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Summary of thesis contents

Transient receptor potential (TRP) channels respond to a wide variety of sensory
stimuli, including temperature, nociceptive compounds, touch, osmolarity, and
pheromones. TRPV1 can be activated by chemical ligands such as capsaicin,
endocannabinoid, anandaminde and protons, and by physical stimuli such as heat,
and acts as an integrator of multiple noxious stimuli. TRPA1 is an ion channel
targeted by pungent irritants such as those from mustard oil and garlic and is
thought to function in diverse sensory processes, including cold nociception and
inflammatory pain. Therefore, TRPV1 and TRPA1 are ion channels involved in acute
nociception and inflammatory pain and are considered to be promising targets for the
development of analgesic agents. Most of the published TRPV1 and TRPA1l
antagonists lack optimal properties for clinical development such as selectivity,
solubility, oral bioavailability, and/or reasonable pharmacokinetics. Thus, naturally
occurring antagonists of these channels which have been demonstrated to have a
safety profile based on their long usage would be desirable.

Essential oils are often used 1in alternative medicine as analgesic and
anti-inflammatory remedies. For example, menthol, the main ingredient of
peppermint, is used for pain relief in daily life. Analgesic effects of menthol have
been considered to occur through TRPMS8 activation. However, molecular
mechanisms for analgesic effects of these ingredients are largely unknown. It is
reported that high doses of menthol caused sensory irritation through TRPA1
activation in humans. Camphor, another essential oil component, is now known to
exert analgesic effects probably through inhibition of TRPA1l and activation of
TRPMS&8. However, camphor is not suited for use as an analgesic compound because
it causes a warm and hot sensation, probably through TRPV1 and TRPV3 activation.
I thought that other effective analgesic compounds would activate TRPMS8 and inhibit
TRPA1, but not activate TRPV1.

Through the screening of essential oils, I found that eucalyptus oil exhibited a
relatively high hTRPMS8-activating ability with less activation of hTRPAL.
Furthermore, 1,8-cineole, a main component of eucalyptus oil, inhibited hTRPA1
activated by several agonists with a half-maximal inhibitory concentration (ICs0) of
3.4 mM for AITC (20 nM)-evoked hTRPA1 currents. In addition, sensory irritation
tests in vivo showed that 1,8-cineole conferred an analgesic effect on the sensory
irritation produced by menthol and a TRPA1 agonist octanol. Moreover, 1,4-cineole,
which 1s another component of eucalyptus oil, activated hTRPAI. Several
compounds with similar structures exhibit different effects on hTRPA1l. Menthol
and 1,4-cineole activate hTRPA1l, while camphor and 1,8-cineole inhibit hTRPA1.
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Given these promiscuous effects on hTRPA1l, more detailed analyses would lead to
finding more effective compounds.

To identify more effective TRPA1l antagonists, I screened camphor analogs among
monoterpenes which comprise a group of naturally occurring organic compounds
derived from essential oils that have been wused for anesthetic, analgesic,
anti-inflammatory, and anti-pruritic applications. I found that borneol,
2-methylisoborneol and fenchyl alcohol inhibited hTRPA1 activity. The hTRPA1
currents induced by AITC (20 uM) were inhibited by borneol, 2-methylisoborneol or
fenchyl alcohol in a dose-dependent manner, with ICs0 values of 0.20, 0.12 and 0.32
mM, respectively, which are much lower than the ICs0 values of 1,8-cineole (3.43 mM)
and camphor (1.26 mM). In addition, sensory irritation tests in vivo showed that
borneol conferred an analgesic effect on the sensory irritation produced by menthol.
Furthermore, I found that the S873, T874, and Y812 residues of hTRPA1l were
involved in the inhibitory effects, suggesting that the hydroxyl group in the
cyclohexane of the inhibitors may interact with these amino acids.

Moreover, to understand analgesic mechanism of menthol, I examined the effects of
menthol on hTRPV1. The hTRPV1 currents induced by capsaicin were inhibited by
menthol in a dose-dependent manner, with an ICs0 value of 1.17 mM. In addition, an
in vivo sensory irritation test showed that menthol conferred an analgesic effect on
the sensory irritation produced by VBE (vanillyl butyl ether), a TRPV1 agonist.

Furthermore, I found that Y511, S512 and T550 of hTRPV1, which are binding sites
of capsaicin, were little involved in the inhibitory effects of menthol. These data
suggest that menthol interacts with sites different from those of capsaicin. These
results show that an analgesic effect of high-dose of menthol is derived from its
inhibitory effect on TRPV1 to some extent.

In this study, I elucidated molecular mechanisms of analgesic effects of essential oil
components. Further research of these compounds could lead to Dbetter
understanding of the structural determinants for the action of these compounds on
TRPV1 or TRPA1 and the development of anti-nociceptive agents through TRPA1 or
TRPV1 inhibition.
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Summary of the results of the doctoral thesis screening

HiE . mAafs RIZ.BMAEREEE X ERERERTIED0 T HE O
fEB, BELOTERA ELTE N Mk 2 O B2 H M EL T, Ehh 2k O HEK293
AR A in vitro BBLRELTH W, Ry F 270 FEEM BN Ca2t A A—TU 7k
\ZX% Transient Receptor Potential (TRP) F ¥ %L ~D¥5 il 5k 23 O 1E H O 4 .
BELOEMIBE MR 0 2B A LM E2B L THIEICLDIE T O % 21T > 7=,

ZAVETIZ, menthol 28 I LB ICH UK S 5 2 5D 1%, TRPM8 F ¥ R/ 721)
TR TRPAL F ¥ 3 A BIE AL TH7D THAHAZEN MBI TV, & A KX, L0
Wk A5 2 2WE % e FTRPM8 F v /L& i& ME{L LEN TRPAL F v V&1 ML L
RWZERFEIE L L TH 2« O 2 HEE R L. eucalyptus oil, 2222 THZ D 53 O O
LD ThDH 1,8-cineole ENTWNDHZ LA H HLICH H LT,

WA, m A KL, BN TRPAL Fr &G ML L e W & TH H 2aH &
Ll E OB %EiT v, BN TRPAL B # & &L T borneol, fenchyl alcohol,
2-methylisoborneol Z#H M ICH & L7z, £z, 2NHOYE 23 & ¥ £ @ menthol (2
EHEMIBIT B IE Z M I #7522 Lz, DT, £ BAKZH Wi-f#
Brickv ., eF TRPAL F ¥ X /VICBITH/E A AL EL T, menthol &3 @ 2% 5 I &
WEEAL O 2 DO T/ FE K Ser873, Thr874 Al & +5LEH12, borneol O +5
6EEDO-OHEDNEH MO A ICHFHELTWDLZELHLMICL, £72, AITC %
DT A= AMTEVIE L St h TRPAL F ¥ %L i 235, borneol % O [H % #|
BEEICIVMEISNTZE BEAMOLZL VR LIZEZICELHE R T8
BRRWEBL G S /AL H L7,

Menthol IZ8EJH1E O H T2 BN TEIN, 2D 5y 7 HB X+ 4 139
HivlcEh Wi o7z, @ A K iZ, menthol 28~ TRPMS8, Bk TRPAL IZ/EA 5
DH 7257 Bh TRPV1 @ capsaicin BXOVE IR A I LML=l ET528%
IR LT, SBIC, ZOER A ORI EZH B EL TE RAIKZH W %
17V . menthol 23tk TRPV1 @ capsaicin fEH &AL LT H4L5H Tyrs511, Ser
512, Thr550 LIF R R AL IC/EH 5622 bl

oo mARIZ, —BLEEFEOLE BHEICHAELZ =207 —<ITO
TH B EENIF IR R EZE T CTE, SHI, ZNOOM R R T, @A K 2% H
BEHELTHE LR EHR L IMELTHICHESISNTWDS, 2. 560 K o%m /i,
1,8-cineole Z 70 & T DH LG I B A A OB 3¢ 28 7=,

LU b ARBEEIE, 23 7AW 0 F ik il 26 D T e A2 BE 2 W AR AT d KOV e MR A2 B
FHIEAT O FERE RA A LT A ORIy O TRP F ¥ 1263 248 i oo il i &
Z O E R A OICLIZb O T, ZOREIMEILL D AA O LG H B3 2B 1T A1l E
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