WD H z /A

K4 (AKfgHm) H Lk & G

¥ FEOoE ML (B

7oL i F OB R 968 5

AR EE AR 2143 A 25 H

AL G O B PAHHIE 455 1

#Fge B, B R HAERFERERE (B LARER) BParIeR AW e A R 2 B

oo B fERMAEEAEY (VOCs) HIRKIC L 2 = XARINE DO RBLUZBET 2 i FL#
FIRFGE — 7 » b = XAFRRETII OMIEN D Lo D AA A=V 2 TR K DR

Br—
MEtmlEELZE (EH) & # W H =Tk
o= o R0 M
B oA A — (EaFPEarseE)
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m X N OHF B R

B1E e

AR ROACFM IR T HEZ ML, A ELA Y ~DBRE ST D ERHEL AT ALLTO
TEIZHN, FEEINDBAIIREISTLEEHE T LR T0D, ZLOEFHEFELEY (Volatile
Organic Compounds, VOCs) i3 = XHREERZTEME(LL | A E IR EMOR R 2L T513h, I
R4 DR DAERRIEEBI XTI L0 HSIL, VOCs OFITh, JREEAE R (BER N A, BRBEAM
F)ICEENOANERT A TEREIR, MAREREREDE LS TS, LinL, FH{EEME 0%
BRIOEE 7N OERICBETIREHNID R AT A0 (CAP) | =aF Ll — MO
i\l RS ABERALN TODDH THD, CAP IZLABURMERB) L, B D VOCs JHE
\Z CAP B MR RE T D LS8N B8 Y, — 7 TCAPZ A (TRPVI) B H13 72K EHEFED VOCs
BB U eSS Y Y, VOCs IZ L DRE R ORE A AT OV IR T2 B MR A3 B 2 X
TS, BT TS OBRAKME, BHEEFE, REf#ESH Bl (L SR ERAS, MRk
RAVEIC 5 R DR BOMR, RO ERREES YW E LS Do, B-FREaF 7 /L7 BRI L2 R
RSB E T A AR IO T D7D O BiRtE E L1z,

~d|]
G

2B SRS U TR LG (VOCs) IS KD IR PR TE 588

VOCs OFRMEF IEMEIZ BT 52 DI FER R B L O E 5 3 2SI BT 25 74155
T AN, RFEE 4-7 Do, B-AELFIT /LT ER (Enaldehydes, EA). 847 /L7 ER (Aldehydes, AL)
BEUEHT /L=2—/L (Alcohols, OL) ([ 1) 12592 =X AR Ei (TG) Ml DR %, Mifa Ly
0 AAA R ([Ca™™]y) DELEFOFEIELL TRELT,

FEREMIT, £ 1-3 H#ED Sprague-Dawley 7k (MERERT 09 & Fiv /-, 6-10 PUZ WrEAMLE %
TG ZMHL, BERILHL, % ARE DIEIC IO 2 B L, 08— 2" 92 FIZ TG Ml a1
L\ IS DA R P S AR MR B i L7,

[ P i 2 B

IRFEEL S OBALAEBEET R 35 R A7 AN IS 2 K] 2 1R T, IR -G HEIR B A O BIRA S
HbeIE M L AEIE EA>AL>OL DJIEE 22577 (K 3) , EA 13755 4 B IR TR A EI & 23035 2720 | AL,
OL TV BABLDOBEMESTRD bz, EA X —EA8IE EIZPRER (5 35%) (X3 B4 D44, AL, OL
VAR I ZHRIA Sy A DA A~ER 3D FTReE D RS LT,

[BRAME] AL, OL 13, REHORVMEEMTLE | KRR M OEE LA BRI, — 4.
EA Tl C4-C7 EA OHROBNCHEF A B2 ZRIT/eh o7 () test, 1 = 19.998, df = 51, P =
0.9999), AL, OL D#ERIL, b 4B LU ABRE R YL 45, — b, EA (ZBLTHL, 20 fRs%

— 326 —



FEKOEFIC IS\ T, BUKHE, VAR RIS W LRI A T L O BRI 52 /02
EMREIT,

[EEs] F—RBEIZBWT, AL IS5 OL VL EIEEE R U, M s L=k
T FOFABRESITND ), C4-CT7 O AL, OL IZDWT, OL i3RHET5 AL Vb s 35/

— IR EREE A L TR, AR REEMIL AR REDOR —FMRIR T e L7025 (L RO H
)

]

[2FHRTEHE] RREKEIZBWT, EAIL AL IZHARZLOMIBITEE 2 H 510, =7 21T
RERIZ LA 6)&@1%@1’tﬁr5]3:f£07':0 W EICBWLTIL, @%&@{té\%@mﬁabfcﬂﬁiﬁﬁﬁ
DEVERFTEEZ RIBIC ERSEDLLTRY, of R F (T3 2 A MM O RBAER, 2D 1%
FCHBELELELTOHR, ARRICHTS EA, AL DIEHZERIC OV THIRBOMIRAS TTREL 725,

[, B-REFIT L FEE (EA) | 7 /L FER (AL) . B ONEET /L — L (OL) 1285 4% ik 7 |

5EA. CAP 3 X UK cooling I 5t 33 LA B 72 AR50 % (K] 4a 18 5 OV 4b 12579, SEA. 5AL. 50L
(IREAEDOMALI TG CAP, cooling BZ MM IZHIFRS AL 4345 L7z (0 5) . 2T, EA, AL,
CAP, cooling I {7 B MEOHIILTEMALLT= (H 6)

TRPV1 k0@ SR ANANEOIEIILIL, JIBUR, 2, ERFORE AN =X 250 7,
SEA, 5AL, 50L % CAP BEVHIED —METE AL LIz Z &b, ZOVERMBEICH & SN DB 5
B OOOYPIAN =X D TCHHEEZBND, e, AW cooling B MEOMEEARILO — b TE 1
fELT2ZEnn, HREe A — VSRR R R A B A T 5 RN 5D,

[o,B- N7 AT ER (EA) | BT LT ER (AL) BL OB 7 /L2 — /L (OL) I K DR QTS AL
A=A A]

SEA. 5AL, SOL IZx} 3220 %, MFIS: Ca® OFFFEICKTELT- (K 7) , 77, SEA. SAL IS0, ##
S D Na" DFFFEI R L THIRIF LT (K 8), — 7, SOL A MEAINEIE Na' Bk &t T Co 72 25805
RLIZ (K 9), TBFERED, SLAWITIB[Ca® s LRI, MIEPIANT M b0 ERETlE7e Mgt
DHDWAZLDEDEEZ Hd, £z, SEA, SAL (22U ThE, AR Na EREFHERL. TO%RE
(AT VY 7 B F 3 20 (VGCC) ZTEMEAL T 23 DEE 2 515, SOL 122\ Tt vGec! a3
RS BN EL COA TREMED 5D,

TRPV1 STHREILER], A7 B OB L. SEA (CEB[Ca™ ]y LRAD TN -1 (K
10) . xRS LU CHREHIC A B2 2513 < (unpaired -test, P > 0.05) . SEA Ji &1 TRPV] 5
AR REE G DAREMIIMRNZLARENTZ, F72. SEA, 5AL, 50L i, —#BD CAP, cooling &%
PEARBE DA TRAAL LT 2 Ehs, MBS TRPV] 52 754X cooling 7 %975 TRPMS 5% ¢ fA 1919
NEEMICE ST REIHEOLOLHERINS,
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IR trans-2-~2 T VGBI E BB A A F v R

BREEH VOCs DR THE KRG ELL CRLND EAICIER L, JREBE 5 O trans-2-~0FF—
NV(SEA) e T NLEWHE LT BatE Ef LT, BRI, X LB 38BE A4 F+
FID SEA [SE~OBGERE T2 BN, FICEE PR REICL AR EMRL,

[SEA RS MErhREHa DY A R 554 )

SEA JESEMEISIRREH 2 A ARUROMIL BN S IR A X345 OFARITIERSZ MR 0<%
U EHERL TR/ MEANCS 7R TED (K 11) | SEA AV/INED L PO RFEIRIC R 4 DAl
(C #RHME. ASHRAME) 2B RANTTEMAL $ D FTREME A VRSN,

[SEA [&Z 0§ 2BALKIFIE T N AF % KL (VGSC) D% ]

552 mOMR VERT, SEA RIS BB BALKIEE T N T AF % /L (VGSC) DEEHTHETS
128, SEA IGEILHZ DT MR LU (TTX) DEEERTI LT, ZOFE R, SEA & DO —E28, TTX
O AT KRR STz (K 35 % DN, P < 0.000001, unpaired #-test, X 12a, b)

[SEA JSEC T DR EZFEEDTF AL F v RAOE Y]

SEA JEHICH G LISDHEMEHELEL T, 2 mOIFArF RN, =aF 7w F ol 25k
(nAChR) BL U P2X ZFKIC DWW TR R Ei L T2, et A ERIOR AL, SEA I
it U TRER MBI RAHIZHST (P > 0.05, X 133, ¢; P > 0.05, X 13b, ¢). nAChR, P2X 7 {k73
SEA JGE B 57D ATREIEIMRNZ &0 R &N,

[SEA )BT DBAKFEE I N0 AT v 3L (VGCC) D3 5]

5 2 BmORE DEZIT, SEA ISEITBITD VGCC DHELEEHETBD, L-, PIQ-BLU N-FA4T
D VGCCIZDWTIRE L7z, L-BX N PIQ #7° VGCC IZxH T BRLER L, & & SEA &K% —
FERREEHIH] (19%DHME], P < 0.001, 4 14a,d; 44%DHH], P < 0.000001, X 14b,d) L, %517 VGCC
P SEA INEIZ B ST D ATREME D RSN, — 7 N-¥ A7 VGCC FREANT SEA J& MU eis e
MAZERLP > 0.05, K 14c,d) . ¥#ET ¥ FNBREEET B REESEIIEOLO RIS, 9 TG
AT EIZI, T=, L) NoZ A7 W PIQ-3B LR R-H AT 2D VGCC DA ERFEREN TS, FRR T
B Sieh 12RO O[Ca™ ] ERIE, )T, R-¥ A7 VGCC I & THEbI TN, 2)BREHNIZ L5
FlBAA A5 Th-oT FIREEIZ DV TH B E TEAR,
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eSS

HREMEARCES Y (VOCs) DA R E EBHEL AL T 5720 DBRETEIT20, LTFOE Lk
HREBEBLNT,

1. fRFEH 4-7 D EA, AL, OL ®F vk TG HIfRIZ 33 28R E-HaS A E A O BEN D, 1) BA X TG
MRS LI BRERT (59 35%) ICR B3 58648, 2) AL, OL 13BUKMEDOBELE 21T, B> TG #fE_LichE
IR A B2 I U TR BLL WD ZEDRIBS T,

2. 5EA. 5AL. 50L IX CAP, cooling &S MMM % E1 43 BCIRIE L L7 2 2D, BERIDIR EZ S
¥R/ Tih% TRPV1, TRPM8 A& Z I U TIHMERELL TV ATREE IRV,

3. 5EA, SAL. SOL (L AHMURSEIL, MifSt Ca® OIFEEITIKTEL TI8Y, SEA. SAL O TIEANA
S Na DTFEFEIZ L ThIURTEL /22 Eh5, SEA, SAL IZ#IHIAR 2 LT VGSC HREHOFEFAS
oY, £ D% VGCC DIEVEL LB - TND ATREMED VRENT,

4. TTX OHEAIZEY—ED TG MEUZIITD SEA JEERH FITMIS -2 bih, TTX B Na
Fv XD SEA ISETK T LB G RIES I, — )7, SEA R IC nAChR, P2X ZFAME 545
AIREMEIHEL | L-BE N P/Q-# 47 VGCC 73 SEA BB 54 B T REMEN B W e REN T,

AFFFENTL - THEEEF LY (VOCs) DR TR UM O — 8 b &,

51 3R
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2. Responses of intracellular calcium in single neurons;
3 mM pentenal (upper graph), 3 mM pentanal (middle
graph), and 55 mM pentanol (lower graph). KC1 (40 mM)
served as a positive control. Stimulus delivery is indicated

by a horizontal bar.

[X 3. Concentration response functions of trigeminal neurons for enaldehydes (left), aldehydes (middle) and alcohols (right) of differing
carbon chain length. Results are presented as the % of neurons responding. Four carbon compounds are plotted as solid lines, five
carbon compounds as dashed lines, six carbon compounds as dotted lines and seven carbon compounds as dashed/dotted lines.

Fluorescence ratio

[X| 4a. Responses of neuronal intracellular calcium to 3 mM
SEA and 300 nM CAP. The responses of three neurons are
plotted; two, each one sensitive to a single compound and
one sensitive to both SEA and CAP.
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4b. Responses of neuronal intracellular calcium to 3 mM
SEA and cooling (32 to 18 °C). The responses of three

neurons differentially sensitive to SEA and cooling are
shown.

[X 5. Distribution of sensitivity to SEA (3 mM), SAL (3 mM)

and 50L (30 mM) as a function of the type of neuron, defined
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by sensitivity to 300 nM CAP or cooling from 32 to 18 °C.
Numbers in the Venn diagrams indicate the percentage of total
neurons tested that belong to each category.
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6. Multiple types of trigeminal neurons respond to
SEA. In this example, 2 different types of CAP-sensitive
neurons (bottom 2 traces) as well as a cool-sensitive
neuron (second from top) and a neuron that is neither a
cool nor CAP-sensitive neuron (top trace) responded to
SEA. Plots have been moved vertically for clarity.
Baseline fluorescence ratios are indicated at the left of

each trace.
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8. Sodium dependence of neural responses to
pentenal (upper), pentanal (middle) and pentanol
(lower). NMDG-containing Ringer’s solution (bar) was
substituted for the sodium-containing Ringer’s solution
to produce sodium-free conditions. Delivery of stimuli
is indicated by small horizontal bars.

Rl
§ 1.04 !
g l
g '
o ‘ W,
S 094 ppron;
2 B W L W
T \V\r\,\/\nv\,,jw'v’
10uM CZP ==
L~ 300 M 5EA
300 .M SEA
0.8 T v T T ]
o 200 400 600 800
Time, sec

Fluorescence ratio

. . A \
u AN
a8 W0MSEA (N i
— M 5EA 40mM KCH
o8 JDOuM 5EA Ca”-free 00k
T T T T T T
0 20(‘ 400 600 800 1000 1200 1400 1600
124
1.0+ ( ™ 3mM SAL
as — \»-—v_..,,,:,,.,%,w——————-—— [\W"“‘
““ 7 3mb 5AL o fren amMSAL  40mM K
T T T T 1
[ 200 400 800 800 1000 1200

I S N

43mM 50L  40mM KCI

05+ 43mM50L Ca*-free
T T T T 1
0 200 400 600 800 1000
Time, sec

7. Calcium dependence of neural responses to pentenal
(upper), pentanal (middle) and pentanol (lower).
Calcium-free conditions were obtained with 1 mM
EGTA-containing Ringer’s solution substituting for the

calcium-containing Ringer’s solution. Delivery of stimuli

is indicated by small horizontal bars.
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9. Response to pentanol during extracellular
sodium-free conditions as a function of the initial
response to pentanol. Responses of individual neurons
to pentanol (43 mM) during superfusion with
NMDG-Ringer’s solution are plotted vs. initial responses
to pentanol (43 mM) in the presence of 138.3 mM

extracellular sodium.

[ 10. Lack of effect of capsazepine (CZP) on
responses to 300 uM S5EA. A typical neuron, the
response of which was unaffected by 10 pM CZP.
Neurons were preincubated with CZP for 1 min before
delivery of a mixture of SEA and CZP.
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11. Size distribution of pentenal-sensitive and
-insensitive neurons. Scnsitivity to pentenal was found
throughout size range of TG neurons.
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12b. Inhibition of TTX-sensitive sodium channels in TG
neurons by tetrodotoxin. Bars indicate the mean amplitude
of second responses relative to initial responses (+/-
s.e.mean). *P < 0.000001, significance compared to the

control experiment.
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13b. Effects of TNP-ATP on the pentenal-induced [Ca®'];
increase in TG neurons. The increases in [Ca’*}; induced by
300 uM pentenal were not blocked by 10 uM TNP-ATP.
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12a. Inhibition of TTX-sensitive sodium channels
in TG neurons by tetrodotoxin. Application of 300
MM pentenal in Ringer’s solution induced [Ca*'];
increases that were variably inhibited by 200 nM
tetrodotoxin.
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13a. Effects of hexamethonium on the pentenal-induced
[Ca™]; increase in TG neurons. The increases in [Ca’'];
induced by 300 uM pentenal were not blocked by 100 uM

hexamethonium.
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[& 13c. Effects of hexamethonium and TNP-ATP on the
pentenal-induced [Ca®"]; increase in TG neurons. Bars
indicate the mean amplitude of second responses relative
to initial responses (+/- s.e.mean). N.S., not significant.
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14a. Effects of voltage-gated calcium channel
antagonists on the increase in [Ca’']; produced by pentenal.
Responses to 300 pM pentenal were partially blocked by
20 uM diltiazem.
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l4c. Effects of voltage-gated calcium channel antagonists
on the increase in [Ca”']; produced by pentenal. o-Conotoxin
GVIA (1 pM) caused only a small reduction of
pentenal-induced response amplitude compared to the
control experiment.
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14b. Effects of voltage-gated calcium channel
antagonists on the increase in [Ca’*}; produced by pentenal.
Responses to 300 uM pentenal were partially blocked by
500 nM w-agatoxin IVA.
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14d. Effects of voltage-gated calcium channel antagonists
on the increase in [Ca®'}; produced by pentenal. Bars indicate
the mean amplitude of second responses relative to initial
responses (+/- s.e.mean). *P < 0.001, **P < 0.000001,
significance compared to the control experiment. N.S., not

significant.
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SR - BEIND, 29 LB 2Bk, AEEY~D%

;ﬁ?éEWW@VXTA&LTQ RENEHEV, b2 b ENHFEAIEE DR
BT DEEFET LRoTVD, L OERMEFHLEY (Volatile Organic

Compounds, VOCs) X =X#REEREEELL, BAEEIREEHOKEL
AR HI1E0, MERER EOERRIGEFIERITZ LA bh, VOCs D
FCh, BRBEERS HERT A, BEEAME) ICEEN B REMT LT b R
iF, &V DITRARBEREWE & ShTnd, LiL, Zhb{L¥mEDS
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