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Chemical stimuli cause pain sensation through TRPA1

activation
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Transient receptor potential (TRP) channels are well recognized for their
contributions to sensory transduction, responding to a wide variety of stimuli
including temperature, nociceptive stimuli, touch, osmolarity and pheromones. In
particular, the involvement of TRP channels in nociception has been extensively
studied following the cloning of the capsaicin receptor, TRPV1. TRPA1 belongs to
the TRPA subfamily, and has attracted attention for its potential role in
nociception. There are increasing numbers of reports about the stimuli causing
TRPA1 activation. He focused on two chemicals causing pain sensation. One is
alkali pH, the other is methyl p-hydoroxybenzoate (methyl paraben). Vertebrate
cells require a very narrow range of pH for survival. Cells accordingly possess
physiological sensory and defense mechanisms for those occasions when the pH
deviate from the permissible range. Mechanisms for the detection of alkaline pH
by sensory neurons are not well understood, although it is well accepted that acidic
pH monitoring can be attributed to several ion channels, including TRPV1 and
ASICs. Moreover, some physiological studies showed alkali pH caused acute pain
sensation. On the other hands, parabens are commonly added in pharmaceutical,
cosmetic and food products because of their wide antibacterial properties, low
toxicity, inertness and chemical stability. However, parabens have been reported
to cause contact dermatitis reactions and have been implicated in numerous cases
of contact sensitivity on cutaneous exposure, when parabens have been applied to
damaged or broken skin. Here, he used Ca?*-imaging methods to show that both
alkaline pH and methyl paraben caused increase in intracellular Ca?*
concentration in HEK293 cells expressing TRPA1. Moreover, ammonium chrolide
which causes intracellular alkalization without affecting extracellular pH through
ammonia’s binding with protons in the cytosol, also caused increase in intracellular
Ca?* concentration in the cells expressing TRPA1. In order to facilitate TRPA1
activation by intracellular alkalization and methyl paraben, he used the
patch-clamp niethods to show that ammonium chloride- or methyl
paraben-activated inward currents had an ECso of 9.2 mM or 4.4 mM, respectively.
These currents exhibited an outwardly rectifying current-voltage (I-V) relationship.
Furthermore, a reversal potentials of the I-V curves were about 0 mV, indicating
the involvement of the opening of a nonselective cation channel. These properties
are identical to those reported for TRPA1l currents evoked by known stimuli
including isothiocyanate and thiosulfinate compounds. Both ruthenium red and
camphor, famous TRPA1l blockers, caused almost complete inhibition of both
intracellular alkalization and methyl paraben induced TRPA1l currents. In
addition, he performed single-channel recordings with an inside-out configuration
in HEK293 cells expressing TRPA1 to examine whether intracellular alkaline pH
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activates TRPA1 in a membrane-delimited fashion. Increasing bath pH to 8.0 or
8.5 increased the channel opening in a pH-dependent manner in the inside-out
configuration, indicating that alkaline pH activated TRPA1l from the inside. In
isolated mouse DRG neurons, ammonium chloride and methyl paraben induced
increase in intracellular calcium concentration and inward currents in cells which
responded to both AITC and CAP like in HEK293 cells. Moreover, in DRG neurons
from TRPA1-defficient mice, none of the capsaicin-sensitive cells responded to
either ammonium chloride or AITC. Mutant analyses suggested that the two N
terminal cysteihe residues (C422 and C622), which were recently reported as
reversible covalent modified region by structurally unrelated compounds, were
involved in activation by intracellular alkalization. Stepwise alkalization
potentiates TRPA1 responses evoked by 20 uM AITC or 4-hydroxy-2-nonenal both
of which are known to act on the cysteine residues activating TRPA1, suggest the
possibility that there are molecules which have the ability to activate TRPA1
through action on the cysteine residues and are retained even in the excised patch
membrane and that alkalization enhance the molecules’ action. Moreover,
preincubation with dithiothreitol showed significant inhibition of ammonium
chloride-evoked inward current, suggesting that disulphide modification of
cysteins is necessary for TRPA1 activation by intracellular alkalization.
Furthermore, intraplantar injection of ammonium chloride or methyl paraben into
the mouse hind paw caused pain-related behaviors, which were significantly
reduced by the concomitant application of ruthenium red reported as broad TRP
channels blocker. Injection of methyl paraben also induced paw edema, a
phenomenon of neurogenic inflammation, and increased licking or biting behavior
in a dose-dependent manner. Moreover, these behaviors by ammonium chloride
were not observed in the TRPAl-deficient mice. These results suggest that
intracellular alkalization and methyl paraben causes pain sensation through
activation of TRPA1.
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Transient receptor potential (TRP) channels 7 7 X U —IZ/&9 % TRPAL F ¥
FINME, BaDILEMELE LI VESELENRZ I ERINETICRESH, BEH
BERIBWTREEZRETHFLERBEN TS, KAXICBWT, HEE
AR i 1% TRPAL F ¥ XNV ETEMLT 25T 20FH LWHlE z RWVWiZ LI,

KBEAFVBE pHiZ, HIEOAFICL - TCEERERFTH D7D, MK, Mia
iZ. pH DEBEHLEA» LR L-BICBRETIHBELZEL VDI EZIbN D, &K
BRI AEIT B T BRYE pH A% TRVL % R0 ASIC F ¥ RAAC & - THA &
N LIEE<HEBNTWAA, 7Ah UM p OBMBEOEMIAL LTSN
TWARW, 72, MEERZ2H8 LIEELREOKRS & LTHEHA I TV S paraben
EWVWIOIMEIZ, AT RO RABBREEESE XD EDMONTWER, £ D5 Fi#E
B LI IR TV,

FEERIZ., 2RO ORMIEORESRIZ, AN Ca¥ 4 A -V 7EICLD Ca”
BAQREL . @M AYF 275 FHRICEBEEROMEICLY T Fr—F L,
AROT VA Y M pH. 3B X methyl paraben 23, TRPAL F ¥ XNV EIEME/LT D
TEERWE LE, EbIT. inside—out Bl EHRE R F I T UTEICELY, T
HY pH RHBERNEALLERLTWAZEEZHALNCL, £, BE—Frxr b
NTOEMIEOHER L, £, BREEHFTICEIY. 70 Y pH & N imHEEaA
HEIRD oD Cys BED, BB LA EHORZTHEEZED D T LICK» THEHE
BZBIERBILTWVWAIEZHLNILE, LI, HELVIALTH, TVADRE
B2, MBART ATV pH 23| 2B THAT VE=U A, b L IE nethyl
paraben ¥ B 5T 5 ¢, BEEENCITHELRTI L, LT, TRPAL Bf5F/ v 7
TR RATCREOFTHNEONARANVILR2BELL, ZThOoOEE»L . BH
i, 74k Y pH 3 L O paraben 25, TRPAl F ¥ XA ETEMLTHZLICLVE
REFEEBILTWA LW Hmi2AREICE W,

ARRICBTDIhbOMRIT, REMBEZEFL L TRBSN TS TRPAL
FXYRNVOREANI NT A, 2O0FRRAFERVELELLDOTHDL, TIVD
VpHIZBET 28R, B 0 EGBRRKICBT 2 EERABFENEREAL TRY.,
paraben ICBET A M RIT. 5B DAIZE, (b AHERZCBITIEEEZRETLILO
T, LWL EELLVET S, UEoBEEANL, BEZESIX. 2B—K T, X
IREMBIXE LTHIELWVLDTH D LHIB LT,
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