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ABSTRACT

Most studies on anesthesia focus on the nervous system of mammals due to their interest in medicine. The
fact that any life form can be anaesthetised is often overlooked although anesthesia targets ion channel
activities that exist in all living beings. This study examines the impact of lidocaine on rice (Oryza sativa). It
reveals that the cellular responses observed in rice are analogous to those documented in animals,
encompassing direct effects, the inhibition of cellular responses, and the long-distance transmission of
electrical signals. We show that in rice cells, lidocaine has a cytotoxic effect at a concentration of 1%, since
it induces programmed reactive oxygen species (ROS) and caspase-like-dependent cell death, as already
demonstrated in animal cells. Additionally, lidocaine causes changes in membrane ion conductance and
induces a sharp reduction in electrical long-distance signaling following seedlings leaves burning. Finally,
lidocaine was shown to inhibit osmotic stress-induced cell death and the regulation of Ca** homeostasis.
Thus, lidocaine treatment in rice and tobacco (Nicotiana benthamiana) seedlings induces not only cellular
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but also systemic effects similar to those induced in mammals.

Introduction

Since the 19th century, the use of anesthesia has revolutionized
medicine so rapidly that it is now commonplace. Furthermore,
the significant progress facilitated by anesthesia in both human
and veterinary medicine has led to a general lack of awareness
among the public and specialists alike of the fact that the ability
to be anaesthetised, far from being specific to animal species, is
a trait common to all living creatures.'™* Many different che-
micals with no structural similarities have been found to
induce anaesthesia in animals.” Anaesthetics were shown to
act via specific proteins, notably Na* channels that control
neuronal excitability.”® However, anaesthetics appear to have
effects on many other proteins, receptors, and channels.”
Defining the actions of anaesthetics at the molecular and cel-
lular levels is still widely regarded as the sine qua non for
understanding their complex set of clinical effects: uncon-
sciousness, amnesia and immobility. Studies on alternative
models could thus provide significant advances both in the
understanding of anaesthetic cellular effects and in our theo-
retical understanding of this phenomenon common to all liv-
ing beings.

In recent years, there has been renewed interest in the
effects of anaesthetics on plants. Milne and Beamish showed
that local anaesthetics inhibit rapid leaf movement in the plant
Mimosa pudica.® More recently, diethyl ether has been shown
to cause inhibition of rapid trap closure mediated by inhibition
of electrical signaling in the Venus fly trap (Dionaea musci-
pula), a carnivorous plant.”'® Scherzer et al. have further
shown that diethyl ether treatment of Venus fly trap suppresses
the propagation of Ca®" and long-distance signaling through

action potentials (APs) triggering trap closure, and that gluta-
mate receptors (GLRs) are likely targets of this anesthetic.''
Diethyl ether seems able to impair long-distance electrical
signaling and Ca®" signaling in the model plant Arabidopsis
thaliana."”

Our study focuses on the effects of lidocaine, the most
widely used local anaesthetic in medicine. Originally called
lignocaine, from the Latin lignum (“wood”) or xylocaine from
the ancient Greek root, xylon (“wood”) because the molecule
made the limbs feel like wood, and from the end of the word
“cocaine” since the latter recalls local anaesthetic properties
and lidocaine presents a chemical structure similar to
cocaine.'” In animals, water-soluble lidocaine is known as
a local anaesthetic that blocks nonselective voltage-gated Na*
channels, inhibiting the propagation of APs."*"'” However,
lidocaine could also desensitize other channels like TRPAI,
a calcium permeable non-selective cation channel.'® In animal
models lidocaine can have an effect on cytosolic calcium levels,
which may be an increase, or a decrease depending on the
dose."” ' The effect of lidocaine on Ca** homeostasis seems
effectively complex and could further involve different Ca®*
regulations resulting from intracellular Ca®* release or Ca®"
influx.”*"** Lidocaine could also be incorporated into the
membrane altering membrane properties such as fluidity, per-
meability, and lipid packing order or disrupt raft-like ordered
membrane domains which have different potency for channel
blocking and neurotoxicity. > Lidocaine can affect intra- and
extra-cellular signalling pathways in both neuronal and non-
neuronal cells, resulting in long-term modulation of biological
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functions, including cell growth and death.?® Indeed, lidocaine
was shown to produce an increase in the amount of O,~
in vitro and in vivo.”>>® This reactive oxygen species (ROS)
generation is related to activation of caspases and induction of
apoptosis and necrosis in SH-SY5Y cells in a dose- and time-
dependent manner.™

In plants, lidocaine was shown as other anaesthetics to
inhibit the rapid movement of Mimosa pudica leaves.>'*>!
Yokawa et al. further demonstrated that lidocaine can induce
ROS generation and slow the rate of endocytic vesicle recycling
in plants that can alter membrane properties.'® Finally in
plants as in animals, anaesthetics seem to impede many global
biological functions over the long term. Indeed, the respiration,
the seed dormancy breaking and the chlorophyll synthesis were
altered after lidocaine treatments.'®** This study focuses on the
effect of lidocaine on rice (Oryza sativa), investigating whether
it induces cellular responses in plants resembling those
observed in animals.

Materials and methods

Two types of biological material were used in this study,
cultured cells of rice for cellular approaches, and young seed-
lings of rice and tobacco for measurements of systemic elec-
trical signals.

Rice culture conditions

Transformed rice cell suspensions (Oryza sativa L., cv.
Nipponbare) expressing the gene encoding apo-aequorin
(enabling quantification of cytosolic Ca**) were maintained
in AA culture medium complemented with 20 g.L ™" sucrose,
2mg.L™" 2,4-dichlorophenoxy acetic acid (2,4 D), 0.1 mg.L™"
kinetin at 22 + 2°C with continuous shaking (gyratory shaker at
150 rpm).*>** Cell suspensions were sub-cultured weekly using
a 1:35 dilution. All experiments were performed at 22 +2°C
using log-phase cells.

For rice (Oryza sativa L., cv. Giglio) and tobacco (Nicotiana
benthamiana) seedlings cultures, seeds were directly sown on
soil in 7cm® pots and grown in a controlled-environment
growth chamber in a 16h light/8h dark (1 plant per pot).
The intensity of white light at the level of plant leaves was
~50 umol m~>s™". The vegetation room was air-conditioned;
the temperature was 24 + 2°C and relative humidity 50-70%.
Plants were watered twice per week with tap water and no
other treatment was applied. After 1.5 or 2 months, seedlings
with the same development characteristics are selected and
placed in hydroponics in a nutrient solution (NF U 42-004,
Canna), for 7 days before being used for experiments.

Cell viability assays

Cell viability in the cell suspension culture was determined by
staining the dead cells with Evans blue dye (0.005%, w/v) by
mixing and incubating the cells and the dye for 10 min under
agitation.” Cells were counted under a microscope and cells
that accumulated Evans blue were considered dead. For each
independent treatment 200 cells were counted and the proce-
dure was repeated at least three times for each condition. The

inhibitory agents actinomycin D (AD) and cycloheximide
(Chx) were administered at a concentration of 20 pg.mL™"
each, 15 minutes prior to the application of lidocaine.

Caspase-like activity

Caspase-like activity detection in suspension cultured cells was
performed using the fluorescent caspase inhibitor FITC-VAD-
fmk (CaspAceTM, Promega, Ex=490nm, Em =528 nm),
according to the manufacturer’s instructions. Briefly, cells
were incubated with 10 uM FITC-VAD-fmk during 20 min
before treatment. The increase in fluorescence represents an
increase in caspase-like activity.”>*” For measurement, 45 pl of
cell suspension were placed in each well, and fluorescence was
recorded continuously for one hour by a plate spectrofluorom-
eter (Tecan infinite TM M200) and expressed in relative fluor-
escence units (RFU).

Cytosolic calcium measurements

Rice cultured cells expressing apoaequorin in the cytosol were
used to record cytoplasmic Ca** variations.”>® Aequorin was
reconstituted by overnight incubation of the cell suspensions
or seedlings in AA medium containing 12.5 pM native coelen-
terazine. For cell suspensions, 500 pL aliquots of cell suspen-
sion were directly transferred carefully to a luminometer glass
tube. Treatments with lidocaine were performed by gentle
pipette injection in the luminometer tubes. The luminescence
counts were recorded continuously at 0.2 s intervals with
a FB12-Berthold luminometer. At the end of each experiment,
the residual aequorin was discharged by addition of 1 mL of
a 1 M CaCl, solution dissolved in 100% methanol. The result-
ing luminescence was used to estimate the total amount of
aequorin for each condition. Calibration of calcium levels was
performed using the equation: pCa=0.332588(-logk) +
5.5593, where k is a rate constant equal to luminescence counts
per second divided by total remaining counts.® Data are
expressed as micromolar and are means + s.e.

Monitoring of ROS production

The production of ROS was monitored by measuring the
chemiluminescence of the Cypridina Luciferin Analog (CLA)
as previously described.’**? CLA is known to react mainly with
0," and 'O, by emitting light and allows measuring the ROS
in plant cells. Chemiluminescence from CLA was monitored
using a FB12-Berthold luminometer (with a signal integrating
time of 0.2 s). The ROS scavengers 1,2-dihydroxybenzene-
3,5-disulfonic acid disodium salt (Tiron) and 1,4 diazabicyclo
[2.2.2]octane (DABCO) were added 15 min before the different
treatments.

Measure of cell polarization

The Bis (1,3-dibarbituric acid)-trimethine (DiBAC,) was used
to measure plasma membrane polarization by fluorescence
emission.*>*! The rice cultured cells were incubated with this
probe (2uM) for 30min in the dark, under agitation.
Measurements were performed using a spectrofluorometer



(Tecan infinite TM M200) with 45 pl of cell culture per well.
Fluorescence is recorded continuously with 490 nm excitation
and 516 nm emission filters. An increase in fluorescence indi-
cates plasma membrane depolarization, and a decrease indi-
cates hyperpolarization. Measurements are recorded for 900
cycles of measurement, and treatment solutions were injected
at the 80" cycle. Polarization variations are expressed in RFU.
For each condition, 3 replicates were performed.

Measure Na* accumulation in rice cells

To analyze the Na* accumulation in the rice cultured cells, the
sodium indicator CoroNa-green was used (Molecular Probes,
USA). CoroNa-Green indicator (0.5 uM) was incubated with
the cells for 30 min then washed two times with de cell
medium.** The cells were treated with NaCl at the beginning
of the measurement in a 96-well plate with 50 uL of cells per
well (Tecan infinite TM M200 spectrophotometer). The excita-
tion wavelength was set at 485 nm and the emission were
detected at 516 nm.

Electrical signal measurements on seedlings

Numerous studies have demonstrated that burn-induced flame
stimulation leads to the propagation of an electrical signal along
the plant stem.*> We therefore chose this stimulus to test the
possible inhibitory effects of lidocaine on such signals. Seedlings
were maintained in hydroponics with or without 1% ("37 mM)
lidocaine for 1 h. The studies were carried out on 1.5 months-old
seedlings presenting the same developmental stage. The changes
in the electrical potential (EP) were measured in a Faraday cage
with two extracellular Ag/AgCl electrodes (a silver wire, 0.5 mm
diameter coated with silver chloride) inserted across leaves for
rice and stem for tobacco with a 10 cm space. The electrical
potential was recorded from tissues adjacent to the electrode, i.e.,
vascular bundles, parenchyma, and epidermis as described in
various studies.**™*” Electrical potential real time measurements
were implemented using a wireless universal unit HIOKI LR
8511 data acquisition system. The sample frequency of recording
was 100 ms. EP measurements were made at room temperature
(22 +2°C).
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Lidocaine treatments

In conducting experiments on cultured cells, lidocaine hydro-
chloride monohydrate was diluted in culture medium and
added directly to the experimental tubes or wells in varying
volumes to achieve the expected final concentrations. The
volume added was never exceeded by more than 10% of the
final volume of the tubes or wells. An equivalent volume of cell
culture medium was used as a control. In the case of experi-
ments conducted on whole seedlings, the 1% lidocaine solution
was replaced with water in the flask, and the roots were treated
for a period of 1 hour.

Statistical analysis

The statistical approach consisted in using Welch t test with
holm correction for multiple comparison on the various sam-
ples of three replicates at minima considering that they are
representative of a population following a normal pattern. The
R software (R version 4.1.3) was used and P-values <0.05 were
considered significant.

Results

Lidocaine could induce a PCD in subset of the rice
suspension cell population

Lidocaine was shown to induce cell death in both neuronal and
non-neuronal animal cells.”*** We first evaluated in rice cell
culture the impact of the additions of lidocaine 0.25 to 1%, in
the range of what is currently used in animal cells or plants
studies. Addition of lidocaine in the culture medium induced
a dose and time dependent increase in cell death reaching 30%
after 24 h for 1% of lidocaine (Figure 1(a,b)). Dead cells dis-
played a large cell shrinkage as frequently observed during
plant PCD process.***’ In order to confirm whether this cell
death was due to an active process requiring active gene
expression and cellular metabolism, rice cultured cells were
treated with actinomycin D (AD), an inhibitor of RNA synth-
esis, or with cycloheximide (Chx), an inhibitor of protein
synthesis, at 20 ug.mL™" each, 15 min prior to 1% lidocaine
exposures. In both cases, AD and Chx strongly reduced cell
death (Figure 1(c)). These results indicated that the lidocaine-
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Figure 1. Lidocaine induces programmed cell death (PCD) in rice cells. Evolution of dose -dependent cell death induced by lidocaine treatments at 6 (a) and 24 h (b) for 3
different concentrations: 1%, 0.5% and 0.25%. (c) Effect of pretreatment with actinomycin D (AD, 20 ug.mL‘1) or cycloheximide (chx, 20 pg.mL'1) on lidocaine-induced
cell death at 1% after 6 h. Each point represents one replicate. Significance is represented by *: p < 0.05, ***: p < 0.001 and ****: p < 0.0001.
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Figure 2. Caspase-like and ROS generation are involved in lidocaine-induced PCD in rice cells. (a) Induction of caspase-like activity revealed with the zZVAD-fmk probe
after treatment with 1% lidocaine at 30 min and 1 h. (b) Effect of 1% lidocaine treatment on ROS generation after 1 h and 2 h. (c) Effect of pretreatment with ROS
scavengers, Tiron (5 mM) or DABCO (5 mM) on 1% lidocaine-induced cell death after 4 h. Each point represents one replicate. Significance is represented by *: p < 0.05,

**: p<0.01, *** p<0.001 and ****: p <0.0001.

induced cell death required active cell metabolism, namely
gene transcription and de novo protein synthesis. Taken
together, these data suggest that lidocaine at 1% induced
a PCD in a subset of the rice cultured cell population.
Lidocaine-induced cell death in animal model seems depen-
dent on caspase activations and ROS generation.*® Although,
no true caspases have been found within plants, evidence
suggests that caspase-like proteins participate in plant PCD.*
We thus tested on the cell death induced by 1% lidocaine the
effect of pan-caspase fluorescent inhibitor (zVADfmk) known
to interact with caspase-like activity in plant cells.*®*” No
significant fluorescence was observed in control cells, whereas

fluorescence increases appeared progressively in cells treated
with 1% lidocaine (Figure 2(a)) suggesting that caspase-like
proteins were activated in rice cells by lidocaine.

We further checked for a putative lidocaine-induced ROS
production in rice cultured cells by using the chemilumines-
cence of CLA which indicates the generation of O," and/
or'O,. We could observe a ROS generation 1h after applica-
tion of 1% lidocaine (Figure 2(b)), when the culture medium
used as control did not induce significant increase in chemilu-
minescence. We further checked the impact of the ROS sca-
vengers (Tiron and DABCO, 5 mM each) on the 1% lidocaine-
induced cell death. Both scavengers decreased the lidocaine-
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Figure 3. Effect of lidocaine on plasma membrane potential and Na* and Ca** cytosolic levels. (a) Membrane potential recordings by DIBAC, fluorescence after
treatment with 0.5 or 1% lidocaine. (b) Decrease in Na™ accumulation at 20 min and 1 h by lidocaine at 0.5% after addition of 400 mM NaCl. (c) Decrease in cytosolic Ca>*
concentration by 1% lidocaine. Recording of one experiment representative to the others. (d) Mean cytosolic Ca>* concentration after lidocaine treatments with 1, 0.5
and 0.25% lidocaine after 5 min. Each point represents one replicate. Significance is represented by *: p < 0.05, **: p < 0.01, ***: p <0.001 and ****: p < 0.0001.



induced PCD (Figure 2(c)). These data suggest that, as
observed in animal cells, caspase-like activity and ROS genera-
tion are involved in the lidocaine-induced PCD in rice cells.

Lidocaine could induce changes in membrane ion
conductance

Despite its toxic effect lidocaine is used for anesthesia in
animal. Its effects seem to function through perturbation of
ionic conductance, mainly Na* and Ca®". In rice cells direct
addition of 0.5% lidocaine did not significantly affect cell
polarization analyzed with DIBAC, fluorescence, when 1%
seems to slightly hyperpolarized the cells (Figure 3(a)). We
further checked if 0.5% lidocaine, a nontoxic dose in short
term (Figure 1(a)) could affect Na" conductance by analyzing
the cytosolic Na* accumulation using the sodium indicator
CoroNa-green.*> Addition of 400 mM of NaCl effectively
induced an accumulation of Na™ in the cytosol of rice cells in
a few minutes (Figure 3(b)), indicating the activation of ion
channels allowing the influx of Na™ into the cells. Pretreatment
with 0.5% of lidocaine decreased the Na® accumulation
(Figure 3(b)) suggesting a putative role for lidocaine in Na*
conductance regulation in rice. To check for putative effect of
lidocaine on Ca** conductance we used rice cells expressing
aequorin in their cytosol.’»** Addition of lidocaine induced
a rapid decrease in [Ck12+]Cyt in rice cells (Figure 3(c,d)) sug-
gesting also a role for lidocaine in Ca®* conductance regulation
in rice cells.

Lidocaine could inhibit signalling pathways in rice cells

Since it is difficult to evaluate anesthesia on plant cultured cells,
we investigated whether lidocaine could inhibit stress-induced
cellular responses. To this end, we applied osmotic stresses
(hyper and hypo) to rice cells, the responses to which are
already described in culture cells. Hyperosmotic stress was
induced by adding 400 mM NaCl, diluted in fresh AA medium.
Lidocaine was applied as a pretreatment at a concentration of
0.5%, a dose with low toxicity at 4h (Figure 1(a)). Previous
studies have demonstrated that saline and non-saline hyper-
osmotic shocks induces PCD in various cultured cells.’>>**°

PLANT SIGNALING & BEHAVIOR €2388443-5

as early as 4 h in rice cells (Figure 4(a)). We thus further could
show that a 15-minutes pre-treatment with 0.5% lidocaine
drastically reduced this NaCl induced PCD (Figure 4(a)).
Since such hyperosmotic shocks are also known to rapidly
increase cytosolic Ca** levels® and lidocaine seems to decrease
[Ca2+]cyt in rice cells (Figure 3(b,c,d)), we checked the impact
of lidocaine on NaCl induced increase in [Caz+]Cyt in rice cells.
The addition of 400 mM NaCl effectively induces a biphasic
and transient increase in cytosolic calcium levels (Figure 4(b)).
When this hyperosmotic shock was applied to a rice cells
pretreated for 15 min with 0.5% lidocaine, the NaCl-induced
increase in [Ca2+]cy1. was reduced (Figure 4(b,c)) as it could be
expected from the decrease in [CazJ’]Cyt induced by lidocaine
alone. This confirms the ability of lidocaine in interfering with
Ca’" signaling and signaling pathway leading to PCD in rice
cells.

To test the effect of lidocaine on hypoosmotic shock we
added demineralized water to halve the osmolarity of the
culture medium for cells, with or without a 15 min pre-treat-
ment with 0.5% lidocaine. We observed that lidocaine reduced
the cell death induced by the hypoosmotic shock (Figure 5(a)).
On the contrary, the well-known rapid increase in [CazJ’]cyt
induced by hypoosmotic shock®">* was exhausted after 0.5%
lidocaine pretreatment (Figure 5(b,c)). These last data confirm
the ability of lidocaine in interfering in Ca** signaling in rice
cells but also highlight the probable complex interactions of
lidocaine in Ca®* homeostasis regulation and suggest several
cellular targets for lidocaine.”

Lidocaine inhibits flame-induced long distance electrical
signalling in seedlings

In animal models, lidocaine is known to decrease the amplitude
of APs and increase their duration.”* Other anaesthetics such as
diethyl ether were also shown to inhibit APs in plant.,”'" To
push forward our studies on rice we tested whether lidocaine
could similarly have an effect on the well-known long distance
electrical signals elicited upon leaf burning.*> We recorded EP
variations propagating along the leaves of young rice seedlings
after leaf burning with or without root pretreatment by 1%
lidocaine. As expected from the literature, burning induces
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Figure 6. Inhibition of systemic electrical signaling induced by leaf burning in rice and tobacco seedlings by 1% lidocaine. Kinetics obtained following tip leaf burns of
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extracellularly, representing intracellular depolarization)
(Figure 6(a,b)). These hyperpolarisations present characteristics
of slow wave potentials (SWPs).> Pretreatment with 1% lido-
caine for 1 h reduced the extent of the hyperpolarisations follow-
ing flame stimulation (Figure 6(a,b)). Since the extent of the
hyperpolarisations were quite weak, as already observed for
SWPs in rice,”® we further reproduced the experiments on
tobacco seedlings known to present large SWPs in response to
leaves burning. As observed in rice seedlings, in tobacco seed-
lings burning-induced hyperpolarisations were drastically
reduced upon root pretreatment with 1% lidocaine (Figure 6

(c.d)).

Discussion

In animal cells lidocaine could have cytotoxic activity in addi-
tion to its anaesthetic activity.”®*° In this study, we first check
for putative toxic effects of lidocaine on rice cell cultures. At
1%, lidocaine effectively induced the death of some rice cells,

these last presenting large cell shrinkage. The cell death extent
was of about 30% of the cultured cells after 24 h. Lower doses
didn’t induce significant death, at least in the short term. The
decrease in lidocaine-induced cell death after pretreatment
with inhibitors of RNA synthesis (AD) and protein synthesis
(Chx), suggested that active processes are needed to achieve
this cell death. These cellular events are reminiscent of what is
observed during the development of PCD in response to
numerous stimuli in plant as in animal. Furthermore, the
dependence of lidocaine-induced PCD to caspase-like activity
and ROS generation in rice cells resembles to what was
described for the cytotoxicity of lidocaine in some animal
cells.”® As a whole, these data suggest that the toxic effect of
lidocaine resemble the one observed in animal cells and suggest
conserved targets in animal and plant cells.

Besides this toxic effect, in animal cells lidocaine seems to
regulate plasma membrane properties possibly through dif-
ferent mechanisms,'”**** even if the blockage of sodium
channels preventing conduction of the electrical impulse is



the most frequent mechanism described to explain lidocaine
anaesthetic effect in animals.'*"'”**” Addition of lidocaine to
rice cultured cells did not strongly modified the cell polariza-
tion even if a slight hyperpolarization could be observed at
1% lidocaine. However, pretreatment with lidocaine seems to
limit the Na* uptake by rice cells. Although specific sodium
channels are not present in plant cells,* Na* could be taken
up through various cation channels (cyclic nucleotide gated
channel (CNGC), non-selective cation channels (NSCC), glu-
tamate-like receptors (GLR) or transporters from the HKT
family,”® what suggests that lidocaine could affect the activity
of some of these channels in rice. Lidocaine was also shown
to reduce the cytosolic Ca®" level in rice cells, what could also
be related to the blockage of non-specific cations channels
limiting the Ca®" influx with maintained activity of Ca®*
efflux transporters. The decrease in cytosolic Ca** may be
related to data of Trotta et al., who observed a decrease in
calcium uptake with lidocaine in rabbit brain microsomal
fraction.?! However, in this model the effect seems to be
dose dependent, higher concentrations increasing calcium
uptake. Increase in cytosolic Ca®" was also observed in
mouse neuronal cells possibly through depletion of Ca**
store (via an IP3R- and RYR-independent manner) and sup-
pression of store-operated Ca*" influx,** even if lidocaine was
also found to stimulate ryanodine binding to ryanodine
receptors, Ca’* release channels.”> In cultured neurons of
Lymnaea stagnalis the increase in cytosolic Ca** concentra-
tions by lidocaine seems furthermore related to morphologi-
cal damage and shrinkage.”® Since lidocaine seems able to
regulate various cationic conductance in various membranes,
we could not exclude that in rice cells the decrease in cyto-
solic Ca** by lidocaine could also be due to a stimulation of
Ca®* transporters allowing Ca** export out of the cells or
towards internal stocks. Furthermore, we found upon stimu-
lation by hyper- and hypoosmotic shocks that cells pretreated
with lidocaine present altered cytosolic Ca** variations but in
opposite directions, a decrease in response to saline hyper-
osmotic shock but an increase for hypoosmotic shock. These
data highlight the complex effect of lidocaine on Ca®* home-
ostasis in rice cells probably involving different targets. It is
also worth noting that when hypo-osmotic stresses were
applied, the membrane depolarization observed in rice cells
with the DIBAC, probe was amplified by lidocaine pretreat-
ment (not shown), as was the cytosolic Ca** level confirming
the effects of lidocaine on membrane properties.

In another way our data showing the reduction of PCD by
lidocaine triggered by hyper- and hypoosmotic shocks clearly
indicate its putative role in controlling signaling pathways
known to involve early ion channels regulations in
animal,”>®® as in plants.®" Since anaesthetics were also
shown in plant to inhibit APs in D. muscipula possibly
through inhibition of a Ca** dependent GLR,”'"! we further
check if lidocaine could impair burn-induced SWPs in whole
seedlings of rice and tobacco.®®> We could observe in these two
models an inhibition of SWPs induced upon burning of the
leaf tips after a pretreatment of roots with lidocaine. These
data suggest that lidocaine could limit long distance signaling
in plants not only through AP inhibition but also through
SWP inhibition. The SWPs induce by wounding in rice were
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shown to be dependent on the activation of the glutamate
receptor OsGLR3.4 allowing Ca®* influx in rice.”® SWPs and
GLRs dependent Ca" signaling was also shown to be inhib-
ited by diethyl-ether in A. thaliana.'” Lidocaine could thus
regulate the burn-mediated systemic SWPs by inhibiting the
Ca’* influx through such GLRs as do diethyl ether in
D. muscipula and A. thaliana.,'"*

While this study clearly shows that Ca®* signaling is
probably a target of lidocaine in plants, further work is
needed to identify the target(s) of lidocaine, both at the
plasma membrane level and with regard to the Ca** stores
potentially involved in response to lidocaine. In any case,
these preliminary data suggest that lidocaine are capable of
modifying a certain number of cellular responses likely to
inhibit the transmission of electrical signals in plants, as
observed in animals. Moreover, our data are also to be
compared with the effects of other anaesthetics in plants,
effectively when we showed that lidocaine reduces the cyto-
solic Ca** level in rice cells, it was shown to increase in
response to diethyl ether application A. thaliana® and not
modified in ketamine-treated plants.®* Continuing this work
could enable us to verify whether or not the mechanisms
involved in plants correspond to evolutionarily conserved
properties and/or could open up prospects for the search
for new cellular targets for lidocaine.
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