine

tion-dependent but not stereoselective. The effect of local
anaesthetics on [, was largely voltage-independent. The half-
maximum inhibiting concentrations were 55, 99 and 190 um for
bupivacaine, lidocaine and mepivacaine, respectively and
reflect the potency of analgesia of these drugs. These
concentrations are clinically relevant for spinal and epidural
anaesthesia (Dennhardt & Konder, 1983; Biscoping, 1986) and
they are in a very similar concentration range as for Na™
channel inhibition (Scholz et al., 1998; Brau et al., 2000). In
contrast to Na™ current block, this block depends slightly on
lipophilicity, probably because interaction between the local
anaesthetic molecule and the binding site on the 7, channel is
less hydrophobic. Externally applied QX-314, a quaternary
derivative of lidocaine, which permanently carries a positive
charge and cannot penetrate the membrane, failed to block 7,
currents indicating that the binding site on the 7;, channel can
only be accessed from the internal site. In rat neurocortical
neurones it has been reported that following intracellular
injection of QX-314, the anomalous inward rectification was
completely abolished (Hwa & Avoli, 1991).

Stereoselective interactions of local anaesthetics with differ-
ent ion channels are of interest because they can reveal three-
dimensional relationships of the drug-—receptor interaction.
The effect of several local anaesthetics on Na™ channels,
because of their key role in regional anaesthesia, has been
extensively investigated during past decades. In frog peripheral
nerve a weak stereoselectivity for blocking of the compound
action potential by bupivacaine was demonstrated, revealing a
stereopotency ratio R (+)/S (—) of 1.6 (Lee-Son et al., 1992).
Similar sensitivity and stereoselectivity of Na* current to
bupivacaine enantiomers was reported by Nau ez al. (1999). In
addition, in GH; cells R (+ ) bupivacaine was shown to be 1.6-
fold more potent in inhibition of Na* channels (Wang &
Wang, 1992). In cardiac Na*t channels the block of the
inactivated state showed a moderate stereoselectivity with a
ratio of 1.7 for R (+) bupivacaine. Interactions of bupivacaine
enantiomers with the open and resting states were not
stereoselective (Valenzuela et al., 1995b). In TTX-resistant
Na™ channels of DRG neurones no stereoselectivity of the
inhibition of piperidine local anaesthetics mepivacaine, ropi-
vacaine and bupivacaine was found (Brau et al., 2000). Our
knowledge about the effects of local anaesthetic stereoisomers

superimposed

Figure 6 Effect of 60 um bupivacaine on the response to current injection of a dorsal root ganglion neurone. The resting potential
of this neurone was —64mV. Membrane stimulation in current-clamp mode by low-amplitude current pulses of + 30, —10, —20
and —30pA in the absence and presence of 60 um bupivacaine. The representative traces are shown superimposed on the right
(control, continuous line; bupivacaine, dotted line; n=6). Membrane potential was kept at —64 mV in both solutions. Note that
bupivacaine abolishes the rectification component and increases the voltage displacement caused by hyperpolarizing current flow.
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on K™* channels is limited. In a few studies, effects of
bupivacaine stereoisomers were investigated on voltage-depen-
dent K* channels. However, stereoselective bupivacaine block
has only been demonstrated on hKvl1.5 channels, but not on
Kv2.1 or Kv4.3 (Valenzuela et al., 1995a; Franqueza et al.,
1997; 1999). Recently, it has been shown that block of the
background flicker K* channel in peripheral nerve fibres has a
very high stereoselectivity ratio for bupivacaine (Nau et al.,
1999). Our results show that I, is not stereoselectively blocked
by bupivacaine which indicates that the exact three-dimen-
sional structure of the channel may be of minor importance for
drug binding. Clinically, peripheral nerve block by bupiva-
caine also shows little stereoselectivity which is in agreement
with our findings of 7, block. S (—) bupivacaine is preferred in
clinical use because it has fewer side effects on heart and brain
function.

Inward currents activated by hyperpolarizing voltage steps
beyond the resting membrane potential play an important role
in stabilizing the membrane potential in DRG neurones. I,
counterbalances prolonged membrane hyperpolarization pro-
duced by Ca®™ activated K* channels which are activated by
Ca’* influx during the action potential (Mayer & Westbrook,
1983). Under current-clamp conditions membrane potentials
evoked by hyperpolarizing current injections were more
negative in 60um bupivacaine than in control solution
(Figure 6). This is explained by the blockade of I, channels
which results in an increase in membrane resistance. Takigawa
and co-workers used ZD 7288, a selective blocker of I, to
demonstrate the presence of a voltage-dependent conductance
activated by membrane hyperpolarization in mammalian
peripheral nerve fibres (Takigawa et al., 1998). Activation of
I, at the resting membrane potential of small DRG neurones
depolarizes the membrane potential to the reversal potential of
I, which is about —35mV. Inhibition of [}, by local anaesthetics
at the resting level will consequently lead to less depolarization
when I, is activated.
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