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Comprehensive analysis of variability in psychophysiologic
and cognitive brain activity induced by volatile compounds
emitted from Myrtus communis essential oil

Abstract

In this study, we evaluated the sex-dependent effects of essential oil prepared from myrtle (Myrtus communis) inha-
lation on Fm6, which reflects activity related to working memory, negative emotions, and stress. Before and after myrtle
essential oil inhalation, short version of profile of mood states 2 (POMS2) was used to assess participants and salivary
cortisol concentrations were measured. In addition, Fm6, § wave content, and ECG LF/HF were measured during, before,
and after the visual search task using electroencephalography. Quantitative analysis of the myrtle essential oil presented
to the participants was performed using gas chromatography-mass spectrometry. Inhalation of myrtle essential oil
reduced negative emotions, especially increasing vigor-activity scores in females and decreasing fatigue-inertia scores in
males. Salivary cortisol levels were also decreased following myrtle essential oil exposure. By gas chromatography-mass
spectrometry, air containing myrtle essential oil presented to the participants contained 94.6 pg/m’ a-pinene, 10.3 pg/m’
1,8-cineole, and 37.5 ug/m’ p-limonene. Future studies should examine the sex-dependent differences in the effects of
myrtle essential oil and its constituents on olfactory receptors and brain metabolite levels.

Key words: Myrtus communis, psychophysiologic activity, Fm#, volatile compound
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Procedure Condition

TDU 40°C (0.1 min)-720°C/min-Final temperature
220°C (3 min)
Transfer line to GC 220°C

CIS 100°C (0.05 min)-12°C/s-Final temperature
220°C (10 min)

Carrier gas  He, Flow 1.5 mL/min
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60 mx0.25 mm i.d., 0.25 um)

Oven 60°C (3 min)-20°C/min-150°C (0 min)
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TERIHTE, HHEYIE ¢ IS & Fv TR 2 ER L,
WIS & D R L 7, Mg, B EC T
G Y5 @D o 12 a-pinene (TCL, Tokyo), 1,8-cineole
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a-pinene, 1,8-cineole, p-limonene D357 CTdh -7z,

D3RS OFERIE, -2y L EE LR, &
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MyrtleAir_BA_1 (MyrtleAir_BA_1.D)
2 x10%7
H .
5 3
2.9

2.84

274

26

2.5

244

2.3

2.2

214

24

1.94

1.84

1.74

1.64

154

144

1.34

1.2

1.1

14

0.94

0.8

0.7

0.6

0.54

0.4

0.34

0.2

0.14

n

susurd-o

6.0536

7571 QUAUOWI[-q

J[09UIO-§* |

=]
=

6.00 7.00

BV

8.00 9,00

10.00

Acquisition Time (min)

K7, <=— FuUEHoErRIcE Y HitES koo s n

#2. =—bMksEEY == FUEINCE E N B TR

JR 3 OO TE R AT R

Compounds Concentration (ug/m?)

Air with myrtle oil ~ a-pinene
1,8-cineole

p-limonene

Compounds Concentration (pug/mL)

Myrtle oil a-pinene
1,8-cineole

p-limonene

Pearsons Correlations

DT ERD 80%LL L& ED T2 Z e psbh o7z,
~— PO 2R & D it S i zekiy < —
FVEEINCE N0 5 b, EMahtaa®R
DIEN Z ¥ RS T & 72 3157 (a-pinene, 1,8-cineole,
p-limonene) MEHIHIHIR K2 ITRT, ERD
DIERL L 72 3 ORERIE, Zhzn, HBEGREK
0.996 LA |, 5 e 2 R 2 ERBEHRA [ o i,
COREMRE VT L7z — P VIO 2RI & )
iR S35 @ ¥R I3, a-pinene 94.6 pg/m’,
1,8-cineole 10.3 ug/m’, p-limonene 37.5 pg/m’ Td -
720 T Offild, IFRA (International Fragrance Associa-
tion) DEEAE(E 15 ppm ¥ LI L T150 77D 1L TH
n, EREEOZEIC O CEME R Wi T &
Bo R2ITRLICEY, 2K < — FoviEIC S
N3 3T DWIEE, a-pinene Bk b H {, K
T, p-limonene, 1,8-cineole TH 3 Z Db hr 572,

3.6 EEFHNIEIZIC & 5 1ERAREMT

e, B, Zhics g 3 < — FOukiihERE
B L KB REFOEIEEHE 2 X3 » 5 R8ICZ N
ZHRT,

EHMBE BT, v — FVERHERIEE, S
LF/HF ¢ itk a vV — v oA R 2R IED
HHEIAER D b vtc, %7z, FEH Fmo ¥ BYEH HF ©
MIcHELPREO B OB bhic, I 561,
AE M Fmo ¥ SRR B O 3 A B2 AR E O
IEOMHBEDEE® bz (£3), FHikick i,
W LF/HF ¢k a v F vV — v oICEE 25 IE

%3, BRBINE BT 3 < — PVEINEREM O A4 PR EHER

5 AR A 3%'3%& AR RS
' LF/HF HF anvFJ - Fm6 TRIHEL B
1. &R LF/HF Pearson’s r —
2. EH HF Pearson’s r 0.037 —
3. B avFV—v Pearson’s r 0.825%** —0.163 —
4. FREF Fmo Pearson’s r 0.289 —0.495* 0.238 —
5. LSRR UETS B Pearson'’s r 0.105 —0.684™** 0.358 0.459* —

*p<.05, ** p<.01, *** p<.001

Pearsons Correlations

#4. RBINBICEBT B 2295 v BRS04 PR

R AR A RS AR PR
s LEF/HF HF angFy - Fm6 TRUAHS B
1. AR LF/HF Pearson's r —
2. @ HF Pearson’s r 0.044 —
3. B anvF V- v Pearson’s r —0.048 —0.219 —
4. FREH Fmo Pearson’s r 0.152 0.265 —0.027 —
5. PNERIRIER B Pearson’s r 0.015 —0.243 0.250 0.166 —

* p<.05, ** p<.01, *** p<<.001
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x5 BMCBY B~ — FOVERIER RS 0 LR

Pearsons Correlations

8 AR R PR AR ARER%
= LE/HF HF aNF = Fm6 RIS B
1. 348 LF/HF Pearson’s r —
2. iR HF Pearson’s r 0.307
3. B avF Y — v Pearson’s r 0.901*** 0.189 —
4, FEH Fmo Pearson’s r 0.442 0.071 0.392 —
5. AEHRTRUHTS B Pearson’s r 0.039 0.059 0.140 0.010 —
* p<.05, ** p< .01, *** p<C.001
#£6. BHICBY 2 2295 v BRSO EBEEEAHRY
Pearsons Correlations
R A A A% A NS
= LF/HF HF aANFV—v Fm6 TR B
1. 8 LF/HF Pearson’s r —
2. AR HF Pearson’s r 0.056
3. @B avF I —v Pearson’s r —0.558 —0.198 —
4. FREH Fmo Pearson’s r 0.096 0.022 —0.269 —
5. AREBTRIANS B Pearson's r —0.064 —0.388 0.348 0.090 —
* p<.05, ** p< .01, *** p<.001
£7. LHICET B < — FVEEIIE RS O B REAH B
Pearsons Correlations
5 ARREr A RS ARREr R
i LF/HF HF anFy—v Fm6 RIS B
1. & rH LF/HF Pearson’s r —
2. @ HF Pearson’s r —0.319 —
3. B avFV—v Pearson’s r 0.691%* —0.379 —
4, FREH Fmo Pearson’s r —0.260 —0.610 —0.097 —
5. IETRIRUAAL B Pearson’s r 0.412 —0.899%** 0.601 0.588 —
* p<.05, ** p<.01, *** p<.001
%8, MIcB T2 22 v 5 v IR O IR
Pearsons Correlations
=8 AR AR RS AR %
- LE/HF HF anF V= Fm6 TREHHS B
1. & rh LF/HF Pearson’s r —
2. FErf HF Pearson’s r 0.161 —
3. B avFV—v Pearson’s r 0.262 —0.183 —
4, FRET Fmo Pearson’s r 0.193 0.425 0.205 —
5. FRETRIRETL B Pearson’s r 0.099 —0.136 0.069 0.294 —

* p<.05, ** p< 01, *** p< 001

W

DD & 25588 btz (K5), ZIEICBVTE, #
A LF/HF ¥ 3R #% aovF v — v o I B s hfe
EOIEDMHBEDERD b N, FREBBRETRE v i
HF OoicHE B OFEDEED b i (7).

SN, 22 v 5 Y EoRRREesing, B, &
oV T L AR OR ZE IS b
nigmoitz (K4, 6, 8),

4, & =

AWFETIE, < — FvkiH%G o, OPOMSIC &

2 G2, @DOERIC & 2 AR ZL, @Mk
HavFy — VBRI & 2 BUR-RIBE RO 2 b L2 ZL,
@RIIIE I & 2 FRHEEEN OB DO W THRET L 72,
ZOFER, <— kB £ 2 OPOMSIC & 2 Letic
BURAMNE 2T T 4 TZT DK F B & OTER-TE
O FF e BB 2 EOBR R S, @M
W avsy — il & 2 HIKE-RIE R 0B L 22N
2 R L 2D OMEAD RS, SHIC@OFMICET
% ARl 222 b 2 IS RETS B) Fmo O T THE ¥ L2 1EIC B 1
% R AE % O I O BERMEH 238 7 R S v,
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72, @GC-MSIZ&Y, BhFICERSNIz~— v
WO D H1ZIE, a-pinene, 1,8-cineole, p-limonene
BEAL, ZNZNOWREIE 4.6 ug/m’, 10.3 pg/m’,
375ug/m’ THY, a-pinene kb ZTHEDELL, 5
OFFE TR S NIz b b~ OLEEBNZ L~ DS
DRI S 7z 3, 1,8-cineole ¥ p-limonene D5 ¥ #
OEEIERIC & 2 A[REMES R S Nz, @B H I
AP O MBI £ D, < — FovkSIE RO
& PRSI O B HPRR S 2 & i AR 23S B 7
TEwh, < — bUkE b OFEFREPER S & D SE 0
DB PPEINZA SR E S e 2 e STERE T 3 72,
a-pinene l¥, Fik /¥, 2AFLYOHEMICE £
NEZEORITTHY, BIEAMREROIEIEEZEL,
P R B S 2 AR DB L 2 b L 2 ORI
Bhiz v Ss T 3 Y, 1,8-cineoleld, Hif<
Ny IR B/ YR TH Y, EES oM L
LEEEE 1O TR H % 'Y, p-limonene 13
HROBFORDTHY, EHRUHAES %2 —Krcm b
32 2 e LEHRTHE T o Rl RERRE S 1)
hueBrzcepsmGEshces ™Y, choolr
b, FERINIALMICBY 2BAMNEXxTT 147
KO FEEREN D FAE, < — Povkiie g
¥ % a-pinene, 1,8-cineole, p-limonene O #HY72 {E
AThzZerBEZLNE, ILICHEICET 207
DAEJ#IZ a-pinene 12 & BTEHTH 2 Z v 3R SN 2,
FRDZ b U RROSIE, EEMFER, NOWR,
FERD 3O OEARETRPHENEH L Tv 3, B
FERIZ, SRR ¢ RISMIRE TR S T B D, 2
MU ZIKEERCIRIBEHE L D A T a—v 7 2 V35
W S N IEAIRETEEN A3 HE N U B S E TR EN A3 N
%o WUC, PUFHRAEIH I SEMRE TR SR L, &l
SIEAHETREN SIS 2 0 AWIZETIE, SEAPHETEE)
fAtE ¥ 72 2 LF/HF, RISSEMREETHEIE 72 2 HE I
S o THEMREEI OZ(L 27l L, 36 ICHIBRE
ORI 2T R FAveEryThHY, KIZE,
O ZEREATRE T & 2 MR 2 v F ) — v OFRHUC
EoT, RHREDZ R L REFML 72,
SEOFERTIE, OEXR-RERHIC & 2 B H MR
RA U RIREETH % LF/HF 3 < — Fovkiilioks]
W&o THBRZ T ol —F, MRavFY —
WVIREIZ < — FVREIIO TG N & > THRICEK R %
A A 5417, Tsunetsugu & (2010) 13 a-pinene 12
& 2 MR HE A 2 KT 3¢ 2 S e 2 L
T3 ", Tkei & (2016) 3 a-pinene DWEF (53, LVFEX
HF 89 — o e D o 2 24 2 2 ¢ &8
5L T35, LFHFICB L CidaEAZ by ]

VLTV RYY, ThALD I h D, SEOC— L
I BERAERD 2~ U 2GS EY 52 b o1 2
EHEZLNDE, —T, 4L Y (Citrus sinensis) DRI
Tyt vy e vt A v (FRS) limonene 92%, myrcene
3%, % DOfthd 5%3 a-pinene, p-pinene, p-cymene,
linalool ¥ geraniol) \3ME{E T a2 v F ) — v A & &
B0, coZers, SEELR
fo— FOVKRIING & 2MER 2V F Y — VO FIC S
N2WNRIWHRA L 2D p-limonene 12 & » T3]
SEISNARELEZONDS, B8, APLVAK
IS B B RFERIS, FIRER, NIR DB 258 <
213 %0 AL RS N MEEA-EIEER (hypo-
thalamiic-pituitary-adrenocortical axis: HPA ) % %
PAEL, BIBRE S Zovaandads Fonmeld
T 22, 2L 2DELES, PvaanFag
RIE2H T4 77 14— RNy 28RS &0 703l
SN, ALK L GEREIB)ISAHEZ 720 & 51
HEiE Nz, ElROR»TH, FcwEsrn s
) ¥ NKAHIfEAS 2 b Lz e OBEESHEShTw
%o M, HERA L AFREEEHIIL Twgnags,
SGRIEBA NV AOGE LWL 5 LTI NG OfERED
GOTHE T 2B HDECHE R 5,

MICBIL Tid, FmO B EHREY —F v ' X E Vg
BHrrrbd leBninE TORBINTEY, SH
EHEIECB VT MO TS 2 2 e pRS Ntz AN
FED < — FVEEIO GC-MS 2 HT OFSIR, FHM DT
H2E /) TIVYTH 5 a-pinene, 1,8-cineole L <
{3 D-limonene 35, 7% ¥ b —EF, BANEEANEEIO T
HEICHF G LI ATREME S /R S 7z, a-pinene \ZBY L C
3, RURABLITT Y FOEERD» S, GABA«2 XA
ANOT7T=2 b LTURS %S AlREMEp TR S hTw
Bz, S0 — PRSI ¢ L CERHIEHEE
PHEEITESEIAREE L D b, 1,8-cineole b L £ 13
p-limonene 7% FmO i D AIZE 5 L T 2 ATREME S
Vo IHIC, IEFOWMET, milmE TR T —h
VRS e R L 25 a, RANETEIEE R — v
(DBD) @ 227 »58G# L 72617238 D 1,8-cineole D5
DBEZLNTWE Y, LoT, SHlo<— kukkih
W& 2 Fmo G AR OIIEICE, Db il
1,8-cineole DFH G EZ b b, —HEIMICEBIT 2P
BEEHROILTICIE, a-pinene 231EH L 72 ATREMEDS &
%, %1413 a-pinene, 1,8-cineole, p-limonene HifA T
O, FmOREI~DEFLGEWGT 2088 03H 5 5

A RERRE O MBI ORER, ke, &R
1 LE/HF € 3% v — v ORICH R 258y
EDOHB D AHEED b1, KPEcEVTE, MAT,
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AR PR YATR B ¥ AR HE O B A R iRV B O
Moo ol (£7D. 2o rhrs, BcswT
W&, < — bOUKSTASERE N > & UL A T
RRANOLF L HET 2 A[REMES H D, LIEICB VT
13— FOVIEIING NS O B R ¢ BT O K
MHEROZENAFH T 2 AlREMEA R S fc, S 61U
BT b7 FmoIC & 3 < — FovkE il o ke
TUEMFRE, WIhofEEe L ool e
5, R~ OIER € 135 7% 2 W5 OIFEED R
I, LEoRRELY, < — FovkFlios RN & -
T, HERER ¢ PIRRESRIC 2 2 27 TIERI T 2
ATREME & SIS T 2 MBS D B o
SEIOZETIE, < — FVKEIE D K ORE N &b,
JENG ¢ I o2 bicxf L, Bl o2 R L 7
POMS (281 2 i EIGNZAL T, ZPHics TGNz
2T 4 TEIPME T LIRS G s B L —7 T,
PHETIIIEHROME FaRS NIz, &1, BicsnT
&, U—F v X VIEH) R KT 2 FmOE ARG B
DOAHTIUEL, WHETIEHLEETEROETICLE AL
2ZDPWPRE STz, Tho OFERD S, < — bkl
T B TUIEICR P L 2DRINCH S L, B
BV TIEEH O IFHERERRTE %> Z OVEER ORI
OIWMNAEFL T3 2 e RSB, EWANIER]
V0 U TR AE B2 RN R 2 3RS 2 ATRETE AR S
Nnice 5#%iE, <~ — bViEilE & Fa-pinene, 1,8-cineole,
p-limonene Z N ZND R D IEAENC G 2 2 52 8AZ D0
THEZAAE & ORI L CEAHIRERA~OIF
e ot i3 22 ROR~NOMBERGET 2 2 ¥
T, b MIGZ 37— MUHIOZR 2 A~ O HIK &
EORDLILIHLPICTIBZ L EZ B,

5. %% B

< — PUKSIO WG NS & D, BT a1 7%
2AT 4 75T O R BB 25T DO,
BB 2L h b 2 IMFSAETS B Fmo O THE ¢
IS BT 2 REZR OO #EE, MER T a0 Fy —v
I & 2 BUR-BIB R OEEII R b L 2 DI DR
I Niz, GC-MSAHTC & b BhEIC RS NI ER
Ji%53 {213 a-pinene 94.6 pg/m’, 1,8-cineole 10.3 pg/m’,
p-limonene 37.5 pg/m’ #EH T 3 Z ¥ AURI NI,

< — FUVIEINC B § % a-pinene 5 & Fa-pinene,
1,8-cineole, D-limonene D&M IR & 2
74 TN DR, RGO ERB & OHEITIED
PR EFE SN, &7, p-limoneneld a2 )vF vV —
WVIBEO 2L, EHPHA P L 22K NS ET
CEZOND, MNGCEEIIOITEC & 2 FmoiE

HER O KL 1,8-cineole 12 & - THiGR & v 7z il REME
HY, < — FVEIIIMNERRIRRE © ST S 2 5 7]
BEMED RSNz, 7o~ — MoulioWE W, ki
FA NV ARBSEH 2R D, BRI L TREERO
MRHERED BTS2 7R L S OIS HHBIRIT T MR & v o 2
2 VEFBF RS NIc 2 ¥ Db, v — VRS
PERNCRT L CTRZ 2EHEF 2 Fi> 2 e iRk s
2o 51413, = — FVHEIHE & Fa-pinene, 1,8-cineole,
p-limonene ® Z NZFNHMEFICE 2 2B OV T,
MRS L OIMNARE S & AR R ZhENn
DU OVTOMGEEE BT 2T, e hichz 3
<= VRSO E L S LML LIS TE 2 EH R B,

&!n

i3

DFIAEFISRER 2 S\ 72 720 7 N RS R E R 2
WHE B AR B R B B IR R 29 R 7 7 = v 2 &2y
7 - HINERK, Hfisieg - s E TG 7
LEd. FHEHCH ) FERERE MBI 2707
FUNKEAR AR R AT e R R P BR B R R A 2T =8
TOZANVAR Y T EREEEICEHCTL 29,
AL, DESHEEEAEA T 0 < BB S - 2022 4F
JERFT B BRI & 2 IFZeBhp 2 324, SEffiv7z L
L7
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D OWADHREETIHE S P T 25 <, Aro-

(E 5]

ARHIZETIE, < — FIVISIHIOWLE |55 Profile of Mood States2 (POMS2) 12 & 2 IEEZ LY 2 F L 2B L UMANT —F 2 X EY
T2 WS 2 FmOIC 5 2 2 B R MBRRIICHER LTc, &72, ZOBOMIAPREI L, <— FUKHoONS % T, POMS2

TR € e 2 ov I — VB R TIE L 72, 3 618, HNRERENED ¢ 2 Ok O Fmolk - pIEH % ¢ LEX LF/HF 2
E LT, GC-MSIZE D BMFICE/RL Iz~ — MUVRSIMOER D 21710720 < — FVESIIONS S & D 22T i3 POMS 15 R 0K
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