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Neuromagnetic Responses to Sniffing Odor in Human Subjects
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We measured MEG (magnetoencephalogram) while a subject sniffed air or odor
of either lemon, lavender or soy sauce in 10 minutes. First, signals were averaged with
respect to the onset of sniffing. Secondly, the data was passed through band-pass filters,
rectified and averaged, with some modifications of the TSE method (Salmelin & Hari,
1994). Both analyses yielded odor-specific responses in the right frontal part of cortex.

§ 100000

goooboboooooobobobbouooooooao
ooooooo 0000000000001 o000
gooo0b0ooboobboobooobooboooo
godbooobbooboboboobooboboilo
godooboooooboooboboouoooooo
doooooooooo sniffing DOOOOODOO
sniffing 00 000000000000 0.4secOOO
0000000000 4liter/ mn00O00O0O0O0O0O
00000000000020liter/mnD0 000000
godooboooooboooboboouoooooo
00000000000000000000000%0
sniffing0 OO0 00000000 threshold 0 magnituted O
000000000000000000%YdLaing®
goodosniffingd 0000000 OO0DOOOO0O
gooo0b0ooboobboobooobooboooo
gooo0b0ooboobboobooobooboooo
(EEG)D0000D0DDO(MEG)*®0000D0DDDOO
gdoobooooobooobobooguoooooo
000000000000 d8liter/min) O sniffing 0 O O
gooo0b0ooboobboobooobbooboooo
gooooooooooo* oo setD0oooagg
sniffing0 00 0000000000O0O0O0O fMRIOODO

00°W0000MRIODOOOOOODOOOOOOOO
0000000000000 0000000000
0000000000000 local field potential O O O
000000 19500 00O OO00o0oooYoooo™®
00o0O0®O000000000Osniffing 00000
olfactory bulb O piriform cortex O gamma frequency range
(30060Hz2)0 0000000000000 DOOO0OO0
000*¥oOoooOoooooo0ooooo0ooooo™o
0000000000000 0000000000
0000000000000 0000000000
00000000 sniffing000000000000
000000000000000 fMRIOOOOOO
0000000000000 0000000000
0000000000000 0000000000
sniffing 00 0000000000000 00000
00000000000000

g§ 2000

021000000

o000 200000KILTWODOODOODODODOO
goooboooMEGUODUOODOUODODODODO
O00o0oO0obo0oOoboOobooogognsniffing O
goooobbbooogooooobobobooog

KEY WORDS: OO O OOO Gniffing)d 000000000

M 13 M



496 gooooooo0oooooe3dnn1z0o

00000000 (visco-elasticform IO 000000
00000 celOOOONO nosepiecel OOOOODOO
OO00O00o0oOd0obO0O1000i100o000ooDood
0o0o0o0oooboooO 1kB3ooooooooooa
0000000000000 O000O0dooOdsniffing)
OO0 Osniffing0 0000 Laing?D 0000 500ms 0 0

Sensor array
helmet —»

fixation

one way
valve

: cotton

: “air with odor
¥ exhaust

lip valve

optical fiber sensor

OO0 sniffing0 000000000

0 O 0O O sniffingd O

0000D000DOOoDooOooooo sniffingdooOd
OO0000OO0O00OO0Osniffing 000000000
OOO00oO00O00oDO0ooDOOoobOOoboOooooo
goooooooobooooooooboooooaao
goooboooobooooooonoooooao
OO000000O000OO0O sniffing0000000OO
OOO00oO00O00oDO0ooDOOoobOOoboOooooo
O cellD OO OO 0Osniffing 0 0O one-way valve O lip
valve OODODOOOOOOO celOOOODOODOO
OO0000O0OO0OooOgoOOlipvalved0O0O0O
00000000000 O00D00O0OOone-way valve
OO0sniffing 00000 0OOO0OOODOOODOOOOO
0o000D0OOoobDooooog sniffip 0000000
00000 cellOOO nosepiece 00 O00DOOOO0O
OOO00O00O00oDO0ooDOOoobOOoboOooooo
0 0.030100HzO OO ODDODOOOOO 400HzO O OO
gooooMoOoOoooooooono

022000000

0200000000001 000000 lipvalve O
onset O O0O0OOODDOOOOOOOOOOOOO
00 100000OoO0oU0oooooooogoooo
O000oo0oobooooodlip valved onset O
trigger 0000000 DOOO0OOOOODOOODOO
00000000 trigger0000 nlocked DO O OO
o0d0oooOoOdU0oooooOoOoDooooooood
S/N OOO0ODOOOoOoopooooooooooooo
00000000000000000 TSEOQ (O2a)®
dooopooos/NODoODooDoooooboooad
OOO00O00O00oDO0ooDOOoobOOoboOooooo
OOO00O00O00oDO0ooDOOoobOOoboOooooo
0000 2b0000O0OOtrigger 00O 0O O 05000 0ms
oooooobooooooobooobbooooooo
OOO00O00O00oDO0ooDOOoobOOoboOooooo
TSEOOO SNOOOOODOOOOOOneuromag O O
OO0O0O"Graph"ODODOODOOOOODOOODOOODOO
000000 size=1280 FIR-ftO OO0 OO0OOOOO
OO00O0oO0o0d0obooOeHz0ODOOOOODODOD 10
OOO00O00O00oDO0ooDOOoobOOoboOooooo
goooboooobooooooonoooooao
goooood

M 14 M



sniffing0 0000000

@)

raw data —p-DANA-PASS o roctify —p-  average

filter

trigger signal

(b)
raw data —q» b%r;tcl-rpfss —» rectify —® gain —:-oA—> average
subtract 4
band-pass

filter 2 — reCtify —p gain —>

|y band-pass __, rectify —p gain —»>
filter 3

band-pass
filter 1

frequency
>

band-pass

band-pass
filter 2

filter 3

o0 ODoboobobobooooooboobobo
(TSEDO0DDOraw data0 0000000000 DODOO0ODOOOOODOOOODO
gboboooooon
MUODOOOO0ODOOO0ODOTSEDOODOrawdataD DO OOODOOO 30
goooooobooobooboobobuobooobobDooboboobuoboo?

gbos3gbogooboboooogscomsdbobobooobobobononog
gboi1oz2030b0bo0oooog

d
O

0000000000 O00DOOO0DOOMHz)D

filter-1 filter-2 filter-3
set 1 31-37 25-31 37-43
set 2 37-43 31-37 43-49
set3 43-49 37-43 49-55
set 4 49-55 43-49 55-61
set5 55-61 49-55 61-67

M 15 M

497



498 ooooooooobooOoesooOlzn

§ 3000

OO0 3a00000KIOOOOOOooooooooo
Oo0ooooo sniffingD00000000OD00O0O0O
0000000000 Olpvalved onset0 00000

OO0 (:00000C0CCCOCOC0OC0OOObOOOCO
O lipvalve O onsetO0 OO t=00000
t=0 25000 +1000ms O O O
(bod:(@COoC0bC0000O00O0O0OOobOOoUoo
oooooooooooooo
000 lipvalve O onsetd) 0 O t=00 O O 100fT/ecmO
godo1o0msO000OOt=05000+1000msO 000
lem:O000O0lav: 00000O0Osoy: 000
(@0c):000OKIO@W):O0O00OTWO

00000000 3b0OO00OD0ODO0O0ODOODOODODO
goooobbbooooooooobobobooog
goooobbbooooooooobobobooog
ooooboobonbD 3cibboobuooboobo
ooooobobooo0oooooobobooboooog
goooobbbooooooooobobobooog
OO00oO0 TwiOOOsniffing00ODO0O0OD0ODOO
0000000000000 0D003dob0onog KI

OO0 0OO0TseEOC0O0O0O0OO0OO0OOUOOOOOOoOooDoOooO
goad lip valve O onset OO t=00t=-5000
+2000msC O O O
(U000 TWODODODOO set300on
ooooooo
() ODOODO KIOOCOCOset4O0OOOOODOOO
00000000000oooooooooooo
000200000000000TSEOODODOO
O00OD0OO0ODOD0O TW O evoked response (O 3dO
Oo0oooooooooooooooooooo
00000000ooooooooooooooo
OO0 KI O evoked response0 0 3bO0O0O0O0OO
00000000002 Jogoooooood
ooooooooooooooo

O 16 O



sniffing0 0000000 499

gooooodoooooooooooooooada
OO0000o000ooooooooooooog 300
O400msO 000

O04a00000 TWOODOO sniffingD000O0O0
Oo0o0o00o0do0oo0oooooooO 1set3ddon
OO00o00oooooooooooooooogag lip
valve 0 onset 0 0 0 1200ms 0O O 0O OO 650ms 00O
00000000000 boD 400000 KIODOO
Osniffing0 00 00001set4 0000000000
00000000000 000o0oo0Ogng 940ms OO
OOoOoseomsO00000000000O 10000 2
0o00o0ooon 2600000 sniffingDO00O0O0O0
doddddoo2o000o0o0o00oooooooooaa
O0o00oooo0oooooooooooooog
OO0O0O000 1032+ 2556msO0 000000 466 £ 150
msOOOO000D0 49+ 5Hz OO0 O0O0OO0ODO sniffing
goooooooobooobooooodgaa

§ 4000

Osniffing 00 000000000000 ODOODOO
OO0CatifactU D0 O00O0OO0OO0ODOOOOODOOO
gbooobooboboobooboobooog
gboobooboobboboobboobobon
gboobooboobboboobboobobon
Osniffing0 00000000 0ODO0O00C0ODO0ODOO
o000 artifact JO0O0O0O0O0 ODOOOOODO
gboobooboobbobooobboobbon
ooogosniffing0 000000000 0ODO0O0O0O
OO00O0DoO0o0o0oOoDOoD artifact DO0OOOODOO
goooobbbooogooooobobobooog
Oartifact0 0000 O0D000ODODOOODOODOODOO
0000 artifact 00D O00O0D0ODO0ODOODOODOO
goooobbbooogooooobobobooog
goooobbbooogooooobobobooog
ud, goobbobooooobbobooooooobo
goooooonD 300

Osniffing OO0 0O0OD0OO0O00OODOOO0OOODOODOO
goooobbbooogooooobobobooog
gboobooboobbobooobboobbon
OO0DODooOosmsO00000000000O0DO4)0
gooobgogDb soHzODOOooOOooOoobooobo

m 17

gooooobobboooooogooooboboobooo
gbgo3odeoHzODOOODOODOOOOOOLOOODOO
OO0OoOO0OOsniffingD0000D0O00OC0ODO0OO
gbooboobooooMEGUODUOODOODO
O00000000DO00D00D000000S/NOD
00000000000 0PETOfMRIPODOOOO
gooooobbboooooooobobobooo
oooobooboboooboobuoobon

§o0o0on

02000000000 0000DO0O0000O00OO0O
OD0O0DOoO0o0g0osniffing0d 000000 MEG)OO
O0O00pooOo200000000000 1000.03
gloo0HzOOOOOOOOODOOOOODOOOODOO
O0O0O00dsniffingDO00O0O0OOO0OOO0DOODOO0O
gooo0oonoooooboooooboooooboad
OO0000o0dobOO0ooO0oooooooogo 2
OO0Osniffing 000000CO0O0OOOOO0ODOO
gooo0oonoooooboooooboooooboad
0000 Salmelin & Hari (1994) O TSE(Temporal Spectral
Evolution O DO DO DOODOOODDOODODOODO sniffing
oOoooooooOoOoooooogooooo
O0oo0oag sniffing O0OOO0O50Hz OOO0O0O0O
sniffing0 0000 0 1000ms0 00000 O 500ms O
Oo0O0o0ooooOoOopoooooooo

g§ 5000

gooooobbboooooooobobobooo
gbooboboooboobon

gel OO O

1) D. Laing, Characterization of human behaviour during odour
perception, Perception 11, pp. 221-230, 1982.

2)  M.M.Mosell, P.F.Kent, P.W.Scherer, D.E.Hornung and
S.J.Murphy, Nasal air flow, in Smell and taste in health and
disease, ed Getchell TV et al., Raven Press, pp. 481-492, New
York, 1991.

3)  J.Le Magnen J, Etude des facteurs dynamiques de I'excitation
olfactive, L'annee psychologique 1945-46, pp. 77-89, 1945-46.

m



500

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

ooooooooobooOoesooOlzn

T. Rehn, Perceived odor intensity as a function of air flow
through the nose, Sensory Process 2, pp. 198-205, 1978.

D. Laing, Natural sniffing gives optimum odour perception
for humans, Perception 12, pp. 99-117, 1983.

D. Kobal and T. Hummel, Olfactory evoked potentials in
humans, In: T.V.Getchell et al. (editors). Smell and Taste in
Health and Disease. Raven Press, New York, pp.255-275.
B. Kettenmann, C. Hummel, H. Stefan and G. Kobal, Multiple
olfactory activity in the human neocortex identified by
magnetic source imaging, Chemical Senses 22 , pp. 493-502,
1997.

Tonoike M., Maeda A., Kawai H. and Kaetsu |. (1996)
Measurement of olfactory event-related fields evoked by
odorant pulses synchronozed with respiration. In: Hashimoto

I., Okada Y.C. and Ogawa S. (editors). Visualization of
Information Processing in the Human Brain. Elsevier:
Amsterdam, pp.143-150.

N.Sobel, V. Prabhakaran, J.E.Desmond, G.H.Glover,
R.L.Goode, E.V.Sullivan and J.D.E.Gabrieli, Sniffing and
smelling:[0 separate subsystems in the human olfactory cortex,
Nature 392, pp.282-286, 1998.

Ketchum KL, Haberly LB. Fast oscillations and dispersive
propagation in olfactory cortex and other cortical areas: a
functional hypothesis. In: Davis JL, Eichenbaum H (editors)
. Olfaction. Cambridge: MIT Press, 1991. pp. 69-100.

D. E. Woolley and P. S. Timiras. Prepyriform electrical
activity in the rat during high altitude exposure,
Electroencephalogr. Clin. Neurophysiol., 18, 680-690, 1965.
N. Ravel et al., Evidence for differentia processing of
information among olfactory areas as revealed by study of
oscillatory activities, Europea Symposium on Olfaction and
Coghnition, Lyon, 1999.

W. J. Freeman and W. Schneider, Changes in spatial patterns
of rabbit olfactory EEG with conditioning to odors,
Psychophysiogy, 19-1, 44-56, 1982.

G. Laurent, Dynamic representation of odors by oscillating
and evolving neural asseblies, Trends in Neurosci., 19, 489-
496, 1996.

W. Singer and C. M. Gray, Visual feature integration and the

16)

17)

temporal correlation hypothesis, Ann. Rev. Neurosci., 18, 555-
586, 1995.
R. SalmelinR and R. Hari, Spatiotemporal characteristics of
sensorimotor neuromagnetic rhythms related to thumb
movement, Neuroscience 60, pp. 537-550 , 1994.
A.J.Zatorre, M.Jones-Gotman, A.C.Evans and E.Meyer,
Functional localization and lateralization of human olfactory
cortex, Nature 360, pp.339-340, 1992.

0 2000.12.310000

gaoo

gooog

Takashi H\maba
goobooooooboooooooboooMEGO
gooo

E-mail:hamada@etl.go.jp
gooboooooobooooooooMeEGOOO
ogd

gooog

Masahiko YamaGuUCHI
goobooooooboooooooboooMEGO
gooo

E-mail:myamagut@etl.go.jp
goobooooooooooMEGUUODDOOO
0

goooo

Kazuhiro Mai
O00o000o00o0obO0oOobooooooooooa
ooo

o 18 M

gooog
Takuya WATAKABE
0000o0oO0o0o0ooDOo0oOOoooOooOoUOOO



