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R, BokE L L Ll E CIIEFEFRA Y ROT —a2 vy = — X EAEKE
AW BHESED, MefRBEEREO—2 L L THWOLNTWD[L], 20 L5 Emix, 7
FEEZIC L DB TIE R BB E LR WVEERFEL TWDE I EEREBEL TS,
H A Gy SR PSR & B ORIV S L, EWICHIZE LA D L) Icfibh T
U BRI, ERTOMHRRIZEL Y Z DMARELN TN D, fi
ZIE, AREBETFHGITERCEBRAIREXNRE LIZEFAGFTHLR, ZORMAICE 2508 A
FINR AR O BEAIROLGE R ER STV D[2),

HARTAERKE LTHOWOND R OEEEITEY MR TH D, ZbIZiTEmae£<
FLHLORHY | BOKTITREMOIZIBWEFIH L TBIRNOALE R EO T - 1BRED S
THFFEDHAERBFEREE LT UX LTRSS [3], AEBETIEAR Lol
BWIHERAR D EEZEZ2NTEY, XU —KEHPHFATHWSONS, TN F—F
W, BEORZEOFERSTHD ) o —/WIEEE LT RGH THWHILD1ENNT, 3
HIER & LTI - iR, A NV AEZRET 21ERANH 5 & S TE Y [4-7],
BATAT 4= a il FREERALG THHEDITNDS, 9], 7 ¥ —Fl, U
0= LOMICEEHERAZ AT 268 E LT, IBBEONMBAERFICEENDL X INT
T R UREERE R ENE SN TEBYI0,11], BEATIEINLDFEV XY 77— g v
R EEHMCESRE LTRSS TW S,

TRL—REMRR Y T e — VT ER 2R A ZAUE GABAN ZAKOFIZIN Z
[12], A RV RAEBEMTHZLICEVIEMZRL TS ETREINTND[4], XU TE
F o RFE— N7 EG 4, 10|EFHEEEZ AT 5 2 ERMEIN T DD, TOIERKFIZE
T DHEE I Z 2B 70,

IO OEFEROFMICIB N TEA—T > 7 ¢ —V RIEIC K 2 FIERHL S TEY
[13]. & Z Tl 1 B ofs B R EE & 2 S EHOFEIE L LT s, 612, ZHichnx T,
B RABSCERNS FREOEET =4 —F 5H T, HEEFEMEO T EAFEMNLA 7T HE
EEZ B,

PEERZ7RT ) T r— 22 GHE 7 =0 AREM[14]°F% 7 B A RE[15]% A#
HEE77y hORKFET, a4 4 A7 /) 2/LF 2 (POMC) mRNA & #fE~7F K'Y
(NPY) mRNA OFBEN, ZNHEZRASETWHRNT v b TOBIEFREE S LT
BEREACER LI ERRE SN TVDIL6, 17, 25 ORER Tl Sz O3B R
BEHTHY . HETEHTO POMC 1Z7 0ty v 7 S a-A T = Mlaflis L€
(o-MSH) & 72 B EREOREHIZ, NPY [IEBEREFHICHFET2EFERMON TV H[18],
HIZ, BURTHCTO NPY [FEFHERICH T2 2 L bR INTWD[19], F7z, HEFHE
a2l 2 0EECTH L AREFREIZA P L AAMICEIVENT A2 ENMLNTE
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V[20]. ZHICBEET HRFE LT, RIBRENDAWESNOFEE a/LF aA F(e F Tl
aALF V=, BEETIEaAFaRT oY) 2110, FORMEKRALE L Th 5 RIS
WARNE RS DH[22], BB ERLALVE T FTERIRICBWT POMC N7 rt®y 7%
ZAFT=_TF R THY, LN > TFEARTO POMC mRNA BEHEN A ML ADIFELE L
THHTX 2 alRetEn d 5, T hul, POMC mRNA 1 L UYNPY mRNA OFE Tl L OVF
AR TOFRBLEZ ETHIZEFERACE OMIEHEER 25632 2 &3 TX 5 alpetEn
»Hb,

AW TIL, BEITECHEBERICED S & SNAHE FTEe. A bV AKIGICEE 54
% & EN D FEAKRTOD POMC mRNA, 72 5 NI NPY mRNA O3B 2 AW THEEFEMEAL
EMOWAFEGIZ L HEBEAZFML, ZTOEAA =X LIZONTELRT L LA
[CTR



FoE NUUATE R ORARGIZ L SEREEERIZOWT

B XU TE M rOWAEGIZ KD EBEEREER

&

P EPREE 74X 10° mg/lL DD T kb i EHEFMHLEMOW ARG X 5 HEEE
M3 X O OMOIEBEH OB FIC L 25HiEE LT U AR MR Z 2T FIZAH
B X [EN D BREEIC VT 1 IR G- 21TV, & OBMEN TH 2 Z2ATEIC A F L AKX
JEZ B AR T « FRASRAMRED S O total RNA fliHi 21772, total RNA ZF|J L
THHRE 21TV, cDNA Z A L7z, 2@ cDNA & W THUR TH8 - TERIKEAHME o7
BAEA AT ) a/LF 2 (POMC) mRNA, #fE~7F K'Y (NPY) mRNA OFBLE % 24k
ZHWIZ U 7L A 5 PCR THA L72[16], #5HE 74X 10  mg/L DR DT bk
ZOMERMEARTHD -7 2= 2-T % ) VBB AR Lo B EI R A i 5 &
NRUVATE M oEEHETEa Y b — ARG EICHFEER EME T LTV 5 A5,
1-7 == V2-7 5 ) UEEREOAREREIXa Y ba— VRO BREB R & SN R
LS I TV B[10],

AIFFNZBN T, HFEMACEDOWAE GAZIEH T A — (BT 30 cm, 1§ 60 cm, & S
34cm; FFE61.2L) MW=, WAEZEG AL LT, r—Y EfIC 7 = b U =F )L T
i, TR U= EFAEAYOBIM AT T LZAMERST L, 7 AR TEL LIZ&ICHR
JE#CT 60 RIS EMALAMORK E T ST, ZO7r—YRIC~Y T A& RA LG EEL
HBW % 60 R L SET72[10], 60 3 OWMAEERZ, HLNT~ ¥ R Z Wil L CTHIR
TES e FEAIEAFAEZ W U IR 2 O TR RE L72[16], Bk L 721 7> 5 total RNA
R L, WA G KD cDNA ZAER L7z, fERK L7z ¢cDNA Z W T U 7V & A L PCR &
HEHE L, 27 E TR T ©© POMC mRNA 3 X UVNPY mRNA B84 =0 b — LREC
LTI ER LTZ, BBl LT, _RUPAT B R BEIR -7 2= 2-T % )
RO TEEFRRORSZITo7-, 1. XUIATERNS, -T2 V2T X ),
VT ATNATE R, TFAREY 6-ATF NS AT T2 A Vla— XX
TUT b R LUK N T POMC mRNA HBUEEERARH 2 LGS TnbHET =
v LFEI[16]% AV THE FEE T POMC mRNA 3 X OXNPY mRNA BB &4 22 ho—/L
BRI L CHRIICER L, 2RO B/MELEM OB REREFERICOW TR LZ, KE
Thrat L7e b B o1 57415 13 Figure 1 12”7,

BEITHFHMICA 7V —=v 7ikE UTARIFR CIIERITHRB 2 E Lz, ERITH
RER L 1L, MR~ TR =TT 4=V RTO 60 53 OWMALLE- 24T\, Z D% 4 I
TORETHOEIE THNT HFIETH L, BETHRBRICBWTHELOSWEN LT
F RA/EL 71V (0.3 nmol/mouse) &~ 7 AZJEIERNE 5T 5 &, 2 he— Lt it
i L C 4 B COBRBNARICEINT S 2 En5[23], LU B EROEREZIFIEIC
L CEAIERREZM L, £ L 3B e LTs vy,



AT, EBEITEEARICHAARGH 24 M E 259l L, BFELI-fEEZ 527
BAFMNCTOMEREAEREL LZ[16], YLD X oI L Tl REEORFN THW L
EWEi R~ T ARG ST 5E5 OB BIREEH ORI T 21T 72,

ARETIL, K TETO POMC mRNA 3 KON NPY mRNA OFBE, HEMHLAMIC X
HEEHEER. F-2N 0108 EBE2 5 2 5B L OHEECEYOIEREALIZ W T
w35,

Figure 1. Compounds tested in Chapter 1.

1. benzylacetone 2. trans-cinnamaldehyde 3. 1-phenyl-2-butanone 4. butylbenzene

5. 6-methyl-5-hepten-2-one 6. benzaldehyde 7. (R)-linalool.

Compounds and essential oil enclosed in dotted rectangles are showed locomotor-reducing
(sedative) effects. Other compounds have no locomotor-reducing effects or are unknown.

1. RUUATE RO AEE R~ 20 POMC 3 LT NPY @ mRNA OFEHC
5.2 e

PEEREMEIC B L BN R FRBEOEIC OV THRETT 5720, H5RE 74X10°
mg/L TEFHEHZRT XU UATE M BROEFEHZ RIS RWI1-T 2= L2-7 % )
V10]Z ENENBRAR L SE5E6 0O~ 7 AOHR T - TRIKESHEMKETO, A L2
TIVE THLOIREE 2NLVTF a4 Fow-eE amsiiE IR 59 %5 POMC mRNA FHLE 4 |
2MCEZ WY TV A A A PCR T, 3y b — VBRI U CRIRT RIS E BTl L 7=,

PEEER 27T 7.4x10° mg/L DB EGIEE TR DL T F BB ARG LT~ T A
RTED + PR AR TO POMC mRNA BRI, MR TH D7 =ik b ) =F L
DHE T Lizay b a— A BED 45% Tdh - 7-(p<0.05, Figure 2), LA L, SAFEMA 2
CHREDH D TA4X10  mg/L DFGIEET1-7 = =/L-2-7 % ) V[10]ZWMAFKE L=~ 7 A
O THES « FEAEAHEETO POMC mRNA B &1L, 2> hr— gl i L TZo
55% T o7z, (p<0.05, Figure 2), Z OFFRIT, FLAMNEIEMORICED LT, %
AT K0 R T - FERAR AL T POMC mRNA FEBLE A M L7- 2 & 2R L
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ZOERRA B U RZEE L2 FEATORBEEME 2, BRITHICEE L/ TEART
DIEHIMEN D E MR 5720, FHEIRD POMC mRNA BEHEICHBOH D A L AWK
= T~ U AIZANT LTk, WA S-% 940 L T POMC mRNA ZEEBL&IZEN H
LHHE LT2[24], A ML RARTBO Iy ba—L R, RUUALT R RO ERE, -7 2=
N2-T B ) P HEETO POMC mRNA OFEBLE T, A N L AZ AR LTV b
H—/L~ U A TORBELEEL U THSMERLZEML7Z, £O/RE, A ML AAM2
¥ b r—/LHETO POMC mRNA B EIIFHA P L RAM 2 b r— L TOH D & ENRR
Molz, ARMVRAEBARULERVDALT B P VGRS -7 2= L2-7 % ) VEERETYH
A R L AEAR L TR0~ 7 A L% O POMC mRNA FE & O T 23R X A7 (Figure
2)y ARLRAFRaY b —LEEL R L RIFARTa L b a—/LEET POMC mRNA JEH&
\ZEZWRDoT=Z e, RUVUALTE RN CBIYN -7 2= 02-T7 X% ) O AFREIZX
% POMC mRNA HEBOE FiL, FTEAEATIEIRSHEETEICBIT b0 TH S LHEHI S
524, ZDOZEnDBH, 2O POMC mRNA BEEOK FIA M RIZEE L7 O TIEAR
<, BRITHCEELZLOTH D AHREENE W EE 2 Hve[16, 17],
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Figure 2. Relative mRNA expression after inhalation of benzylacetone and 1-phenyl-2-butanone

in stressed/unstressed mice.

Data are expressed as the mean = SEM for 5 mice. Blanc bars are the data of unstressed mice, dot
bars are those of stressed mice. Benzylacetone and 1-phenly-2-butanone were diluted with triethyl
citrate, and their concentration was 7.4x10° mg/L.The statistical analysis was performed using
Student’s #-test and one-way analysis of variance (ANOVA) followed by Dunnett’s test. * p < 0.05
vs. the unstressed control group, ## p < 0.01 vs. the unstressed control group.

BHETFEIZEBIT D POMC X, a7 SNz oA 7 = g AR L E > (o
MSH) & 720 | fEREGRIEA 27~ 97[25], o-MSH DOREIEFMATH 5 POMC @ mRNA DFEH &



MW LT D O TEEITEINMEE I 2 FEEMEN & 523, POMC ORBLED A TITER
ITEROIRET O TNDNE I AW T 2 DIEHE LV, 2D, UK T CEET
B2 RHET 57 F K NPY[26]D mRNA FEBL&E L AGOETHET L LT, XUUALTE
k78 EOWALEEIZ X0 ERITEIAMERE S D 0 & et Lic, Figure 1| TR Lo B &AL
AR LORERO > b, HEEEEOH DX VLTE Ry, RUXTATE R, UFr—
N, BT =0 MFEMITESEIEN O H HIRE T, TOMDR DT & b ATHEENEEIL
T T AT AT R, -7 2= V2-TH ) 6- AT I5-~T 7 2 2-F 2 (Figure 1)IE~
YIULTE R LR 74x10° mg/L O GHRETHARG L, 1 BEORAEGH O~ T
A DR T ER % VT POMC mRNA 3 X TOYNPY mRNA O =2 > b 12—/ VEEIZ %95 A k5
BREZ R LT,

HEMALE Y & IR~ 7 ARSI 2 WA S W72 OBR T2 R 1T 5 NPY mRNA 55 &
Y POMC mRNA O3 &% Figure 3 1R L2, XU UNTE M 1-T 2= )V2-TH )
T AT NT e FEGHET NPY mRNA ORBLENAEICHML7Z, —J, POMC mRNA
FWTHOBETHRMER N R SN 2B FERBDITR N nole, XUV LTE
DIIVIR=VIERH R LT 7 F B U (Figure 1, (LAY )07 = = VIR A VT T =1
FICEB SN 6- A F)V-5-~T T L 2-F4 (Figure 1, (LAY 5)ZWMA LT~ ZADEET
#C POMC mRNA, NPY mRNA #El &L, a2 br— LI CTORIE L KL THER
TAbE R E 2o =D T(Figure 3), XA T R0 1-T 2= )V2-TH ) v A
7 V7 & R(Figure 1, (LAY 1-3)TD NPY mRNA BEHEOHIMIZIZIZHSD T = = /LIS
TNVR = VENEERERETCHLARERNSH S, £/2, VIr—n X0 X7 VT e R
(Figure 1, {t&% 6, YD X 5 72 8aFHER O & 2L 5%, BEFHER 2 R T8GR T AR
5524707256, R T COBBFREAREITa L e — A TORAR LKL THE
72 A B R & 7y o T-(Figure 3), & 512, Choi HIZX VBT =0 MKEMITWAKREHRICT
v N OFRTHETO POMC mRNA FEELENHIINT 5 & s S TW 5 03[16], ABFFETO
BT =0 LMFHR AL O~ T AR FEIZI 1T 5 POMC mRNA 72 5 TNZ NPY mRNA %
BEFTY e —LoRG LRIy he— L CTOREBFRER L AEREERS]R
7~ 7o (Figure 3),

YT =0 LM OW AR 512 L 5 POMC mRNA 5 D ZEL A% Choi B DFE R & AHFFED
FRTRRD DI, AFEITEFEN 2R TRERE T U RIZRARSE L, B3
ZBIEE LTZDIZxE L, Choi b DOBFZE TITEFEMN 2/~ TR E L D 1000 F5iR VW RG]
ERTRGIRETT v MIRAEL L, BEFHREZBE L TR [16], HSREICEND
by ZD7, W A#EH% D POMC mRNA OB BN > - /GRS 5,

RNV TE N 1-T 2=V 2T R ) o FATATFTE RERA LY ADM
R FENZE 1T 5D NPY mRNA FRHENHIN L TEH Y, POMC mRNA FEHENBAEAIZH 5
ZEMND, INHOEBLITERITE., RRCEREEOHEIICEENSH D EHEHI LT,



2. RUUNLTE B OWARGIC X HEREEER

HEMACEY., BHEEELERDO~ T ATBRASEDL L, ar br— L i LT
NPY mRNA RE &A= b — LR L i U CEBAICHM L7227 b -7 =
SN2-TH ) T AT AT RESGHTIEEEENARICHMLTEY, 2 b
—WBEDLZE 1215 L 7257z, (Figure 4)
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Figure 3. Gene expression by inhalation of fragrant compounds in unfasted mice.
a7.4x10°mg/L,b7.4x10 " mglL,c7.4x 10 mg/L. Control: triethyl citrate inhalation. Data are
expressed as mean + SEM (n = 8 mice). Statistical analysis was performed using one-way analysis
of variance (ANOVA) followed by Dunnett’s test. **p < 0.01 vs. control group.
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Figure 4. Appetite enhancement in fasted mice by inhalation of fragrant compounds.
a74x10°mgL, b 74 x 107 mgL, ¢ 7.4 x 10 mg/L. Vehicle: saline injected i. p.; positive
control: ghrelin; control: triethyl citrate inhalation. Data are expressed as mean £ SEM (n = 8 mice).
Statistical analysis was performed using subsequent 7-test with Bonferroni correction for multiple
comparisons and one-way analysis of variance (ANOVA) followed by Dunnett’s test. *p < 0.05 and
**p < 0.01 vs. control group; ## p < 0.01 vs. vehicle group.
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LTEASENFRICHMLE, £72. XUUATR R, -T2 V2-T R v o)
LATIVT e RIEABRGHOBEREII VY VEERNESHOBAR LKL TERLTH
1.09 f%. 1.06 f%. 1.07 {5 T& - 7= (Figure 4),

—J7. FEMEEY EZRAERE#Z DO~ U ZADOHIK TEIZIE T 2 NPY mRNA OFEHL &) =
bhu—UBEL R L TR SN o LA T, BARL v br—L L ik
L CHEIZHEML TWiho 7= (Figure 4), IO DOHENL, FEMECAEMEZRAEZRGZD
~ U ADHR FENIZI T 5 NPY mRNA FB &L, B5 738 E2 O 7o B ieEEH O R
WCHIHTE S LB 2615,



B XU T R OEBRIEEERICRT RG], BGIRE DR
1L A B 5-REf] & B AR EEA

7y U (Alpinia zerumbet, = U I EHRGIHOW AL 5T K 2 HUAZAERE G- Rk A7
FINCAER R EEIRT 5 & it STV D[26], NPT & R AT ARG L0 BEEREE
HERLIEDT, 7y MURHOWRABRGIC L DR ZER & RIERIC & 5-RERKAFR 72/
MTHDHZENTFHREND, 22T, XUIATE FrE 74x10° mg/L O 5HEE TR
BH5T OO GRHAZZIE, ZORICENIEBEE~DEEZMAE LT,

7.4X10° mg/L DR GPE TR VLT ¥ brrZ 1545, 304y, 60 HEMA S~ %
TiE=y br— LB L i L CHEREBEREEOMMABE SRR, vk 5 sHRAS
T~ U A TIHEREOE B REINIMER Sed - 7= (Figure 5), &5 RH & B REEORM
RizEnEnary b — A BEOBEREED 1.032 (5 47). 1.158 (15 43).  1.203 (30 43). 1.241 (60
57) fECH Y MARRHINR < 2 2 I CHERAEERDSEMT 27230 5 2 & 3R Sz,
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Figure 5. Appetite enhancement in mice treated with different duration of benzylacetone inhalation.
Control: triethyl citrate inhalation. 7.4x10° mg/L of benzylacetone were inhaled by mice in treated
groups. Data are expressed asthe mean = SEM for 8 mice. The statistical analysis was performed
using one-way ANOVA followed by Dunnett’s test. **¥p < 0.01 vs. the control group.
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FEME 72T A E LS OB A E% O B R EB & IIHRGIREDOEVZLVELT HF
WHESHTVWA[0, 11], NPT b OB AIEEER b RO AR 5EICE D b
DTHHND, FHRBEOENMNIIVEREENET I2EFRTHENDS, £IT, XYV
T D60 SEIRAR G T HBROREREAZL ST, TORICERRICEN D ZE
A LT,

NUVLTE b OFEREE 74x10° mg/L 5 7.4x10* mg/L OFPITHA S -~ 7 %
TIIABEREREOMINNHER S, —77, 7.4x107 mg/L, 7.4x10”° mg/L, 7.4x107 mg/L,
KX 7.4x10° mg/L DR PAT R EWASE T A TIEAE R EAEORIIMHR
SEhniotz, BHIEE 74x10° mg/L TOPRLZE—7 L LTEALD EWVE LI
W TR R e ER S HER S, @ W TR E R B R &N R
L. RWERE TR ERFICE R &SI L 7= (Figure 6),
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Figure 6. Appetite enhancement in mice treated with several applied amounts of benzylacetone.

Control: triethyl citrate inhalation. Data are expressed as the mean £ SEM for 8 mice. The statistical
analysis was performed using one-way ANOVA followed by Dunnett’s test. *p < 0.05, **p < 0.01 vs.
the control group.
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7y b RGO AR5 CRARER (B EL 725 EPIRZIERMNEET 5 2 &35
NTWB[26], A 1. TRV T & b ORAEL Tl G R R 72 B R EOHE IO
BB SN, KHHfi 2. TOEMEEDRU VLT ® b % 60 BB A#E L=, 1E
HOBHNBEES N TS, 7y b7l TORREMES DR ZER 258 ST 5
L LA, 208 RIT. NUUAT R R ORAFREITINTHR G & G REE N E
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WL LA =X 020 L TEEREEN 2R EE T D aEEZ R L TV D,
Z 2T, BEFRHE LR EREOHAEEIZL VIERANET 20 & /ET L,

NRUVNT b ORAEEGITBNT, A2 TIERO 25572 7.4x107 mg/L OF 5
JEB L OARE L. CER DR o725 S EHAGDE, T7/2b5 7.4x10° mg/L DR Vb
T ESSERA LI~ AOEREIL 74310 mg/L DR P T b E 60 43
A G L=~ 7 208 A L A% Th - - (Figure 7), & HIZ, 7.4x107 mg/L O HE TN
YOAT R E SRS L & OB R R 7.4x10° mg/L OFHET 5 MR A S
BELEDOLDLN DR LoTWE, 2O LD, 74x10° mg/L DRIV T ¥ b
545 A SH-BE, 74x10° mg/lL DRUPUAT® b oE 60 SRR SE-BE L RR
DAL S MERBAI AN & 5 2 7o L HERI S D,
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Figure 7. Appetite-enhancement in mice inhaled 7.4x10™ mg/L of benzylacetone for 5 minutes.

Control: triethyl citrate inhalation. The statistical analysis was performed using Student’s #-test and
one-way ANOVA followed by Dunnett’s test. *p < 0.05, **p < 0.01 vs. the control group.



4. fERFBICNTZD A 1 = X LD

TERRRISICEE L CHBEMALBE Y OITINC 5 2 2 B0 A =X A, Bl 21237 0%
SRWEIENT 200, FTIFMRZAERORM L2 b0, BEBINTWD[27, 16], =
NS IFMRZRROMREEIC L 0 IEER LD Z & bME LT 5, EREEROIERR
a0, XUULTR hrEa—r A A VTHRL 1,0.1,0.01 pgkg O 58T
24 BEffe R~ U ACHERENE S LTS R WThoR 5 & TH a— o4 A VEHREE 203 e
7o 7= (Figure 8), Z OFEF., BRIBREMERILMF BT LIALEBWOERIZ X 5 rEEMEME
WA TR L TERY , BSERERRIZ L0 RBL L T2 rTREMED @V & HERI L 72,
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Vehicle 1 pg/kg ip. 0.1 pglkg i.p.0.01 pg/kg lp
(Corn 0Oil) L

Benzylacetone

Figure 8. Appetite-enhancing effects of benzylacetone administered via intraperitoneal injection in

fasted mice.

Data are expressed as mean + SEM (n = 8 mice). Statistical analysis was performed using
subsequent #-test with Bonferroni correction for multiple comparisons and one-way ANOVA
followed by Dunnett’s test.
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Figure 4 T/r L7Z BAFEIEZL L LA OMIE & Ol 6 | ERREENIT 7 ==
TR ) A RigEE LAY TRI LN, BEERE T MbEWTH D) Fr—
/V%ybuzm~w T =d =N E RGBT = AREHTRI L 2o, B

L BEEREERETRLERCUATE R ACERE LTS R B S TTL I LR =L
g®@m7%w&yﬁy%ﬁw$:wg&71:wgﬂm§¢5m/z7w7tB\7;
SVENA Y T T 2V TEBRE N 6- A FIV-5-~T T 24 U TGS A LT, A
NAR=NVFEONESCIRIEHEEII_ AT b, 1-7 2= V2T X ) TR 7=
J v OEEFHER0]1°A A 7 ) — b, 2-A F X d-T = =)V T = ) — VO Z FAROIENE
BR8N E 2 TWDH Z EAMESIN TV,

Table 1. Compounds contained in geranium essential oil.

o Retention
Compounds Content ratio (%) Indices
cis-rose oxide 4.30 1376
trans-rose oxide 2.37 1393
trans-linalool oxide 5.41 1466
menthone 3.81 1503
isomenthone 5.66 1533
linalool 5.32 1550
B-bourbonene 3.68 1559
citronellyl formate 6.29 1631
geranyl formate 3.05 1715
citronellol 26.31 1769
geraniol 13.55 1849
10-epi-y-eudesmol 2.63 2129
other compounds (less than 2% of content ratio) 17.62 -
total (34 compounds) 100.00 -

Figure 3 OV 4 TR L7 R EZE & UK T CD NPY mRNA 35 £ O POMC mRNA D3
HEOELZ kT 5 L, EBREEOZE(IZ NPY mRNA ORBZE(L & EOMHBMENRDH Y |
Figure 9 T/ L72ARICHER O I CIIERMEERICEZN N Z 2 D728 Figure 3 &
ﬁ@m4®m@i§%éﬁ%ék\bnéo_®%ﬁEkMW®W%'iNy9w7t%
V1T 2= 2T T AT VT e RIC L AR A NPY mRNA DO &%

BEICHMESEL2F LR LTV D, BIZ, UK THO NPY (ZEREERTTF K& LTH
LNTEV[26]. NPY DR UATE R 1-T 2=V 2-TH ) VATV TE RO
EAIEEEMICEE L T\ D L H#HEZ L7, NPY mRNA, POMC mRNA & EREIZOWVTO
WMEDOWN L ODIIEREENHD T 5B NPY mRNA 238 37411X POMC mRNA 2340 L 7=
ZEEREELTWA[LG, 17], LU, A EIOFRITEEESEINT 522 NPY mRNA 23
BEICHIN L, POMC mRNA [ ZBUMETANC S % A3, POMC mRNA OFHLEICA B /a2 ki 7z
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WOT, AbEW 5 X D EE T ORBREOEIEFLT LHHXT A TH D IR
HRWEEZBND, ZHUTBEDFFHAEY ORI L2 EFERE~DOFLEIZET
LEEE b —EL[16], HIT, MEIEAE S COEBEITERER DML R (Figure 8)72 H X UL
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Figure 9. Gene expression and food intake in unfasted mice

Data are expressed as mean = SEM (n = 8 for food intake, n = 5 for gene expression). Statistical
analysis was performed using subsequent #-test with Bonferroni correction for multiple comparisons
and one-way ANOVA followed by Dunnett’s test.

AT TEERERVED A S 2R > TAb & oM, BRERIEEER 2R Lclbad &
LT AT hTb Rafrrre /) —L, PTERARI. TFo &3 F[30]. E/LEX[31].
T UBRNBHMEINTWD , LOLA-T v T RabrrFe )/ —, UTERA,
T RIIEFMEZ RO LT DR S0 . 2D DAY 2 B R RE ORI
ANDZ L3 LW EEZEZBND[33-36], 7 LY RN Sh D0, Bisnk-s
L) v oREMICET AHERIIRER TW AN S DD, BEHIRFOBICIHRIEE TORLAE,
LEFL T 0T 7T =P HERORMEIT>TH 7 L U OB ENIETE RN &R
BINTWD[3T], EDID, A LAY URMERNVEL 7R EDFRNVECBAO X HITH
FINCE G TERWVWE WS AN H D, ZNHDbEME T oL XUV T ' b,
-7 2= V2-T 8 ) VAT AT B RKORAREGIZ X2 EEREERIIIHREY T
o5 LITALEMOLREERCMEOHE CTHENTE Y | BMAIREIIBAEREEZUET S
BrLWFiEE LTHIFTE S,
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R, WD DO THDIANEFHN VAT T FUHET v Folh 7 v VigE% +
A3, BRAROSELRE LI ERESNTWDR2], o, 7L Y BTy FOBUR
THETO NPY mRNA OFEHL A I X7 &0 ) R R L s STV b[38], vy
NTE T LY T EL L LEUR FHECO NPY mRNA BHEZ NS LD T, R
VLT N UIIAE TG TIRE SN D BERAIRO L 5 2R OSE IR T X S TREMED
D,

NPT b OFERIEERERIE 60 43 LA O ARER TIXRFHE & OFIZIEDOMEN &
V. (Figure 7). Satou HIZ K577 v b U(Alpinia zerumbet)F5iM O W AL 512 K B HiAZLAEH
DOFIE T H RRICHAZIEM L R & ORI IEOMBZ R ST W5, [26] — T Satou
DITRFHOWMAT G TIIERNBE L2 &b LT 5,

RUUNT N ORAEGIC L DB RREER TR 5 RE & 5RO FEE 51T C
WD EEARER MTRL, BIZZOERITRRE 2 UL S ORYE B R T
LEMHEINTND, ZNHDORERB LOARER i 40RO EERFMNE 25T
ONER BN Uz OZE R TENCBEE U7 Skl o /IR M EER LAk B o
RWEENRD LIz Th D EHEIT 5, XUV T by 74x10° mg/ll T 05
BCREEEKFICEREENEAD Lo IR CEBTHL EBbis, HIT, AE
FETODRN T2 DD 743107 mg/L D 60 73R A#E G- Tz b a—/LEEL 0 EREN
1% L TCWDEPH LN o2 b, IRED EA L& HIZERITE Z T 5 ]
REMENR B D & B 2 LD (Figure 8), Z DFEEN S ¥h7p o 7o VE RIS 13 5 B % 5B (S
TWAHATREMED YD D, Hur HIE 7 = U A @R E CTRAR G SE7-f R, BaE, K
BERENDHA LIz Ll LT 5[39],  FEH O EIRER G Choi % O} Yamamoto & 1T
STEY, WFRHEAENED LT\ [16, 17], ABFZETIE Choi HERICET =7 A
HiMERWTET vt A 29T7o7, B—FEH—Hi 2.0 Figure 3 T/rRL7ED , BZ =7 A5
THEEH D H 5 7.4x10° mg/L OF 52 TiZ POMC mRNA OFREBLEITHIN L TR 5T,
FEEEOHD LBE SN TV, Choi HIF&EHT v M —Y(B128L)IC2mL DE T =
U LKA T T 5% E521T> TWADT 610 mg/l & TS, ¥—INIbAaWEIT 74
X107 mg/L DK 1 B HHEN D,

UL EDELZNS  AFRIZEBNTRU VLT & b 74x10° mg/L %5 L7-#E X v K
FEZ RN S W72 b OGN E < 72 DI DX FERIZE 1T 5 NPY mRNA &5 5731
I %73, 7.4x10° mg/L £ 0 @\ GHREE T 595 & NPY mRNA RELR 23 L, POMC
mRNA FHHEENEIML TN D & THEIND,

FEMACAD OHEEEABTFIIREL DT T o5 5, —DIXHHARRE R DOZ R % 1L
FRAT L7 ALEMD R T 2 &0 D D b 5 —DIXEHERTRIEIC LV IER 28BS 2
HLOTH D12, 27, 28, 40]. 2 E TITHBEHSH 20 LI ABRE AKX v e A v &2
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WA K O ERB R DR 2N LT DO TH D E W) Z &R LI-FN N D
EETB[16, 27], Ll BRREREITAEHICERARLICLVBMNEC TS Z L%
W, BRI B IEIEN R 5 TR~ O EEEH O A TE L, %
4. CTRLIZEY JEEAR G TIIWTORERE THEEEOHINTIR b Rho 7,
DTN, RUULTE N ORAEGIZEDZERREERIZEE LTI Y
NTE NUPEHEER LG OTIERLS, EICRTARICE > TEZ2 b0 EHE LT,
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R ONRUUAT R R ORARGIZ LD IEREEINCOWT
FHf AEMALEMOW ARG LD IREEN S F TS5 T H1ERH ORET
1. RUUNT b OFEEBEIER

Yamamoto O 1L 2 7 & A RN AR Y 72 0 OB R EZ D S L7, 2
N 18 HIEMED IK L ARG Lz~ R day ba— A O~ 7 A ZA~KEE A A E
Wl SN e 2 L ARE LTV D17, BERBORIER D & 2 8T Ok 0 3R Ui G- 23RBS0
EREIT 2O ThHIUL, BREEEHO S 2{LEW O K LG IR REE N Z (2ET 5
AREMER S D & TAL, B-EE - 2 CTEAREERAE R LRV UALTRE R E vy
FATATE RE 1 B 1A, —FRFERAEG S, 2k 14 BB IR LZSE ORER
IVER Z kit LTz,

RUUNT N CEGRECITEM R ERERINBIE S, YT AT VT REERET
(AR EHEIME R 238152 STz (Figure 10), AIALEWZBRAEZE LIZAZ 0B E L, £
L% 1 B EOREZbZRE LR 14 BRHICBT A2~ U ADOKEIZa > ha—/Lit
ICHARNR DAL TE Ry, Y UFATAT e REERTENZEN 25 ¢, 1.5 g FBRERML T
We, RV T R BB REIZE T 5 two-way (Group x Day) ANOVA O fFEFHLER DG 1T
Group [F(1,148)=7.0554, p < 0.01]33 & U* Day [F(14,135)=96.818, p < 0.001 123 A 514 D~ 7
ADKREHIMCA R REEEZ 52 T05H Z 2RI LT\, HIZ GroupxDay [F(14,135)=
2.5238, p < 0.011FH AAEH HREIEINCAEREEL 52 T\ Z & 2R Lz, FEBRIEDOR
BIIRDOVT 2 b oEERTEa Y b — AR L CABICEREREMNL VD 2
L EPI BN Li(Day 5,8, 11-12, 14 H H, p<0.05; 4, 6-7,9-10, 13 H H, p < 0.01),

—e—Control
- ® Benzylacetone

~=h==trans-
Cinnamaldehyde

Body Weight (g)
NN NN W
w v ~N o -

N
=
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©
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Figure 10. Body weights and food intake of mice treated daily with benzylacetone for 14 days.

Data are expressed as the mean + SEM for 5 mice. The statistical analysis was performed using
two-way ANOVA and one-way ANOVA followed by Dunnett’s test. *p < 0.05, **p < 0.01 vs. the
control group.
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— T AT LT e R SEHCEIT 2 two-way ANOVA D #E st LEE D #E 813 Day [F(14,
135)=125.25, p < 0.001]DSED I H3 g A% 51 & Zﬂr?x@{ﬂ@t%bu CHEREMTH S
Z L EIRELTUWAD, GroupxDay FHAERIIIAREREINC B R B Z ol F
%@ﬁ@%%ﬁvyfATW?tF%Eﬁ?@:ybm—wﬁ%k%@LT13HE@<
0.05) DA THEIZHREMEMLIZZ L 2R L TN D,

ﬁ

2. RTINS 3 % B ST HIEH o0 R %8

NUPNTE b ATBEC 7.4x10° mg/L OG- HEEET HSGEBIEITER 2385 5 2 LN D
NTWD [10], KD R EEZ S T LT AT 35 SRR ﬁi@E%L%
MHWER 2 RS0 72[11], & MBI HEEIMOER & U CGEEAE &34
NTWD[41], & 2 CHREINCESREER & 30 BFEBMEERNF S LT
MR 5720, RUUATE R CBLOY U F AT AT RO EIREBMEIEN 24—
V74—V RIEEHWCHE Lz, A—7 70— FRBR LI, B3R ENEZ T T H
HICATEN CT& D22/ (A—7 7 4=/ F) NICEMEZHEA L, —ERE~ T 20178 28l
BT 52 LKV EYOFEE I EZBET 2R TH D, A TIET —Y (BAT 30 cm,
ME 60 cm, B X34 cm) 24— 74—V RELTHEAL, FERA2Em L=, 77— EKHR
[210 cm M CRREZSIE, TOBE~ T AN S5 T LMY - =Bk % y dil, FER 2 x i
ELTT I 7%HiE, 2o FREAUC)Z HREE & L L Tfio7e, o~ 7 ADITH)
EETANATICTHERE T2 &C, B, L6 BV EOREITE SO OA 2 il
L7z, MAEGHIETEEFRBERNEOSL G LRI —Y Efiic 7 =V Y =F L
T, WU BEF M ET F L L AREHRA L, I AR TEL L2#%ICH
PRILHLCT 60 A EMALEME R ST, ZOr—Y NIV AZRAL, =77
o —b Rkl % 520t L 72[10],

RUVUATE RN ABIORY T AT AT REHWTER GG 1 KO B EE) &4
BEUTMER, XU U7 & bR GRECIEAIREEM & AREBINER 278 L7 7.4x10°
mg/L D ERETHREIEN 2> b — U BEL D 70%K T L7223 (Figure 11A), ¥> 7 A
TT b REGHECITRENENT 212 o AR EBHENHAD T 2EAAHL 00, &
BARMEIE B S 72 7.4 X10° mg/L #5385 T 8 70 B REBNHIE IR S h
72 o 7= (Figure 11B), Z OFERITIR D7 & b > ORERIIERIC B ZEEEhH0HI1EH 23
TEHELTWLHZ AR LTS & &b, ERREREH L BREBMEETIZZA T
MSE UI=VEFCH D Z & &7k L7z, Figure 11 TR L7fERIZ 1 B TO B REBETH 5,
1 HIZEITHREZRE L TR EEINER O RIC B 3 EBIEHER R HF S5 L Tnd Z
EEENRDDIZT HITIE 1 BY 72D O BREIEOHENLETHDL EH 2T, Z T,
ATN—=T7 AN T I =V AT AEHWTY U AD 1 HbT2D OB IS ER &%
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1 Y720 o BREBEIIEEHIEH LFEL 13 L 77 AF v 75— 0 EHICAKE
AL, 2227 =W R = F LT8R, IR LTSS EM LG ER T LT 1 R B
EBTr —VNICRm S Ee, T0%~ 7 A% 1 IBr—URICEAL 1 RFRARL S
oo MABGEDET LI DRI AA TNV —T 7 AR« NIy B —Y AT
LEFRE LV AEER  —VICHEMTAN, SVAHA V=77 AN« NT v 7 [H
B — UV AT AWM A~ U AREE S 5h B EE &L Lo T,
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Figure 11. Spontaneous motor activity after an hour of mice treated with benzylacetone (A) and
trans-cinnamaldehyde (B).

Data are expressed as the mean + SEM for 5 mice. The statistical analysis was performed using
one-way ANOVA followed by Dunnett’s test. **p < 0.01 vs. the control group.
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Figure 12. Spontaneous locomotor activity throughout the day after 1 h inhalation of fragrant
compounds.

Data are expressed as the mean + SEM for 5 mice. The statistical analysis was performed using
one-way ANOVA followed by Dunnett’s test. **p < 0.01 vs. the control group.
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1 HM72 0 0 [ 3GEREIT 1 R T [ 5GER R & RSB 5 7.4 X10° mg/L D
UNT Y NUEGEECa Y ha— LEED 30%IZI T D Z E BB S0 EAe o 7o (Figure 12),
—F. YT ATATE REERETIEa Y b — LA EEIT R Do 72 (Figure 12), Z O
RIFN DT & b OREHIVENTEEREER 720 T < BREBIMHIEN DX
BELZITTEBY INOOMEAGORICL s THERIEA o T D Z L BRmE LTI, —
. VT AT AT RCIREARERERITS 2., BIESIMHEIER 7200 TRER
IMERL S 2B EERIEHTRVWEE 2 B,
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14 HEARVOATE R Z0IRLELS L~ D ATIHEREN 2 b — U iE & g L
THEIZHEMLTEY, two-way ANOVA DFERNHR LT N ORAE G BIENEK
EHIMERICE S L COWDHERHAL N E /2o 72 (Figure 10), —J5, 14 HEY v F A7 AT
b RE#VR LB Lz~ ZADEEITa Y ha—LREO & O & il LTI B @I
135 DDA B2 EINTHERE TEJ, two-way ANOVA OFER L T AT LT B ROR AR
HGMEREEIMERICEH 5 L TWD & IEE 2 W F %R LTz (Figure 11), 14 HRE T~ 7 203
BLIA~LVy FOREIZaT S br— LR L TR UALTE M T165g, YT AT
LT RT212 g &holz, NUVATE b ARG TIIRARENMREEINCES LT
BO, YT AT AT RCIERAREDNEEBINCEHES L T2 & two-way ANOVA D
FERITR LTV AN, ERRIIEEBINCG X5 —EKTH Y [41], SEIORAEE TS 14
A CHREE HEREITHEML TV D, 2T two-way ANOVA 23R L7 A G2 L D 1E
MR DATE R ATIEH IR F AT AT RITIZRWERTH - T, EEREE
ATV DO THDLZ EERBL TS,

FZT, RUVUALTE M ATITHELNDDD, YT AT IVT B RBERSS THDHERE
HTIEAED N - BREBIHEIEA N E G L DO TRy E PHELEZ,

BAEER & BRESMENERILE —F=E —fi CoHFEFEH LD OERMEEER OR
KBS 2.O0ENSTNEFNMS LIEHEZ R LTS, RUPATE MO
B R BB NIE A X two-way ANOVA OFERNHE 2 5 & H R EBNIMHIEA N0 < B L K
ELTCWABZEMIDNZD, T2, RUPAT Y b T EAREER & B3 ESIEIE
MOz F—RE CRTIFFICH VLA TH 2,

B 2 TR LIRS, RUULT R R E VT AT LT E ROWAZEEIZ X
L EREEE A B X OWIE FERICE T 5 NPY BEEOZ I ELL L I Tnb EE X
bNb, — ., REHF—HTRLERXV AT | b oo IREBEIT 7.4X 10° mg/L Rtk D
BERET U FA—T7 %8N, T AT AT e RA%OARETHEIIEOBRETY
B HRERTOIET LTS DO TH -T2, X7 & b0 B I IEE) PG X
AEIC LV EES T 22, TN THABESEOBDPBEINTZ ENREINTWND
27, ZOWEND, NPT OB IEBIHENEER AR & BT LebA
MoOFRIZEB T HEHOMEIZIZESINTWD EB 6N, YT AT LT E ROBR
B ~DOIER 1 250 mg/kg (7% O 5 TOEWFRIFI MK 20% A0 & STV 5 72H[42].
K CHIH ATHERIL 50 mg/kg) TOMRAEHIZ L VBIEINTEBY, By AT AT E
R 250 mg/kg D REFENE G X 0 EB RFIEH R ST\ 5 [43],
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BT FERRRETIC X S E e
F—fi B VBRI OB ARELE R & IR ST OB
1. 71 L — i OB R R O RS

t MIRBRAICH L—HZnE HOWTZEPEO BRI LD BERDMEHE S L5 RER A T
LTENRDD, ZHOFERRCAEIKIT RN OIS OB EAYFRAI I T b T
WHHEDOD, ZTRHIZEEND HFEEEY. IHEXUCHET 2 PIMAEIRIZE AL
RSN TWRW, B L—K[44]1° 0 L— D JFEH44, 451 T D A3, 2B 21X T
[46]°7 m—T[47]. 7 =V RNVBNIIEEZ L DT == v T a4 MeGRE £ T
Do Fr, HL—BRFOFEEITCHAVFEY, s u—T T RAREAEKLE LT
HAWBID AR, AT E ERRFEOB 25 E R T D, £, ZOOFEFEEHT D
AT EMRETIE L T, BRRREOUET 2R EF L SN2 HBEICHZLE
FND[49], H—EE—Hi 2 TT =T u) A4 MEEEET LY AT AT E RO
VIONTE NN ERREEREZRLIEZOT, Zu—T OO ERSAA T ) T
= VRV DOREMOERY T F b= E2EL D L—H Okl bIERIRERAZ R & THES
N5, 22T, BABFLETHL I L—BOEHE~ T AW ARKE S, ZoEaRTE
VEM % 55— 55— 2. T30 L 7= B RATEhRBR TRt L7z, R TRt L 7oL A W1 Figure
1 3 L O Figure 4 |27~

B LK E 74x10° mg/L OWETRALS LIBAA B ERIEEENZ R L, £
DOEEEIIEMERBE LTHWER CEEOR AT F 2 AR S LT84 L F%
Tho(Figure 13), ZIUCEY | AIE LTHAVLN L EEHOREM TH DD L —H
FEM OB L0 FpROAROBFERIERIEEER S 5 Z LR s,
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Figure 13. Appetite enhancement in mice treated with fragrances.

Control: triethyl citrate inhalation, benzylacetone: as a positive control via inhalation. Data are
expressed as the mean £ SEM for 8 mice. The statistical analysis was performed using one-way
ANOVA followed by Dunnett’s test. *p < 0.05, **p < 0.01 vs. the control group.
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2. 1 L— ks OTEYEL A DO BRER

A 1L CESMEEERZ R LD L—El OGRS Z FET S0, I L —itE
? GC-FID KO GC-MS 73H7TIZ & 2 A5 D IE & M OE MMM 24T > 72, Table 2 (278 L
B, HL—BBIEI T ATATE R, AAT )=, THR =L ET =)L
TaR ) A RE BRIV AT 4 LREZRBMICEENL Y XXV R ET AN AR
MBEL> TU=,

Table 2. Main components of curry powder and ginger essential oil.

Curry Powder Essential Oil Ginger Essential Oil
Components Peak Area RI Peak Area RI
(o) (%)
B-Phellandrene - - 5.46 1212
y-Terpinene 1.16 1246 - -
d-Elemene 1.02 1473 - -
a-Copaene 1.71 1497 - -
Linalool 3.13 1550 1.17 1550
Bornyl acetate - - 1.70 1584
2-Undecanone - - 1.31 1600
B-Caryophyllene 4.64 1600 - -
Terpinen-4-ol - - 1.41 1606
Myrtenal - - 1.13 1631
Neral - - 10.81 1684
a-Terpineol - - 1.83 1702
endo-Borneol - - 3.28 1708
Zingiberene 1.25 1724 8.59 1724
B-Bisabolene - - 1.61 1730
Geranial - - 22.29 1734
o-Farnesene - - 1.92 1750
5-Cadinene 1.87 1761 - -
B-Sesquiphellandrene 2.57 1772 3.04 1772
o-Curcumene 1.01 1775 1.41 1775
2-Methyl-3-phenylpropanal 11.46 1781 - -
Methylenebornane 245 1793 - -
trans-Anethole 15.18 1827 - -
Geraniol - - 2.10 1852
7-epi-cis-Sesquisabinene ) ) 1.07 2004
hydrate
trans-Cinnamaldehyde 2.70 2045 - -
cis-Nerolidol - - 1.40 2051
p-Cimen-7-ol 1.82 2118 - -
7-epi-trans-Sesquisabinene ) ) 1.95 2119
hydrate

Zingiberenol - - 2.55 2129
Eugenol 6.97 2172 - -
Turmerone 7.81 2185 - -
B-Eudesmol - - 1.00 2232
Curlone 6.31 2240 - -
ar-Turmerone 10.32 2251 - -
Unknonws - - 3.70 -
Main Component total 83.38 18 compounds 80.74 24 compounds
Other compounds 16.62 36 compounds 19.26 41 compounds
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T =T uns ) A RiEh L=k 2478%% 5O T\, YT AT ATE B, F
AT )=, TH L=, BB VFT 4 LRI L—HDIFEED—>Th 5 EZNG M (Table
2)%& 7.4x10° mg/L O TRHAE G LIEREERAZIE LA, Tz T a8y
A RTHDLY YT LTIVTE R, A7 )=/, TF b=V TIIHBREBEREDRINNE
BEINTZMN, I VAT 4 LRoT ) A ROIZDE 72 5 A ZENEH(Table 2) TIXE R ED
HMAEIE SN 7e o - (Figure 13), ZOFERNS VT AT AT B, A7 )=, T
2 =30 V=M OTEEIC T T A TH D RER S D, A7 ) — AT
F = NVICHEEOHEU L7 2= 7 a X)) A R, 70— XA N T I—LERAL
Te~ U A TITEEEOINABLEE S 780 T (Figure 13),
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Fig. 14. Compounds tested in this study

8. eugenol 9. frans-anethole 10. safrole 11. estragole 12. B-caryophyllene
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3. IEMHAL G DIREIT & DB EREE T~ %8

H REE NS D & 2 BB ORI 2 IR E TR AR 595 &R IIES Y ©id A 5 ES)
HIEH AR S NT- L OREN D H[11], I L—BMOIEELEM EEZONDL Y T A
TNATE R, FAAT =N, TR F—/VIHEMTHEREEERZ7R Lz, 7 L —HfEih
TIEZIND 3LEMTRS VG- TEY | EEOKEMOIREIZ L 5 B I EEMHIEH DL
L& FERC, BRIGEER V(LT 2R S D, TZTY T AT LT K, A4
J—=)v, TR b= V&N LT OEEN:2.6:56)TRA LI OOERRHEER %
7.4x10° mg/L ZWM AL L CEAITHRBR TR L, ZO/RER, 2> b a—/L b i
LTHEBEZEERIIEML TS 00, FA—RETEREMEBZ N5 LEWE
5 LI25A L0 EARIIED LTV (Figure 15), % 10 @R L7256, I L—H
FhZ2 W A5 LTc 56 & RIEOE R ®EPBIZE S v/ (Figure 15), 2 a U2 10 AR
HEEBREITaY ba—L EIRIFRZE & 72 o 7 (Figure 15),

N
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on\l\'z

§.4x10""mg/L5 T

Figure 15. Appetite effect in mice inhaled mixture of active compounds in curry essential oil.

Control: triethyl citrate inhalation, benzylacetone: as a positive control via inhalation. Data are
expressed as the mean £ SEM for 8 mice. The statistical analysis was performed using one-way
ANOVA followed by Dunnett’s test. *p < 0.05, **p < 0.01 vs. the control group.
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0 B

I U—REMERAN L~y A Zar ha— Uit L i LTI S W EBEREE R LT,
ROT 47 ar bua—LThHHGIRE 74x10° mgL DXL T & h 2R ASE iz~
TADEREIIINEIZERETH 2, W L—BEmRICEENRDI 7= T 4 K
b&¥ > FLTNVTe R, A5 =, 7T b—/VFEEREFER NS 7253, B-
HNIFT 4L RV ERL R EDOEAXRT AN G 0AZRIIERREER 2R
K 7e oz (Figure 13), F—EHE —H{i 2. CHL 7 ==L 7 r/3 ) 4 ROZ ORI ELIETE
VERZRT Z E BB, TR A RRT AR A ReEnd LB T =7 Lk
FEAREERZ RS hoTz, TRHIEFT A A MM L T 7 == 7 r
A FEEEZ AT 5GP EEREFEREZRTREER S D 2 L 2R LTV D,

—HT, Tz Tas )L FORTHLY 7o — LR A T I— LD L 9 ([CE AR
EMZ RIS DOBFEEL TWD, FH—EHH MM 40RENDL, HFEHEEEMICLDE
BIREEZE E L TRERIRIC L D260 LT 22, BREEERETR~T A AT ) —
NOERTDIREZRAED D70 — A2 EMERA LN ERHALNERoTND
28], BIZL v F AT AT R, 7R h—/b, TR T I—/UIAA 5 ) — 0= (28]
LEI XA T ORTZRIETEWBIIMEZ R L2 EHE SN TEY([50], 7 r—Lox
Z b7 A= THEEREEN 2 R SR WERFER LA Z L T D eEnd 5,

L L THWO N A AEEZRHEDFH HRWEHARIEF T JPXV)IZEIT D HEEME X
TNEN[6]-F > 71— V[51], [6]-> a U A —/V[52] T DM, AF7E TR AR
TRBLIEEENTW RS, [6]-F 7 B —AR[6]- 3 T H A — I EDELED A X )
—NVEXRRATIIARL HRELAT R EOMBIREZ L EZD A K ) — /L F 2 THN
T HEHEM Cheng HDAFZFETH BN E 72> TWDH[53], — 5T, Ffp S E2AETHREMICIX
[6]-F 7 a— A BEENRNENIHEDNDV[54], E OMBUTIAFEORESR & REkIZE
JTNRREAXRTNR e RKE LTEHEINTH o7, [6]-F T u—Ndig A7 42
VRN R B ITIAMR LIZ < WEH Singh H[S5]OBFFETH LN E 7> TWH DO T, iR
el L THWEAT o N T T2 T A~ A ROPIZITETFIZ < WAEEMEDY B
%, LML, Singh HIX[6]-> 3 UHA—IViINA VA7 X AZEFITIETROT W &b iiE
LTWA7OVETHS THRBTICHNZZWE WD DITHIOEBARH LN THDH EF
2Hb, EO—DTWMEDENEZ GND, EEBMIEEND -7 VT A BIY
cis-=3r 11 U R—/L D siTZ 4 20Torr T 140-142°C (760Torr THJ 260°C)[56]. B L
0.1Torr C 70°C (760Torr T 290°C)[57] & W& I TR Y . £ < OKEMAEL 23 200-300°C D
MToSEZET5, LnL, [6]-F2 7 a— L Clbiild 453°C[58]. [6]-> a YA —/1LT
I% 427.5°C[59] TH D, ZD LI ICEIBRTH DT DKRARARBIZ L - TAB INENZ &
M6]-F 7 — L R[6]-2 a U HA— /AR PITFAE LR WER Th 5 L HEIT 5,
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HL—REIMCEENTWDEY T AT AT R, A7 )=, TR h—L&EH L —
By OFEIS(1.00:2.58 : 5.62) TIRA L2 b D% 7.4x10  mg/L THE-9% & I L —#kEil
ERELESA L VERNHEL 2o TRGEEEEH L THREN DAY D HO
BH5OEAE XY LIERNIFL 72> T iz, (Figure 15) 7 L—KEHP T T AT VT
Ry A7 7=, TR E—=ABNEDDLEEIX2485%TH Y, EEFMBROILEM(T v
XRLNOB- AV AT 4Ly, FEEH 2 THLMNC LY Fu—ie EIXE AR
ERZRERNEZZENDLOT, B L—BBEIICEB WD TER Z R Wi s L Tok
Fafs, 3 S OBEREFERZ 7T bEMEFRNL TV D AREMR B 2 bitd, v A
TILFR R, AT )=, THRb—=AEZRAELELDO%E 743107 mg/L 72 H NS 7.4x10°
mg/L IZFR L7 & 24 7.4x107 mg/L TH L —Eksi &I IE RS OE A IedEE M A5 S 4,
7.4x10" mg/L TIIMEMAMAELE LTV, 2 OfE BITH— 20 =6 2,085 5 & RIS, e
WETETCHRTECHIEERT/ 2L 0H ZEEZRLTND, ZDHT T LTIV
TE R, AAF )=, TRV ERELTEZLONRT N A REERETHIEMEZFF
ERNEEZLNDRMEIC LIV FREN TN L TRV EBRETHD 7.4x10° mg/L
TH L= OB EEEANBIER SN0 LHEET 5, 72, 7.4x107 mg/L OiEM:
fbEMm e TRENDIEWE I L —BRMP ORETRA L7z b DTl L—ikh Xk v K
TR TRV E AR 2R L2 2 L SRR L FEET D RN H 5,

AL —REMERA L~ AOBREITa Y b — UL R L CAEEICHEML TR
D, THERVIATE RN ORARETOBRERELFAETH T, ZO/BRITEESE
EROFRUICEBIEN R H D Z 2R Lz, £, A L—WEHTIcEENLs T L7
NT e R, AAT =, TR M—=ADH U—kEOIEMER S T D ATREME DS RIE S 4L
oo TNHOLEWME EHR & LTEHETDANA A Fl 21X T = RV (Foeniculum vulgare
Mill., Apiaceae), 7} & > (Cinnamomum zeylanicum J.Presl, Lauraceae), 7 H — 7 (Syzygium
aromaticum (L.) Merrill & Perry, Myrtaceae) [44, 45]7¢ E O b ERIEEERH 2R3 2 &2
HeZ2 X%, Kariyone[60]IZ LAVIZH AR THE LN TV AEEEIRICE T2 5 EMMEE I,
B, TH. T =AREDOFVIITN L OERIEEEHOFEER D TH L EHEZ BN TEI,
AW ORE RITHEL[46]. T F[47]. 7 =A[61]DHEH D S0%LL LAxThEh b b T
LT NTE R, AAT =, TR =AW ZI6hEERRE IO EHIEMERS Th 5 Al
REMEZ R L TV 5,
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WU ~NF I a U (Zingiber zerumbet) HRZEHKERIRE A X T L~
B AR B X OFOFHEARO B IS EB I HITEE

—fi MO T a v HROEDORFHRTIZOWT

/N a U Zingiber zerumbet Smith (Zingiberaceae)lE A > RJFEFET, A4 R« W7 ¥
T INDNT A GBI D RO A9 5 [62], AEZENHESLH 72 O THRCK ClIFEZEMY) &
L CORMMEIZA, W7 U7 TIIR3E 2 FITHREIE M 2 HifF L CRETEMICT 5[63],
LS. REHROKEMOER S THLENL AR ANTIIPUREEANED b Z EnfE
INTWD[64], BN R ATITHURFEEHOMIZ S H Y 4 L ZER FIRIEMEN 72 EH3 R
SNTVDLHR, bEWE LTTEmWRISEEZ AT 5720, N7 VXL EZIE LD ET S
EHLEDOAREE & LTI SN TV A[65-70], BV R ATE D 85 > TR
WEZART IR THD[67], BAFEIZ L0 BIFEIINGITEER & OEMIEMERH &b
HAREMED N B EHIFF &N D, £ T T, Figure 16 (2R L7 BV R K ONE OFFE(K A K
ABE LTEBRO~ U ADORAREB EOL(L A5 _FHE—H 2. L AR —T 71—
NETBIE L., (LB OIS & IEME & ORISR ORA 2 5 L7z,

18: 1RS, 2SR OH OH

N
19: 1RS, 2RS OH OH
20: 1RS, 2SR OAc OAc
/'\K)r/w

21: 1RS, 2RS OAc OAc

or
Figure 16. Structures of zerumbone and its derivatives examined in this study.
13: zerumbone; 14: o-humulene; 15: (2R)-tetrahydrozerumbone (R-THZ);16: (25)-tetrahydrozerum-
bone (S-THZ); 17: (2RS)-tetrahydrozerumbone (rac-THZ); 18: (1RS,2SR)-cis-tetrahydrozerumbol
(rac-cis-THZol); 19: (1RS,2RS)-trans-tetrahydrozerumbol (rac-trans-THZol); 20: (1RS,2SR)-cis-te-
trahydrozerumbyl acetate (rac-cis-THZAc); 21: (1RS,2RS)-trans-tetrahydrozerumbyl acetate (rac-
trans-THZAc).
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B BV AR BRI DU T O EE MR BT R
1. B rmrosr b RoFAEEE B I EEMHTEE

BAUARY 13 & =7 AL 14 OEFHENZ R U IGE~O 7 F OB EZELE L
2o ALAW 13 248575 LR B EEEREOR TR0 b, 58 74x10" mg/L THE
AR TSR ST, (Fig. 17) —J5. f&Edicsr b o 2vba 14 285325 L H
RIBEBBEORDBROOND LOD, EORETHLABERIEEIIR N7,

ZORERNG, ALEM 13 D IO b BEOFEIIFERIEEOFEIZES L Tnb &
He®E L=,
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Figure 17. Spontaneous motor activity of mice treated with zerumbone 13 (a) and

o-humulene 14 (b).

Data are expressed as the mean + SEM for 5 mice. The statistical analysis was performed using
one-way analysis of variance (ANOVA) followed by Dunnett’s test. *p < 0.05 and **p < 0.01 vs. the
control group.

29



2. VLU RO T EEAS OKZMINC X D B IR EIIMETEE~D 2

QR)-7 F Tt Ru¥ /LR (THZ) 15, (25)-THZ 16 K& Y(2R)-THZ 15 & (25)-THZ 16 D%
T/VIRAW 17T OFGICE VA REESHEITOV TR G5 74710  mg/L TRBLIET L7,
Fo, BEDOEWIZL A FRIEBEOBAIIEAEY 15,16,17 ODWTITHHELIL TWD
7o, 7 IRTHHEBBRMERFEROEHZERGFTE 5 Z LRI, (Figure 18) 1k
B 15,16, 17 1ZLED 13 D 1/100 OG- B THEiEMEZ R LTz, (Fig. 17, 18)

ZORERPD ALEM 13 O b IEICEHET D o0 THEG OHKRITAERIEIED R
B oELIKTSED LHER L,

P on b °
2500 . NN 2500 - NN
2000 \\\§ 2000 \§ N
é 1500 § N * é 1500 §
1000 - N\ Y 1000 \
500 \ 500 §
0 c 1 7.4x 107 7.4x 10 7.4x 109 7.4x 104 7.4x 10° 0 § % < 5 T7.4x103
i (ZR;-thrahyd.ro)z(erumbc;nex(mg/L). - conrel 7.4X1?Zs;l-:etr:?lydl;i:r:?nb:r::Tr:;)/L)—’Ax10
T
2500 NN
g 2000 § L N
<< 1500 § §

Control 7.4x107 7.4x10% 7.4x10° 7.4x 10 7.4x 103
Equimolar Mixture of Tetrahydrozerumbone (mg/L)

Figure 18. Total spontaneous motor activity of mice treated with (2R)-THZ 15 (a), (25)-THZ 16 (b),
and (2RS)-THZ 17 (¢).

Data are expressed as the mean + SEM for 5 mice. The statistical analysis was performed using
one-way ANOVA followed by Dunnett’s test. *p < 0.05 and **p < 0.01 vs. the control group.

3. MEE G A B REEOFIHDE T X D IEE~D

F 7t Rr®¥LrR—/(THZoDB X UT Tt Fu¥/ e/ 7 &5 — h(THZAc)
1821 1TV b A E R HIERINGIEE 2R L=, L&Y 18, 19 ZLikd 25 &, {LEW
19 B 5O H R EB &I LA 18 5O 1/10 D& THROIET L=, [FEEC, {bEW
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20, 21 ZHEd 5 LAY 21 B H RO A REB) I AW 20 5RO 110 58T
BHIKT L7z, 2L Y| rac-cis/trans-THZol ({54 18,19) % O rac-cis/trans-THZAc ({54
2020)DWTIDEE S trans KULEW 19,21)728 cis R(ILA ) 18,20) K 0 D720 Fe 5.5 T
LEOWEMEEZHET HZ EDNRENT,

4. BV R DOUT AT VA =B ERO BT RIEAS B IEE TRV 5 2 D 5

THZol & THZAc O NAARBLEDNF U cis-trans BAERRIIEE Y 18,20 X TN 19,21) % i 5
&L BB O cis-trans BPER Y THZol A3 THZAc % 5-B5 0 1/10 O & TiEPE % 7~ L 7= (Figure 19),
THZol & THZAc Ti& THZol R LV Dot 5 & THERIEZ R LT Z £vD ., THZol
DINDT B F MUIFAERTEE 2 RS DOICHE B GBS S5 EHEH LTz,
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Figure 19. Total spontaneous motor activity of mice treated with rac-cis-THZol 18 (a), rac-trans-

THZol 19 (b), rac-cis-THZAc 20 (c), and rac-trans-THZAc 21 (d).

Data are expressed as the mean + SEM for 5 mice. The statistical analysis was performed using
one-way ANOVA followed by Dunnett’s test. *p < 0.05 and **p < 0.01 vs the control group.
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I HE

AIFFEOFER ., -7 L2 141359 AR EBNGFNEEEZ G52 2 AR M STz, (Fig
17) BLv Ry 13 B LAY 14 ORI THEMERRN R 72 > TO 2 01F 74510 mg/L O
BEROHTh o7z, F7o, BHEE L BREDHIHIEMEOME 2 B R4 2 72 DICmEITRE
ENTALEW 13 B L 14 O X BEERAT O R A bl L7 fE 5. WA <7 b o3k
fHEORENADRKE S ZREEBEEICRE REITRVEDNRIN[69, 70, 2L DR
Ko AEW 13O 1 (ildH D7 N RITAERAREHEOR TEHICHFEL TnD &
HEWI U 7=, THZ 15-17 1T BV R 13 O 1/100 OH 5B The b 50 H 3 EBHNHIEH 2 7~
L7z, 2Ok, BLrRy 13 ®© C2-C3 LY C10-Cl1 & " FEfEA OF TN B /25D
FBUZHF G LT\ D EHEE L7z, THZ 15-17, THZol 18-19, THZAc 20-21 O & F(Figure 18, 19)
Mo, WTNOILEMIT LA BERBREHINHIEN S5 Z LB LMo, (LAY 14
LG 13 B L1521 DD, MR G A HRENAER B EH O NEIH
BLTWwaaietormme s, £z, LEw 18,19 LLE4 20,21 DL~ HKERIED T
T F AL B REB PN HITEE 2 )RS S & D ARt B D T E SRR S Lis, KEEEEDO T &
F AN L DTEPEDREFT R VAT | b UFHEATHHE SN TV A[10],

BEICHE SN W ABEGIZ XD cis-trans BYEKRERIRAL AW O A BLIE M O FLig 1T
Vernet-Maury & D& DA T H[71], Vernet-Maury 12 LAV cis-trans BRI AW
TH28ANAT AL b ORMRH TR bV AFRIEMIERRVELZRE LTV D,
— 7. AWFZEORER TIL cis-trans BAEKRREOF B2 B A EBINHTEEOR BT oW &
W10 fEDEND D Z E3MEEW 18 & 19 DB I TMEAY 20 & 21 DN L E
2oz, F7o. THZ 15-17 TiE C2 (OB E 1T H I EB GG RIS 2 5 2 w2 &
Zor LTe, BRICHE ST 2858 AR CIEMEIC ZD 72 MEAE W & L TIE limonene 73
& D271,

PLEDEZICEBIT 5 " EHEAOEES cis-trans BYEREIOIEMHEOE WG, 11 BEROZ
AT E LT BRERE ONARECE N TR IC R A 52 D L E£8 LT,

FEMHECEY OB AEE T X2 B EBIHEHERET & LT, W< ONORFEHIR S 4
TWD, O &I R TOZAEHE TH O [10, 12]. b 5 O& DIiF B AR OHIH
ThsH Y, BAURUBEEROEREMNEZRET 5720, BAEWI1T 23— 24 AL (fn
SRR THCIEAE L, 10° mg/kg O 5B CIEIENE G LIRS 5R, HRRE & LR CHER B
RATEN DR 25588 DAL= (Figure 20) . Z DFERNS | AHFZETHWZALBH O B JEES)
PIHIEPE X, REROFPLOZTIE2e <, b U < IXEEEED SRR END 0D
FRFEIC X DISHERBL S B LT D EHERI L 7=,

32



3500
3000
2500
2000
1500
1000 Kok

500 r

Vehicle 105 mg/kg ,p 5
(Corn Qil)

Figure 20. Effect of the equimolar mixture of tetrahydrozerumbone 17 by intrapenitoneal

injection.
Data are expressed as the mean = SEM for 5 mice. The statistical analysis was performed by
Student’s #-test. ***p < 0.005 vs. the vehicle group.
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AIFFETIINL DD FEMALEY ., FFlC 7 == AT a4 RigEEE T 2600
WA FAIZ X DR T CTOBBTREAERNELZBEL TNV UALTE MRV T AT L
TEROEI T == AT XA RiEgEEZET 2LEYOBREEER OR L2 RN
WZNCRET D & & bic, BRIEEERZ TR IEEME L TR UALT R N, VATV
TE R, -T2V 2-TR2 ) AT =, TR h—AERIELEEEBIZ, VYo
LDTNTE R, AT =N, THX =N EELHV—HREMCLS ZoFERRHL 2 L%
HOMNZ LTz, LFIZEETH LIS o Tofbimz mT,

SRV T 2 RO ARG LD ESEEERIZOWVT

RUVUANT VRN 1T 2= 2-T X ) VY F AT VT B RIER AL L0 RE
THETOMEENTF K'Y mRNA OFBEHIN D, 26 DIEEMOFLIN~ U AER
REEHAZ R LTI 2RO L, EEMRD E LT T o= T a8 ) 4 NigEE AT
HRUVNVTE RN -T2V 2-TE ) VT ATATE RBRHY, TR AR
REFERREERZRERDpoT, RUVAT Y O ARG L HEAEER I
P GIRER GO BEEZZ -2 b, ZOEMIMEHRTH IR R ZHE LI-%
9%%%E_Wﬁbkﬁmf%é&%x%héo

NUVNT R ORARE S XD ERERIIMEHIC OV T

NUNT R ORARGIABREERIMEM 2R LIZR, T AT AT R T
IXREHEIMMENILH 535 O, BALRAERIMIBER I 2o 7z, BRRETIFERETH
LZNH0EHD 1 KHTZV B 1 HHZD OMARL %217 o7~ 7 2D H3ES)

BEIRVIOALT R M EERELESAFa Y bo— B B L CTEMLIIE T L2 b 00,
VT ATNAT e RERELIEGAITZaY b — B ERN R oTe, THDT END,
BERREER & B3EBIMEERIIMZ L/ TH 208, ZhbiallAagbEd Z &Iz
LA ERREBIMERPNHEL LT,

T EEHE T OW A G- & D el

HL—BEHOBALEGICEI DR DA TE hrEREOEAREEANE LN, F
7. HL—REHCEENA L U F AT AT R, A4 —, Tx h—L L EARE
TERZ7R L, 2RO ORI N V—Kh L 0 RWEE RO ERREER 2R LT,
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INHORERNS, BREEERZRILEWI T =T a8 ) f FiEEEFEF-> TR,
TNR) A RRERINERIS W ERHLNE -T2, F2. I L—RlICIEEN
HolzZ D, AEPLHEEROBEWITITERBIERANS S Z ERHL N E 25T,

PR B L OZOFEERDOWANR G L % H R ET TG

PRy BLOZFOFEKIT o-7 L L2 & O BIEIMBNTELE & OIS, BHEE
AERE, Thbb IRV KRR, 7 MU EEZAET 525 THEZR B R ETD
FEMEZ R L CWDERA LN E R oz, B, ZHEAGOHEASCY T AT LA~ —72 &
BRAEIE OIEWVIC X VERRENZ(LT 5 FE 16, BRE S B R EBMETEEICR FE L
TW5,

LLb, R CIEAE R A S EEMORAR S, T7hbb, BV EEREEHN %
AT EE, vURAEHWEEMERICEIOVALNILIZLDOTH D, THIFRAREIC
L AEFELOBERCICBWAFIALEEL I AT 4 r—a v DERR Y, EFEMEEAY
DRI FEBRFICAE AL L D B2 T D,
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[Materials]

Essential oils and compounds used in this study (Figure 1, 14, 16) were obtained as follows. trans-
Cinnamaldehyde (purity 98%) and benzaldehyde (purity 98%) were purchased from Nacalai Tesque,
benzylacetone (purity >95%), 1-phenyl-2-butanone (purity >95%), butylbenzene (purity 99%), 6-m-
ethy-5-hepten-2-one (purity 98%), eugenol (purity 99%), trans-anethole (purity 98%), safrole (purity
96%) and B-caryophyllene (purity >90%) were purchased from Tokyo Chemical Industry. Geranium
essential oil was purchased from Tisserand and (R)-linalool (purity >95%), p-allylanisole (estragole;
purity 98%) and a-humulene (purity >96%) were obtained from Sigma-Aldrich. All fragrant compo-
unds used in this study were of the highest grade available. Zerumbone was extracted from Zingiber
zerumbet rhizome, and the extract was refined. 2,3,10,11-Tetrahydrozerumbone (THZ) stereoisomers
and tetrahydrozerumbone derivatives were synthesised from zerumbone. First, zerumbone was redu-
ced with H, on Pd/C to give racemic THZ. Then, racemic THZ was reduced with LiAlH, to give ra-
cemic THZol, which were acetylated with acetic anhydride in pyridine solution to obtain cis- and
trans-THZAc. Furthermore, racemic THZol were treated with lipase and isopropenyl acetate to obt-
ain (2S5)-tetrahydrozerumbyl acetate and (2R)-tetrahydrozerumbol in order to resolve the racemic
THZ into (2R)-THZ and (25)-THZ by oxidisation following deacylation. Zerumbone derivatives
were refined to more than 99.9% purity, as evaluated by "H-NMR, and (2R)-THZ and (25)-THZ
were obtained with 97% and 95% e.e., respectively. The purity of cis-THZol was 85%. Triethyl citr-
ate was purchased from Merck KGaA, and 2-mercaptoethanol and ethanol were from Nacalai Tesq-
ue. Ghrelin (rat) was purchased from Peptide Institute Inc. The materials for distillation of spices;
curry powder and raw ginger (Zingiber officinale Roscoe, Zingiberaceae) were purchased from S&B
Foods INC. and Sakata. The batch numbers of the purchased spices were as follows: 2017.7.17 (cur-
ry powder), H 2K (raw ginger).

[Animals]

The animal studies were designed according to the recommendations of the Animal Research
Committee of Kyoto University, Kyoto, Japan. Four-week-old male ddY mice (approximately 16 g
at the time of purchase) were obtained from Japan SLC. The mice were housed in colony cages (six
mice per cage) at an ambient temperature of 25 + 2°C under a 12 h light-dark cycle. The mice used
for the measurement of gene expression in the hypothalamus, locomotor activities and weight gain
caused by fragrant compounds administration over 14 days (25 g at the time of experiments) were
fed standard pellet chow and water ad libitum. The mice used in the feeding tests (19 g at the time of
the experiments) were fasted for up to but not more than 24 h before starting the tests, but water was

available ad [ibitum. All studies were conducted from 08:00 to 17: 00.
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[Evaluation of gene expression in mice hypothalamus]

The evaluation method for gene expression used in this study was modified from that described
previously [12, 16]. The mice that were not fasted inhaled the fragrance in their cage for 60 min,
then their brains were removed after cervical dislocation and decapitation. Hypothalamus was
isolated from the brain and was ground up using liquid nitrogen. Total RNA was extracted from the
hypothalamus using an RNeasy fibrous tissue mini kit (Qiagen). cDNA was synthesised using
Revatra Ace (Toyobo) and oligo (dT)15 primer (Takara Bio Inc.) with extracted total RNA as a
template, and the resultant cDNA was refined by NucleoSpin Gel and PCR Clean-up
(MACHEREY-NAGEL). Gene expression in the hypothalamus was measured using
THUNDERBIRD® SYBR® gPCR Mix (TOYOBO) on StepOnePlus™ (Applied Biosystems).
Quantitative real-time PCR was performed with a temperature programme starting at 95.0 °C for 20
s, followed by 40 cycles of 95.0 °C for 3 s, 45.0 °C for 30 s and 72.0 °C for 30 s. The primers used
in this study are shown in Table 3. Calibration curves for each couple of primerswere plotted using
the results of real-time PCR. The calibration curves of f-actin, POMC and NPY and their correlation
coefficients are shown in Table 3. The linearity of the calibration curves was evaluated with the
correlation coefficients, and the appropriate values were set to > 0.98. The efficiency of the target
amplification was calculated based on the slopes of the calibration curves, and the efficiency was
confirmed to be 0.8-1.2 [73]. Quantitative evaluation of gene expression was analysed using the

27 24C method.

Table 3. Characteristics of primers and their amplicons.

. Tm value S PCR Amplicon
Primer sequence o Calibration curve - .
(°C) efficiency size
B-actin s 2
forward 5’-CTAAGGCCAACCGTGAAAAG-3 48.0 y=3.868l0g(x)+35.516 0514 104 bp
- 2 .

P-actin | 5, A CCAGAGGCATACAGGGACA-3" 50.0 (R™=0.989)

reverse

POMC s >

fomvard | 5 “CATTAGGCTTGGAGTAGGTC-3 48.0 y=—3.889l0g(x}H40.782

POMC (R*=0.997) 0.808 154 bp
5’-TCTTGACGATGGCGTTCTTG-3’ 48.0 ’

reverse

NPY 5’-GTGTGTTTGGGCATTCTG-3’ 44.2

It;(I)Ir’\gv(ard y:*3.5212521:00g(9);)8+)34.732 0.829 112 bp
5’-TTGATGTAGTGTCGCAGAGC-3’ 48.0 ’

reverse

[Stress Loading]

Mice were subjected to restraint stress for 15 min using a stress cage (Natsume Seisakusho Co.,

Ltd.) before starting inhalation.
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[Feeding test]

Feeding tests were performed according to the previous studies of Choi et al. (2011) and Miyoshi
et al. (2013) [10, 16]. Fragrant compounds and essential oils were dissolved in and diluted with
triethyl citrate (400 uL) and dropped onto four filter paper discs attached to the four corners of the
glass cage (30 cm % 60 cm x 34 cm; 61.2 L). The cage was filled with vaporised solution by
diffusion for 60 min. The fasted mice inhaled fragrances in the cage for 1 h before the end of the fast.
At the end of fast, the mice were taken from the glass cage and placed in plastic cages and then
given approximately 10 g of weighed standard pellet chow (Oriental Yeast). After 4 h of feeding,
they were removed from the plastic cages and the remaining pellets were weighed to calculate the
food intake. The control group inhaled air after placement of triethyl citrate in the cage. Ghrelin (rat),
a hormone that has an appetite-enhancing effect, was dissolved in saline (Otsuka Pharmaceutical)
and injected intraperitoneally (158 nmol/kg) [23] as a positive control 1 h before starting the feeding
test and saline was injected as a vehicle. Food intake was tested at various applied

dosages(7.4x107-7.4x107 mg/L) and periods of inhalation (5, 15, 30, and 60 min) of benzylacetone.
[Evaluation of weight gain caused by aroma compound administration over 14 days]

Daily administration was performed according to the study of Yamamoto et al. to investigate the
weight gain caused by administration of the aroma compounds once a day over 14 days [17]. The
triethyl citrate solution containing the aroma compounds (85 pL) was dropped onto a filter paper
disc attached to the upper wall of a plastic cage (13 L). Mice (n=5) were placed in the cage for 60
min after they and the pellet chow were weighed, and then returned to the colony cages. The first
day of exposure to the compounds was regarded as day 0, and the body weights of the mice were

recorded daily for 14 days.
[Evaluation of spontaneous motor activity]

In 1-hr test, each compound was dissolved in triethyl citrate (400 uL) and dropped onto four filter
paper disks attached to four corners of the glass cage (61.2 L). The vapour from the solution was
allowed to fill the cage by natural diffusion for 60 min. A mouse was then placed in the center of the
cage and monitored with a video camera for 60 min. The total spontaneous locomotor activity is the
area under the curve (4UC) which is calculated from a graph with time (min) on the x-axis, and the
y-axis was the number of times per 5 min the mouse crossed the lines drawn at 10 cm intervals on
the bottom of the cage. Most of the effective compounds showed a two-phase effect and the effects
at lower doses were considered as the true activity. This is because the mice displayed excited
activeties, such as jumping and rearing, at higher doses [4]. In 1-day test, compound was dissolved
in triethyl citrate (85 puL) dropped onto a filter paper disc were attached to the upper wall of the

plastic cage (13 L). Mice were placed in the cages for 60 min, and subsequently moved to colony
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cages containing Igloo Fast-Tracs running wheels with counters for mice (MK-713/CUO01;
Muromachi Kikai Co.). A single mouse was placed in each cage, and spontaneous locomotor activity

was measured by rotations of the running wheel.
[Distillation of materials and GC-GC/MS analysis]

Curry powder (37 g) and raw ginger (81.7 g) were hydrodistilled for 3 h using the clevenger-type
apparatus designated in the Japanese Pharmacopoeia 16th edition, and the distilled oil was captured
in hexane [74]. The essential oil was dried over anhydrous sodium sulphate and stored at —20°C

before analysis and animal experiments.

Qualitative analysis of the volatile components was performed by GC/MS (6850GC/5975MSD,
Agilent Technologies) under the following operating conditions: fused silica capillary column, DB-
Wax (Agilent Technologies), 60mx 0.25 mm, film thickness 0.25 pum; column temperature
programme for geranium essential oil: 60-210°C increasing at 3°C/min, holding at 210°C for 30min
[22]; column temperature programme for other essential oils: starting at 60C, holding at this
temperature for 4 min, and then increasing 2°C/min to 180°C, followed by 10°C/min to 200°C and
holding at this temperature for 30 min [75]; injector, 100°C; carrier gas, helium, 26 cm/min; split
ratio, 100:1; injection volume, 1 pL; ionisation energy, 70 eV. Quantitative analysis of volatile
components was performed by GC (G-5000, Hitachi) with an FID under the following operating
conditions: fused silica capillary column, InertCap-Wax (GL Sciences), 60mx 0.25 mm, film
thickness 0.25 pm; column temperature programme, same as for GC/MS; injector, 100°C; detector
for galangal, 250°C; detector for other materials, 220°C; carrier gas, helium, 0.8 cm/min; split ratio,
100:1; injection volume, 1 pL. The retention indices of the components were calculated on the
InertCap-Wax column using n-alkane standards. The compounds were identified by comparing the
fragmentation pattern of the mass spectra with those available from the National Institute of

Standards and Technology and flavors libraries. Quantitative analysis was achieved with an FID.
[Statistical analysis]

Results are presented as means + standard error of the mean (S.E.M). Statistical analyses were
performed by Dunnett’s test, two-way ANOVA and subsequent ¢-tests with Bonferroni testing for
multiple comparisons using GraphPad InStat (GraphPad Software Inc.) and R (R Development Core
Team, R Foundation for Statistical Computing). A probability level of p < 0.05 was considered

statistically significant.
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