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Summary

Extracts ofHelleborusroots were traditionally used in the Balkan am@atiieir analgesic action.
We report that the pure natural product MCS-18aisal from this source is a potent, specific
and reversible antagonist of the capsaicin recep®PV1, expressed in rat dorsal root ganglion
(DRG) neurons. TRPV1 is a non-selective cation nbhexpressed in a subset of cutaneous and
visceral sensory nerve endings and activated byonexheat, acidity and fatty acid metabolites
of arachidonic acid, with a decisive role in inflanatory heat hyperalgesia. MCS-18 inhibited
the increase in intracellular calcium concentratemoked in DRG neurons by capsaicin (300
nM) and low pH (5.5) but not by heat (43 °C). Thibstance had no effect on the responses
mediated by acid-sensing ion channels (ASICs) er ithtant receptor TRPAL1l. Whole-cell
patch-clamp was used to confirm the inhibition apsaicin-induced currents by MCS-18 which
was dose-dependent. The mechanism of inhibitiors cha¢ require an intact cell, as capsaicin-
induced currents were also inhibited in the excaiside-out configuration. The antagonism of

the capsaicin and proton action on native TRPVMKB5-18 may be of interest for pain therapy.
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Introduction

Nociceptors are sensory neurons involved in thedien of harmful stimuli, which induce, or
may induce, tissue damage. TRPV1 is a polymoda&ptec expressed in nociceptive endings in
cutaneous and visceral tissues, activated by &tyaoif stimuli such as noxious heat (>43 °C),
acid solutions, fatty acid derivatives of the ardohic acid and exogenous compounds like
capsaicin, the active ingredient in chili pepp&atérinaet al. 1997; for a review see Nagy al.
2004). TRPV1 is a member of the TRP (transientprepotential) superfamily of ion channels,
a number of which are involved in sensory transdac{TRPV2-4, TRPA1, and TRPMS; for a
review see Ramsest al. 2006), with putative nociceptive roles. AlthougRAV1 null-mutant
mice still display sensitivity to noxious heat, timlammatory heat hyperalgesia (an increased
response to noxious heat in inflammatory statesp@ished in these animals, demonstrating a
crucial role of TRPV1 in chronic inflammatory pajbavis et al. 2000; Caterinat al. 2000).
TRPV1 is expressed in nociceptive endings anddtivation by acute noxious stimuli leads to
depolarization, triggering action potential disg@mand allowing C& entry. This in turn leads
to neurogenic inflammation, through release of yaatins like calcitonin-gene-related-peptide
(CGRP), neurokinin A and substance P from nocigependings, inducing vasodilatation,
edema and pain (Veronesi and Oortgiesen 2006). bibphysical properties and level of
expression of TRPV1 are subject to intense reguiain a variety of chronic pain states in
humans, such as: inflammatory bowel disease, fagggncy, irritable bowel syndrome, acute
pancreatitis, cough, migraine headache, vulvodgné mastalgia (Szallast al. 2007; Geppetti
et al. 2006; Wicket al. 2006). Due to the prominent role of TRPV1 in inflmatory pain states,
special attention has been focused on the developofeTRPV1 antagonists for clinical use

(Gunthorpeet al. 2007; Tanget al. 2007; Bhattacharyat al. 2007; Chizhet al. 2007;



McGaraughtyet al. 2006; Garcia-Martineet al, 2006). The promising therapeutic potential of
these compounds is supported by data on variomsaamnodels of chronic pain, including bone
cancer pain, complete Freund’'s adjuvant-inducednthk hyperalgesia, carageenan-induced
inflammation, formalin test, capsaicin- and citr&cid-induced cough, L-arginine-induced
pancreatitis, UV-induced inflammation (Szalla&sial. 2007). Reduced inflammation and pain
behavior was described in an arthritis model in VR# mice, while TRPV1 antagonists were
able to reduce both inflammation and pain in wildet animals (Bartoet al. 2006; Kissinet al.
2005; Keebleet al. 2005). There is also accumulating evidence th&®VRis involved in pain
induced by lesions to the nerve itself (neuropaplain). A number of TRPV1 antagonists as well
as RNA interference or intrathecal application pfi-@ense oligonucleotides were effective in
inducing pain relief in several animal models otirmpathic pain such as chronic constriction
injury and spinal nerve ligation (Christoph al. 2007; Christoplet al. 2006; Kanaket al. 2005;
Jhaveriet al. 2005; Walkeret al. 2003). Rapidly accumulating evidence for the aesilgand
anti-inflammatory efficacy of TRPV1 antagonists hasarkably increased the research work

for novel drug candidates.

The active substance MCS-18 is classified as a pai@al compound extracted from the roots
of Helleborus purpurascen@VNissner and Kating 1974), and purified by repediguid-liquid
extraction, selective solid phase adsorption-deésmrp and by reversed phase liquid
chromatography on preparative scale and finallyréyrystallization. Preliminary work has
provided evidence that this compound modulatesrtimeune system, inducing up-regulation of
the cytokines IL-10 and TGB-(Szegliet al. 2005).Recent investigations revealed that MCS-18

is a specific and potent suppressor of the matmatf human dendritic cells (DC#) vitro



(Horstmanret al. 2008) and it produces a strong down-regulatiofi-otll-dependent antibody

formation in mice (Kerelet al.2008).

The aim of the present work was to test if MCS-&8ld inhibit TRPV1 expressed in the native
tissue (rodent DRG neurons in primary culture).cCah microfluorimetry and the patch-clamp
technique were applied to monitor the effects of $3AT8 on the responses mediated by TRPV1.
The obtained data provide solid evidence for aragortistic action of MCS-18 against the

activation of native TRPV1 by capsaicin and acidisons, but not by noxious heat.



Methods

Preparation of MCS-18

MCS-18 was prepared by the extraction of 1 kg drimts ofHelleborus purpurascenwith a
first extraction in 16 liters of methanol: waterO(80) at room temperature. Methanol was
removed using a vacuum rotatory evaporator anddhelted 1.5 liter aqueous emulsion was
extracted twice with dichlormethane/hexane (1:2etmove lipids. Subsequent purification steps
were applied to remove the toxic bufadienolidiciives, like hellebrin and the hellethionins
(Milbradt et al. 2003). The obtained crude MCS product was furtheified through reversed
phase HPLC on a preparative scale. A Kontron HPIleRicg# equipped with a Pump-422,
Autosampler-465, and DA-Detector-430 was used. $ssmd 0.4-0.6 ml of a 5% stock solution
of crude MCS-18 in 20% acetonitrile were appliedat@reparative column filled with 5 um
Hypersil HS-C8 Thermoquest 250x21 mm. The eluticas warried out with a 45 min linear
gradient from 5% to 50% acetonitrile (gradient grailerck Darmstadt) in water with a flow-
rate of 5.0 ml/min. Analytical HPLC was performesl described previously (Horstmaehal.
2008). The MCS-18 for therapeutic purposes is anetedly homogenous pure compound which
contains several structurally very similar isometsch are not separable in individual species.
The HPLC chromatogram (Fig. 1) evidences the puwiftyhe drug substance by lack of any
impurities detectable by HPLC. The content of MG&BH1 pure drug substance is assayed by the
HPLC method with an internal standard such as Rpethoxybenzoic acid (DMBA) .
Standardization of the drug substance is accorirgpecifications in conformity with methods
of the European Pharmacopoeia including the UValisorbance at specified wavelengths and

their ratio, the fluorescence spectrum, the acidejathe complexation with transitional metal



ions. Potential impurities of the final drug suyste MCS-18 are rigorously controlled in ppm
amounts by ELISA methods. This refer to hellethien(HT), the toxic cysteine rich 5kDa
proteins described iHelleborus purpurascendlilbradt et al, 2003)with a maximum tolerated
limit of [HT] 0.05 % in the pure MCS-18. Second potentially¢aripurities of MCS-18 are
the cardiac glycoside Hellebrin (Hb) and derivagiwgith a maximum tolerated limit of [Hb]
0.01 %. The standard anti-hellethionin and antiefiogin antibodies may be purchased by the

Anti-Prot GmbH Munich (www.antiprot.com).

DRG culture

Dorsal root ganglion (DRG) neurons were obtainasmfrall spinal levels of adult rats as
described elsewhere (Reéd al. 2002). Wistar rats (150-200 g) were killed by £6halation
followed by decapitation, following the Europeanidalines on Laboratory Animal Care, with
the approval of the institutional Ethics Committg#fethe University of Bucharest. DRGs were
then removed and incubated in a mixture of 1 mgmtilagenase (type Xl, Sigma) and 3 mg/ml
protease (Sigma) in IncMix solution (see Soluti@ml chemicals below) for 1 h at 3C.
Neurons were mechanically dissociated by trituratamd then plated on 25 mm borosilicate
coverslips (0.17 mm thick) previously treated wpibly-D-lysine (0.1 mg/ml, for 30 min), and
cultured at 37 °C and 5% GQn a 1:1 mixture of DMEM and Ham’s F-12 mediumttwil0%
horse serum and 5@/ml gentamicin. The cells were used for recorditiys day after the
culture was made (betweeti2 and 24 h after plating). All chemicals useddell culture were

from Sigma.

Intracellular calcium imaging



Before recording, coverslips with attached neuramse incubated for 30 min at 37 °C in
standard extracellular solution containing®d Calcium Green-1 AM and 0.02% Pluronic F-127
(both from Invitrogen), and then left for anothed &in to recover. Coverslips were then
mounted in a Teflon chamber (MSC TD, form Digitim&/elwyn Garden City, UK) on the
stage of an Olympus IX-70 inverted microscope. Mogtieriments involving chemical stimuli
were carried out at room temperatur@Z °C). Heat stimuli were applied by local supddns
using a feedback controlled Peltier system preWodescribed (Reiet al. 2001), and consisted
in 15 s ramps from 32 to 45 °C. Between heat stithalcells were kept at a holding temperature
of 32 °C. In order to measure the temperature expezd by the neurons, after the experiment, a
miniature thermocouple (1T-1E, Physitemp, Clifttdd, USA) was placed where the cells had
been and the same thermal protocol was applied.r@pr@ducibility of the heat stimuli is very
good. Fluorescence changes were recorded with a Cadiera (Cohu 4910, Pieper GmbH,
Schwerte, Germany), while the cells were illumidatath 100 W halogen lamp and filter wheel
(Cairn Research, Faversham, UK), controlled byAken Imaging 2.2 software, which was also

used for image acquisition and analysis.

The stimulation protocol consisted in five successapplication of the stimulus (chemical
agents or heat), separated by 4 min intervals. M838as pre-applied for 1 min and during the
3 application of the stimulus. The response was mredsas the maximal change in
fluorescence F (F-F, where F is the maximum level of fluorescence medan the presence of
the stimulus, and J~the initial fluorescence, immediately before thienalus) divided by the
initial fluorescence §& Cells with a F/Fy > 0.1 were considered as having responded to the

stimulus, and used for further analysis. Data veer@yzed using the IDL 5.4 software (Research



Systems, Boulder, Colorado, USA) and Microsoft Exard are presented as mean + SEM. The
statistical analysis was performed using one-wayOMA with correlated samples. A value of

P < 0.05 was considered to be statistically sigaiit.

Patch-clamp recordings

Patch-clamp recordings were made in both the wbelleand the outside-out configurations
using borosilicate glass pipettes (GC150TF, Harnsgdaratus), heat polished to a resistance of
2-4 M . Currents were recorded with an EPC-7 amplifidEiIA Electronic GmbH), filtered at

3 kHz and digitized with a Labmaster 160 kHz DMAeiriace (Scientific Solutions, Mentor,
Ohio, USA), using software written by Dr. GordonidR€University College Cork, Ireland;
g.reid@ucc.ie). The experiments were carried oueitracellular calcium-free conditions to
minimize TRPV1 desensitization induced by calciuntry Analysis was carried out with the

Origin 6.0 software (OriginLab Corporation, Northaton, MA, USA).

Solutions and chemicals

The IncMix solution for DRG incubation containea {nM): NaCl 155; kHPO, 1.5; HEPES

5.6; Na-HEPES 4.8; glucose 5. The antibiotic gemtamwas added to 50g/ml.

The standard extracellular solution contained (id)mNaCl 140; KCI 4; CaGl 2; MgCh 1;
HEPES 10; NaOH 4.55; glucose 5; pH 7.4 at@5For the acid solutions HEPES was replaced

by MES (10 mM) and the pH was adjusted by adding\2 NaOH.

The extracellular calcium-free solution used incpatlamp experiments contained (in mM):

NaCl 140; KCI 4; MgCi 3; HEPES 10; NaOH 4.5; glucose 5; pH 7.4 at@5



The pipette solution contained (in mM): KCI 135; ®lg 1.6; EGTA 2; Mg-ATP 2.5; HEPES

10, with pH adjusted to 7.3 by adding NaOH.

Test substances were added from the following ssmdktions: MCS-18, 1 mg/ml in J@;
capsaicin (Sigma), 5 mM in ethanol; cinnamon oiig(®), 200 mM in ethanol. The same
volume of pure solvent of the test substance wagddh the standard extracellular solution to

prevent any effects induced by the vehicle.



Results

1. MCS-18 inhibits capsaicin- and proton-, but rwat-evoked increases in intracellular

calcium concentration in TRPV1-expressing DRG nesiia the rat

The experiments were aimed at monitoring the effiéddhe MCS-18 compound atniy/ml on
the polymodal receptor TRPV1. Three different modésctivation of TRPV1 were applied:
capsaicin, acidic solutions and heat (> 43 °C). direnges in intracellular calcium concentration
([Ca®";) induced by application of these stimuli on rat®Reurons in primary culture were

recorded.

The first experimental protocol consisted in fivansecutive applications of capsaicin (300 nM,
for 15 s), at 4 min interval. MCS-18 was pre-appliemin before and during thé® 2apsaicin
challenge. In control conditions, in which only tkehicle (HO) was applied in the same
conditions, a certain degree of desensitizatiothefresponse between the first and the second
capsaicin applications was observed, such that smite were completely desensitized and the
response abolished. For data analysis only cell&hwhesponded to both of the first two
capsaicin applications were considered. In thisugrthe responses to th8923¢ 4" and %'
applications of capsaicin were not statisticalljfedtent (one-way ANOVA with correlated
samples, p > 0.05, Fig. 2B). In the presence of M8$here was a substantial reductieBg%)

in the amplitude (F/R) of the 3 response to capsaicin (0.03 compared to 0.21hier2t’

response, n = 25; p < 0.0001, Fig. 2A and B).

In a separate set of experiments MCS-18q/nl) was pre-applied for 1 min and during thetfirs

application of capsaicin (300 nM, 15 s), in ordeirtvestigate the effect of the compound on the



vanilliod receptor previously unexposed to its cleaih agonist. Under these conditions,
capsaicin could evoke substantial calcium transjemhich were however reduced compared to
those evoked by the same capsaicin stimulus ialisence of MCS-18F/F was 0.43t 0.06,

n =26, compared to 0.350.05, n =31, Student’s unpaired t test, p < 0.08preover, 6
neurons which did not respond to capsaicin in thesgnce of MCS-18 became capsaicin-
sensitive when exposed again to capsaicin. Sudiatisn (in which a neuron does not respond
to the first capsaicin stimulation but does resptindubsequent stimuli) was never encountered
in control conditions. It can be thus inferred tMILS-18 has a more pronounced effect on the
desensitized state of TRPV1, but it does also ihhatbeit to a lesser extent, the response to the

first capsaicin exposure.

While investigating the effect of MCS-18 on theiaation of TRPV1 by low pH in DRG
neurons we had to take into account the fact thadlation of pH 5.5 would not only activate
TRPV1 but also the members of the ASIC (acid-sensim channels) family which are all
expressed in sensory neurons (ASICla and 1b, Ad@@&b, ASIC3 and ASIC4; Voillest al.
2001). In order to separate the two acid detectargrotocol was used consisting in five
consecutive application of an acidic solution (pH tor 15 s at 4 min interval), followed by the
application of a high dose of capsaicinnfd, 30 s). MCS-18 was pre-applied for 1 min before
and during the "8 acid stimulus. Acid-sensitive neurons were thevideid into capsaicin-
sensitive (and thus TRPV1-expressing) and capsaisgnsitive (probably displaying a pure
ASIC response). As TRPV1 and the ASIC channelskaosvn to be co-expressed in a fraction
of sensory neurons, it is quite likely that in thest population of neurons (acid-sensitive,

capsaicin-sensitive), low pH evokes a complex rasppwith contributions from both TRPV1



and the ASIC channels. MCS-18 had no significaf@icéfon capsaicin-insensitive, acid-sensitive
neurons, which suggests that the drug has no pleatagacal action on the ASIC channels.
However, in capsaicin-sensitive, acid-sensitiveroes, the response to low pH in the presence
of MCS-18 was significantly decreased (by 44%-/Fy, was 0.14 + 0.03, compared to
0.25 + 0.02 for the™ response; n = 32, p < 0.01, Fig. 3A and B). Iretingly, following MCS-

18 application and wash, th& Besponse to low pH was also significantly decréasempared

to the previous one. This may reflect increasecenkgtization of the response, following a

stronger response (th&)after MCS-18 was removed (Fig. 3A and B).

Activation of TRPV1 by heat was not prevented by $AC8. In control conditions five
consecutive heat stimuli (15 s heat ramps from 825°C) were applied, following which
neurons were challenged with a high dose of capséaerM). In a separate set of experiments,
MCS-18 was pre-applied for 1 min before and dutimg 3 heat stimulus. The compound had
no significant effect on the amplitude of the resp®to heat in capsaicin-sensitive DRG neurons
(Fig. 4A and B). A very small fraction of heat-sgiwe neurons were capsaicin-insensitive (3 of

28 in control conditions and 1 of 30 in the grourpvehich the drug was tested).

2. MCS-18 has no effect on the increases in*{lzaevoked by the TRPA1l agonist

cinnamaldehyde

TRPAL1 is a non-selective cation channel expresseduitaneous and visceral nociceptive
endings, activated by a variety of irritant chertscanustard oil, cinnamaldehyde, allicin) and
inflammatory agents (bradykinin) (Stoet al. 2003; Bandellet al. 2004). To investigate the

specificity of the MCS-18 action on TRPV1 the resgpes of cultured sensory neurons from the

rat to the application of a saturating concentratfadO0OnM) of the specific TRPAL1 agonist



cinnamaldehyde (CA) were monitored, in the absamzkin the presence ofny/ml MCS-18.

In control conditions, cinnamaldehyde was applwd times for 2 min at 10 min interval. In
another set of experiments, MCS-18 was pre-appdied min and during the second application
of cinnamaldehyde. The drug had no significantafée the amplitude of the increase in {Ga
evoked by CA in cultured rat DRG neurons (datagimatwn). In control conditions, the response
to the second application of CA was significantygluced compared to the first, such that the
ratio between the second and the first responseOwds+ 0.07 (n = 30). For MCS-18-treated
cells the ratio was 0.62 + 0.06 (n=16), and tlifterénce was not statistically significant

(p > 0.05; Student’s unpaired t test).

3. MCS-18 inhibits capsaicin-induced currents in BERG neurons in both the whole-cell and

the outside-out patch-clamp configurations

Whole-cell capsaicin induced current were recoralea holding potential of -60 mV in cultured
rat DRG neurons in conventional whole-cell modee Experiments were carried out in the
absence of extracellular calcium in order to rediB®V1 desensitization induced by calcium
entry and activation of calcineurin (Mohapatra &fal 2005). Two experimental protocols were
used. In the first protocol capsaicin (@) was first applied for 120 s; during the second
capsaicin application, the drug MCS-18 was apglegther with capsaicin for 30s (Fig. 5A). In
the second protocol capsaicin was applied@¥Zor 60 s at 3 min interval, until a reproducible
response was obtained (i.e. there was no furtheenddtization); following two consecutive
capsaicin application that yielded responses ofl@iramplitude MCS-18 was pre-applied for 1
min and during the following application of capsajc¢he drug was then washed out and the

response to capsaicin further recorded to mongoovery from the inhibition induced by MCS-



18 (Fig. 5B). In both experimental designs the dmduced a profound and concentration-
dependent inhibition of the whole-cell inward cunrevoked by capsaicin in rat DRG neurons.
Fig. 5C shows the concentration-dependence ofnihibitory effect of MCS-18 measured using
the first protocol (a very similar dependence whtimed using the second protocol, data not

shown).

Outside-out excised patches were obtained by wathithg the pipette from the cell after
entering the whole-cell configuration. In 4 suchl-éee patches we could measure capsaicin
(2 mM)-evoked currents which were reversibly inhibiteg application of 10wm/ml MCS-18

(Fig. 5D).



Discussion

MCS-18 is a novel natural compound isolated froerthots oHelleborus purpurascensa plant
which has long been used in traditional medicinep@n treatment in the Balkan area. Since
1980 Helleborusextracts have been approved and successfully insB®dmania as injections
and ointments for anti-rheumatic therapy (brand e&uicil®). Recent work has demonstrated
that MCS-18 has a significant immunosuppressiveoracby attenuating antibody production
(Kereket al. 2008), inhibiting dendritic cell activation andepenting autoimmunity in a mouse

autoimmune encephalomyelitis (EAE) model (Horstmeial. 2008).

The present study shows that, in addition to itsiimosuppressive activity, MCS-18 also acts as
a strong, specific and reversible antagonist of tR®V1 receptor in the native tissue (rat DRG
neurons in culture). The lack of any effect on thanges in [C4]; induced by extracellular
protons in capsaicin-insensitive neurons (mostyikeediated by ASIC channels) or on those
evoked by the TRPAL agonist cinnamaldehyde sugbastMCS-18 is not a non-selective ion
channel blocker, but instead its action on TRPVIhated responses is specific. Moreover, the
fact that MCS-18 failed to inhibit the increase j@a"]; induced by cinnamaldehyde
demonstrates that it does not exert its inhibitacgion by targeting voltage-gated sodium or
calcium channels, or by reducing the overall exdlity of sensory neurons. Interestingly, MCS-
18 inhibits the activation of TRPV1 by capsaicing(F2), and partly by protons (Fig. 3), but not
by heat (Fig. 4), and it is also less effectivetiom non-desensitized state of the channel, which
indicates that the effects of MCS-18 are state-dépet. The weaker effect of the drug on
proton-induced responses, compared to the vernngtiohibition of the capsaicin-evoked

increases in [CA]; may reflect an intrinsic difference in the effettthe drug on the two modes



of TRPV1 activation, or may be due to a contribotaf the ASIC channels to the neuronal

responses to extracellular acidity.

The direct action of MCS-18 on TRPV1 was confirmgdpatch-clamp recordings in both the
whole-cell mode and in excised patch configurat®dsirong reduction of the capsaicin-induced
inward current in the presence of the drug wasrdsmb using two experimental protocols. In
both cases MCS-18 inhibited the capsaicin-inducidle¢cell current, and the effect was both
reversible and dose-dependent (Fig. 5C). Aiginl, MCS-18 blocked almost completely and
reversibly the capsaicin-induced currents in extisatside-out membrane patches (Fig. 5D),
indicating that its action is most likely a directe on the channel protein itself, and not mediated

by intracellular signaling pathways requiring sdkubecond messengers.

In conclusionMCS-18 is a strong, selective, concentration-dependnd reversible inhibitor of
the polymodal receptor TRPV1 expressed in cultueedRG neurons; it inhibits the activation
of TRPV1 by capsaicin and protons (partially), bot by heat. MCS-18 has no effect on the
activity of the acid-sensing ion channels (ASICSI®PAL1. MCS-18 inhibits capsaicin-evoked
inward currents in DRG neurons both in the wholé-aed the outside-out configurations,

suggesting a direct action on the TRPV1 channel.
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Figure legends
Fig. 1

HPLC chromatogram of MCS-18. Chromatographic coonlé (reverse-phase systei@plumn:
RP C8, e.g. Macherey-Nagel Nucleosil C8 (250 x 4)mBnpm, 300 AEluent A: 1 ml of
phosphoric acid in 1000 ml of watdfluent B: 1 ml of phosphoric acid in 1000 ml of ACN
(Lichrosolv Merck) Gradient: 5 % B to 85 % B in 20 miRlow rate: 1.0 ml/minDetection: UV
(210 nm) Injection vol.: 20 L (0.2 % in water) Internal standard 2,4-dimethdsgnzoic acid

(DMBA)
Fig. 2

A. Representative examples of Calcium Green-1 #soence changes induced by 5 consecutive
applications of capsaicin (300 nM) for 15s at 4 mmiterval. The Y-axis represents fluorescence
in arbitrary units, and the X-axis is time. MCS-(Bng/ml) was pre-applied for 1 min and
during the 3rd application of capsaicin. Note tlhmast complete inhibition of the response to

capsaicin in the presence of MCS-18.

B. Statistical analysis of the data illustratedoart A. The mean respondeH/F) is plotted for
each of the 5 stimuli in control conditions (blestkuares) and for the MCS-18 treated cells (open
circles). Bars represent SEM. The mean responteipresence of MCS-18 (*) is significantly
reduced compared to the responses to stimuli 27dd5a(one-way ANOVA with correlated

samples, n = 25, p < 0.0001).

Fig. 3



A. Representative examples of Calcium Green-1 #soence changes induced by 5 consecutive
applications of acid solutions (pH 5.5) for 15s4amin interval in capsaicin-sensitive DRG
neurons. The Y-axis represents fluorescence irtrarpiunits, and the X-axis is time. MCS-18
(2 mg/ml) was pre-applied for 1 min and during the 8pgplication of low pH. Capsaicin (&)

was applied at the end of the experiment to sepatapsaicin-sensitive from capsaicin-
insensitive neurons. Note the partial inhibitiontbé response to extracellular acidity in the

presence of MCS-18.

B. Statistical analysis of the data illustratedpart A. The mean respondeH/F) is plotted for

each of the 5 stimuli in control conditions (bleszkuares) and for the MCS-18 treated cells (open
circles). Bars represent SEM. The mean responeipresence of MCS-18 and the response to
the 5th stimulus (*) are significantly reduced cargd to the responses to stimuli 2 and 4 (one-

way ANOVA with correlated samples, n =32, p < (.01
Fig. 4

A. Representative examples of Calcium Green-1 #soence changes induced by 5 consecutive
applications of a heat ramp (15 s, from 32 to°@% at 4 min interval. The Y-axis represents
fluorescence in arbitrary units, and the X-axiséinse. MCS-18 (Inmg/ml) was pre-applied for 1
min and during the 3rd heat stimulus. CapsaicinNB was applied at the end of the experiment

to separate capsaicin-sensitive from capsaicimsigee neurons. Note the lack of an effect of

MCS-18 on the heat-induced increase in’[Ga



B. Statistical analysis of the data illustratedpart A. The mean respondeH/F) is plotted for
each of the 5 stimuli in control conditions (bleszkuares) and for the MCS-18 treated cells (open

circles). Bars represent SEM.

Fig. 5

A. Representative example of the capsaicin-indwcgrent in calcium-free extracellular solution
in a rat DRG neuron in the whole-cell configurati@apsaicin (2rM) was applied for 120 s in
control conditions (upper trace). In the lower &adCS-18 (10w/ml) was co-applied with
capsaicin for 30 s after the capsaicin-inducederirreached a steady-state. Note the almost

complete inhibition of the capsaicin-induced cutrerthe presence of MCS-18.

B. Inward currents induced by repetitive capsa{@iniM) application for 60 s at 3 min interval.
The middle trace was recorded in the presence d5M& (10ng/ml). Note the strong and partly

reversible reduction of the capsaicin-evoked curbgrMCS-18.

C. Concentration dependence of the inhibitory actb MCS-18 on capsaicin-induced currents
recorded in the whole-cell mode using the protolbastrated in part A. The Y-axis shows the
residual current in the presence of MCS-18 as egpeéage of the steady-state current before the

application of the drug.

D. Capsaicin-induced current in an outside-outlpatcised from a DRG neuron. Capsaicin was
applied two times at 8M. During the first application, MCS-18 (Xfy/ml) was co-applied with
capsaicin. Note the almost complete and reversibibition of the capsaicin-induced current in

the isolated patch by MCS-18.
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