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Abstract

Ginger, the rhizome of Zingiber officinale Roscoe (Zingiberaceae) which is a common
constituent of diets around the world, exhibits several pharmacological activities. Ginger has
been traditionally used from time immemorial for various human aliments worldwide, especially
to relieve stomach upset, diarrhea, and nausea. Some pungent constituents present in ginger
have been shown to produce potent anti-hyperactivity and anti-inflammatory activities on
airway. The present study was aimed to evaluate bronchodilatory activity of ginger oil and
identify its active compounds. Ginger oil was extracted by hydro-distillation. The compositions of
ginger oil were analyzed by gas chromatography and mass spectrometer (GC-MS). Citral
(62.4%), eucalyptol (6.9%), and camphene (4.6%) were found to be the major components.
The in vitro pharmacological study was conducted in isolated tracheal preparation of Wistar rat.
The tissue was suspended in organ bath to measure the isometric response, using Power Lab
electronic recorder. Ginger oil and citral, but not camphene, suppressed rat tracheal contraction
induced by 1 pM carbachol (CCh). Consistent with previous report, eucalyptol also showed a
relaxing effect on rat airway. However, the content of eucalyptol in ginger oil was relatively
low, therefore the contribution of eucalyptol to the bronchodilatory effect of ginger oil was small.
To elucidate the mechanisms responsible for the myorelaxing effect, verapamil (a Ca®* channel
blocker), propranolol (a B-adrenergic receptor antagonist), L-NAME (a NOS inhibitor) and
indomethacin (a COX inhibitor) were used to test the inhibitory effects of ginger oil and citral.
The results showed that both ginger oil and citral shifted concentration-response curve of Ca?*
in CCh-induced tracheal smooth muscle contraction towards right similar to verapamil (positive
control). Moreover, propranolol, but not L-NAME and indomethacin, inhibited bronchodilatory
effects of both ginger oil and citral. Taken together, the results suggested that ginger oil and
citral relax airway smooth muscle through Ca?* channel and B,-adrenergic receptor.

In conclusion, herein the brochodilatory effects of ginger oil and citral, its major active
ingredient have been demonstrated. The possible mechanisms underlying this relaxing effect

appeared to involve B,-adrenergic receptor stimulation and Ca?* channel blockade. This study



provides the pharmacological basis supporting therapeutic potential of Z. officinale rhizomes as

a bronchodilator.

Keywords:  Zingiber officinale, Ginger oil, Citral, Bronchodilation, B-adrenoceptor agonist,

Calcium antagonist
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ufilanvias iesRe JUaN foetage1ine uhianags Wudl wananniiussEuindn uilas
AawzuarUandaléisiag (Borrelli et al., 2004; Ghayur et al., 2005) #nAdaadignayedded
ﬂrj'qmmmmﬁmmﬁmLﬁmmm‘a@mqmﬁmme@i@meLﬁummimﬂmmmmﬁﬂafums@m

FUN196719T F9HNL @mmﬂ’ﬁf‘ummﬂmmmmﬂ%wmzﬁﬁfﬁ (Ernst and Pittler, 2000) #
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guufﬁqLﬂuﬂﬂﬁﬁwuuﬁﬂﬁqm%%a (Connell and McLachlan, 1972; Ghayur et al., 2005)
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ﬂ@iu‘ix‘iﬂwﬂﬂ\ﬁ\‘iﬁ?ﬂﬁ&W’Wﬂ@mﬂﬂﬁﬁﬂ@dﬁﬂﬁuﬁ@m‘ixmﬂﬁLﬂud%uﬂ‘i:ﬂﬂu?‘u%\‘i X
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F1ININBTABNYBIANSUANT side chain AN FN9TM (Shadmani et of., 2004) Tnenf
ansiszneuTunguaas shogaols %ﬁﬂf?iummgmﬁu 2 winapsansdsznauTungs gingerols
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2006) wenarniieRin1sisniuas Ul luenamnssunanimenuazielEluewgans-

1111® (aroma therapy) ¢l

ﬂ {fH
CH, : : c

CH CH. CH

H H

: C
e ’f.\'“c

CH. H

HO

[6]-Gingerol

- r. M, LH UH,
el T T ,P_/__.’I-" T P

[6]-Shogaol

g

gﬂﬁ 2.1 81598NONTAATYIB9AY (Shukla and Singh, 2007)



o

Tusuadaduntsunndinnsfnunduiufgnintandeineiaesds THud n1s
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(Chaiyakunapruk et dl., 2006) Twyvinusaifigaiuia1udsafinudnanisaaneinisnan (&
mﬁﬂm:ﬁumuﬂmqsﬁuﬁmﬁqﬁm%aﬁmgmﬁﬁﬁ@ﬂﬂfj’] 16 A9 (# (Saberi et al., 2013)
u@ﬂ@’]ﬂﬁ?uﬂ’]‘iﬂﬁ/ﬂ@’m%\igﬂﬂﬂﬂﬁ‘m@ﬁﬂﬂ‘iLﬁ@m@@ﬂLﬁ’rﬂ@’ﬂq@ﬁiﬁ%ﬂ%ﬁuﬁﬂ‘i Felxsunnssnin
TAnn1921 apolipoprotien E Taanudnnnstiasiunisianasaidenuiean plague 1w
Lﬁﬂﬁmﬁ’qu%{@mﬂﬁﬁ%m oxidation 289 low density lipoprotein (LDL) 4111191191428
macrophage (Fuhrman et al., 2000) %qﬁqﬁ@mmﬁﬁsﬁumiﬂﬂﬂmﬂﬁmzmﬂu 12 fudal
wazdy Tagwudnansusznaunan polyphenol fiaa [Fannuin@eannsa (Uann1svinana s
91NN1T  streptozotocin Tumyﬂ’m (Kazeem et al., 2013) LAZAADUATIHVDNFUBDUITNNTT
@189 hydrogen peroxide T4 (Rackova et af, 2013) @4lUndniiusinadunguniledals
31897497 gingerol Faduansusznaunan mlsannsaannisvinans lnennisdniizes
gentamicin  tiufinsuiulnesialdnansduuuafide gentamicin AelAnlnRnIsHEanIs
WA® oxidative stress WATAINE W (ALAANITHNLEL HAn19Ane1398 U aYuIN gingerol
AHITNAANTLUINNIT transcription B89 TNF-, IL-2 mRNA waz [FN-Y mRNA FaAenfinariy
A1THNELUATNTANLABITAA (H (Rodrigues et al., 2014) qw‘%ﬁ’mmﬁé’ﬂ IHULRTAAAITN
Lfsuﬂfmmﬁﬁﬁ%’umﬁﬁg@fiwNﬁwmmﬂmﬂuwgﬁué’m TPENaNITNARBI9INN1TEAFIS
[6]-gingerol L%mwﬁﬂﬁmLLﬂquﬁLﬁudﬁm‘m5zﬂmmﬁﬂmﬁmmmmﬁmuﬁmLﬁfmmwk&
ﬁtﬁ%ﬂﬂ’l‘jﬁﬂﬂ’l‘jﬂixﬁuﬂﬁé’ﬂL’m_l carrageenan  (Young et al., 2005) &% [6]-shogaol 4
diusnsuszneundndnaianisldegnnudiaansaduiiniaasnyreasaduifensiugon
uudl uazdslUiRngnizesans gemdtabine Tunnsdinuniadmiflasanlaalududsnig
Snaurn pathway 715 TLRANF-KB {iuganans (Zhou et dl., 2014) sinddansnanndiaz
Wﬂﬂﬂqu"ﬁiﬁm gingerol Tumﬁﬁmuu%qﬁLﬁmmﬂmﬁﬂﬁxé};mmaﬂﬁwmﬂ‘*mﬂ testosterone
Lﬁ"'fm’i?‘u’mﬂ@fﬂms@@ﬂqw"Emev‘hm‘aﬁﬂmTuLmﬁ LNCaP cell @alasiagasluumemss na
ANINARBITUNTIN 6]-gingerol FnsinTHimadfana1nfinni1smiguuy apoptosis taaiinas
downregulation 28911U5#1 Bcl-2 Ua survivin AauglUiunisifia upregulation 2241195 Bax
(Shukla and Singh, 2007) tunnsAnedaatuiusvinnimaseuTuszau in vivo Tmﬂsf%whsﬁu
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Tﬁﬁﬁmiwmﬂ@uLﬁ@@%uwﬂ@fﬂmﬁ@@ﬂqw%mﬁ%lﬁmf&'ﬂm [6]-gingerol, [8]-gingerol LAY
[6]-shogaol Gfum‘im’%mqw%ﬁ’umﬁﬂﬁzﬁu B—odrenergic receptor Wudﬁﬂﬁ‘i@@ﬂqwéﬂﬂﬁd
RN TRV CE phosphodiesterase type 4 WA cytoskeletal regulatory protein #19°
maluead (Townsend et dl., 2014) fialfiAnN19ARIERI28MRDARN WENAINTIMENATEE
wunasarindeeienmitiedisaangaduiinmadiuamaeniien corta fignnszdugag
phenylephrine Waz atropine W@m‘mmﬂmﬁguumﬂ qw%ﬂmﬂﬂﬁ’lmﬂ,ﬂﬁﬁm‘mﬁ@Lﬁﬂmﬂﬂ’ﬁ
N384 muscarinic receptor wazn19afi Co? channel (Ghayur et dl., 2005) gaving Und9e
nguiRsaiuil lHviiniameaaugnisesansainuIuea-11a nminiedanisnadanes
naeAANLAEA19YINN13ANE T lung slice ﬁm%mmwﬁué’ﬂﬁ wurjﬁqw’%ﬁmm‘mmﬁwm
néuip B Ufieadaeunislnfuees Ca® channel WWwAeai (Ghayur et al., 2008) F1NHA
NIRRT FTE AN ﬁﬁ?ﬁLﬁwﬁﬂgmﬁﬁi@u%ﬁmw‘ﬁqLﬁuﬁ%ﬁﬁﬂﬁﬁﬂmﬁﬂ
filalsavannan Wuussmiainisle uazl¥ussmiainismalasunludiealsaneudia
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1. ®5LAf
Citral (cis/trans), eucalyptol, camphene, carbachol, propranolol, L-NAME, hexane Uay

[

indomethacin A HNNSANYNAZasNLEEN Sigma-Aldrich  (a19g8183n1) NaCl, NaHCOs,

CaCly, KCI, NaH,PO,, MgSO, ua® glucose @a91nU3%% Carlo Erba (Bmna)

2. MU

W3 (egUazams 10-12  Rew) il wenAdeiidasnaneaialudineias
Fmdoupsmedin  nafgaiifedudiefinuefininlag Wi a3 gane uangy Ao
Angrans unnAnENdEnansay AadninfulEntesfiiniandeinet dninde

nenenans snianendamaluladgaud ((inngiaesiondn: Pharm-Chu-004)

Pharm-Chu-004

sUf 3.1 mdBedaating
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v
3. AISENNARINKIY
NAITIN R ARLA LRI aUE DN N FID N IR IAFILHILAZHIN R THASS

gavineuds il duguang udaihlunausosnn (water-distilation) # 80°C 1iuiaan

!
o A

8 L 1R (Hluvintsiuanmensindiaentgi@is anhydrous sodium sulfate a9l 1fiuT

!
Aa A a

Aructlaainaaomnil  4°C unInazinUyinnIananssia  Gavinazaia?iFeEesiiu

9 U

N1TRZAYUENT (stock solution) 2PIHNNNTIAD hexane AAITHNGW 1:1 ViV

4. mansrasaudulsenauutniuds
n19nsaaRaUYRnesansL AR IuaWUszn a2 TN F ne Mede gas
chromatography ka2 mass spectrometry (GC/MS; Model CP-3800-1200 L Quadrupole MS/MS)

1
o oAl

ARANIT FusNaaAe FactorFour capillary column VF-bms 2141 30 m x 2.25 mm; 0.25 uym)

Tnafifing helium iwdanndaeanmBa 0.7 mimin gomgRees injector winfu 250°C

v
=3 v o/

mumqmmgﬁﬂmmﬁmﬁﬂﬁ 40°C  fwaan 5 wiiineuusuliAngusassnst 4°C/min

UNTaTe 250°C 1AFBY spectrometer [HWUY electronionization (EI) mode lmal# ionization

energy Wil 70 eV #9N19ALNNALTENIN 35-400 amu A9LAEEY detector (37 1200V #ig

fm3159N196UNUA 0.5 sec per scan goamgRunasininlaasussdl 250°C n1sszyrinzes
a9 tne3suifiey mass spectra flAudesasa1n The National Institute of Standards and
Technology ~ (NIST) library %@éwﬁmé’wﬁﬁmw%@uﬁum‘%mﬁﬂ ATnTeReUEusiYinlae

= = L
Lﬂ‘iﬁULVlﬁUﬂUﬂ’I‘JNWGI‘iﬁ”I‘LA

5. NSNARBUGNENIANLINYT
5.1 andnaasy

NYAIRUG Wistar midn 230-380 n3H THna g uaRdIaand GULIGELNHG
AR LAZIVIA WIAS Nmf‘iwmﬁﬂmﬂﬂ@@qﬁuﬁ nsguaLarljuRAadnInARes
[ Yo & 1 a 2 o o/ 4 csi =
T RNe 9981099 04N 15 ARSI ARBILAS T ﬂﬁﬂ?@]ﬂﬁ‘iﬂﬂﬂﬂ@LLﬂ“ﬂﬂﬁ@uﬂLﬂ‘ierN@
AR LAZIVIA WIAS wﬁwmﬁﬂmmfﬂ@@qim% SINTNARNTNARB9D9LATINTG FSL
ﬂ’ﬁ%’mmLLéﬁqmﬂmmzﬂﬁumﬁﬁﬁﬁu@meﬁaf%éfméwmm Tmﬂéﬁﬁmmmm@{fummmu 2

finae Ydaedansnsueu W ANILaYaIMNTULLD ATy mqumwg:ﬂﬁm?ﬁfﬁ 250 + 0.5

°C ANHBUANANE 45-50% Winasadlaedadlaaautugosay 12 49lu9



1

5.2 N15LATLNARDARN

m‘sLmﬂm@mmﬂﬂmmmmmv‘hmﬁ%ﬂﬁﬁqmmmuﬁq (Evangelista et al.,
2007) fasia s mgmummmmﬁqamﬁmﬁ'mﬂﬁ:@ﬂm APVRBAANEANIINNILRATVIARD
WEvinmsaiieEefaaiunanaumng mﬂﬁ?uﬁmmumwmmﬁudws] usiazaIuasi
fnwoniiunamanlssnaudag 2 cartilage Faazyn W lHnsuaunanaaniinaunsne sy
2-3 RaANAT shusazasuaulUieasinm s 1wingey (organ bath) #W1AAINT 10
AnAAMT T9UT99ANTAZANY Kreb's (pH 7.4) AuANaomRtils 37°C uazWu carbogen
(Usznausing 0,=95% uar CO,=5%) AIIHAITRTANUARBANITNAREY FINUTLNBUYE
aaavany Kreb's Tuviviag mm usiasialuil: NaCl (120), NaHCOs (22), CaCl, (2.5), KCI (4.6),
NaH,PO, (1.2), MgSO, (1.2) uaz glucose (11.5) ﬂﬁiqﬂma@mamﬁﬁuwﬁQﬁummﬁm@"m a1
Andanenileradingy force transducer (Model MLT 1030/D, ADInstruments) ﬁqgﬂﬁ 3.2

n—> s []

Computer &
Power Lab

T
—

I

oo —
—,

Force
TRANSDUCER

;i o & % L-shaped brace

Pipette
37°C
Il Water

Chemicals <— 6\ 3
H H
Circulation

H H
H H
Kreb ‘s solution o 1 ¢ :
(Physical solution) ' %—r Rat Tracheal ring
L
O

(=)

GAS MIXTURE
(95% 03 + 5% CO;)

P 4 A o = 2 & P
gﬂ‘w 3.2 lﬂi'ﬂ\?“'ﬂ']ﬂu,sqm\idﬂ'ﬂﬂﬂ@'l“Luﬂﬂ@ﬂﬂﬂﬂwLLﬂﬂ@qﬂﬂqﬂﬂ'ﬂQWE%"q

(ARLasen Yildiz, Seyrek, and Gul, 2003)
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5.3 n1ssauAIraInd I aaaaas

WuwmsanaNfignAndeatia 52 udtezgnudeslidinganiisin (Aamds 1
A5 wsifuaan 30 wndnauEuinn1Teaes LL‘s\aﬁwmﬂﬁﬂmﬁ@gﬂﬁfmﬁfm isometric force
transducers LLﬁmeﬁiyiyﬁmfﬂﬂ’uﬁﬂ?sﬁ'mLﬂ%m Power Lab Chart recorder (Model ML866,
ADInstruments) &391nililinganiazUnfiud nasnanazgnnazdudan 1 uM carbachol (CCh)
carbachol Lﬁuﬂ’]‘ﬁﬂ@ﬂq%%ﬂ‘iﬁ@ju muscarinic receptor WUU{3HIRNNZIA1299 Ws9FaAnTWaN
A19N3EFag  carbachol @:T%Lﬁumjumuqu NRITINAINITNARBIES T WUARZNTNIARD

NRBAANIZGNANAINAITALANY Kreb's na18A3e] ay 15 Wil aunseyisussbienauding

k1]

anzUnAnauENiNN1TInaIASIsa (1

5.4 msﬁny'mmmaf:mvuﬁwi@nwnﬂm?ﬂmnﬂ@ﬂwwﬁgnnszéuﬁqﬂ carbachol
nisannazdudag carbachol FuNTINTIMARATEIIREARNASTTIANTLBNsa (1
w5 uf WAzt T i aadisdugarinadaud 0-1125 pgiml il dose
response curve AIRBUAUBIYBITHER BN IAsarasndNiiauaneAnd %n1snasa
LﬁﬂLﬁﬂUﬁuﬂ@lNWJU@Nﬁfﬁ@"lﬂﬂﬁ‘iﬂ‘i:ﬁé}:uﬁ‘m carbachol  HAdslFvaaaUn1snaUANBITEY
NRIAANFBRIVINAZAY hexane TirandindufeafiuTuasaraeinuds A 0.125% wudn

[P ! o/ v ¢dy 1 'Y A
TNNNﬂ@]ﬂﬂ’?‘i‘ﬁﬂﬁ]'}ﬂ@\‘iﬂﬂqﬂL‘H@‘W’N@W’NN AWLIRTYBINTITVIAND LLN@Q\E’JT‘LLEﬁW 3.3

- 30 fe 5 e 10 —
Time (Min)
Rat trachea CCh 1 uMm Wash
in (Contractile agent)
Kreb’s solution Ginger oil
0-1125 pg/ml

a ) ' SOJ LAY
EU‘VI 3.3 z‘ﬂLL‘U‘IJﬂ”Ii‘VIﬂ@’P]\?LWﬂﬁﬂi&l’]ﬂ’]iﬁl@ﬂﬂ“ﬂ\?ﬂﬂ\?ﬁ@ﬂﬂ@ﬂﬂﬂ%’]ﬂu’ll\‘i
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{ 30 Je— 5 —) 10 S
Time (Min)
Rat trachea CCh 1 uM Wash
in (Contractile agent)

Kreb'’s solution

P & a P 0 ¥ o o
31JV| 3.4 gﬂ LUUNITIONaN LW@'?Lﬂiﬁzmﬂ’lﬂ’liﬂﬂﬂqﬂﬁ?ﬂu’muﬂd

5 30 { 5 —l< 10 )
Time (Min)
Rat trachea CCh 1 uM Wash
in (Contractile agent)
Kreb's solution Citral
0-562 pg/ml

5% 3.5 gUuuuMsaaaINadtAs12yinT dose response curve 289 citral

a 'd 4’?3’4/444'0?3,:, &4 o
5.5 N5 RATIEININITEDNGNE [WHIN WISV NI INIBDITUUARILAT
g ¥ o a % % 4 o o
nnanessUNIaNsasngrsrasiniudlunisaaiesinresndniiladeuinlaeii
lafaannasnaniisaGiusswnanlluniuasaraty  Kreb’s wiu 30 writudatnirlidna
ANTNARIAQEY 1 UM carbachol HANIINNATNHBNAFIAITIUIN 5 UITLAIFTIFNEV1TALAE
WniB M Fanndadngadinedt 225 pgmi  dadiuaasdiniuiiviniiidanisdudenisme
§in71 50% (half-maximal inhibition concentration: ICs,) AMNIENTUFIN AT DY U AN
v v Ay a - o ! A @
ANindnensa1sUsEna v (fe1nn193iAsnsidiag GOMS waanudn Sdausznauiu

citral, eucalyptol L@ camphene Winfiu 140, 15, uay 10 pg/ml ATHAIAL FINUUTININIT
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ﬂi:Lﬁqu’%ﬂmﬂﬂﬁqmﬁmm citral, eucalyptol k@ camphene mnAHE T Aol
(;m«?i 3.4) LAYAINHANITNAADINUIN citral inarsnaniidasnalfiianisaanefnes
ndnmiile arniudainniaeaaugniaaendmiiiares cira RNANLADN dose response
curve WasAN 1Cs 284 citral TnsnnsnaaaufuaNdisiustous 0-562 ug/ml ANHNIINARDY
Gfugﬂ‘ﬁ 3.5

6. mfiﬁmslﬁﬂﬂ?ﬂmfiﬁfanqw‘éﬂmfﬁﬁu%qLmz citral Tunsaanaiaasniaiiadey
6.1 NAZEIRRHBIRE citral Sian1suARIrBIndNEaIAel calcium aedemTARTY
LALAIT 113

ﬂ’m/]mm‘umﬂafﬂﬂﬁi@@ﬂqwéﬂ@aﬁﬁﬁu"ﬁaLL@: dtral - dfignfinstunisdnannaas
wAABENaINNIeuenEadvEeld  vinlnenisianduusssrd A lindiusasuam s
NYUANEAATUNITADUAUD ﬁ@qm’%mmq (concentration-response relationship) Lﬁ,ﬂ@mm
mm@mgﬂﬂﬂumm:mﬁ Kreb’s #9998 NUANEN (U1K CaCl, A9 80 mM KCl 9a8f1L
ATSAN 1 MM EGTA) uAalRssinsTuds (12,5 pg/ml) wae citrdl (70 pg/ml) avtuansazans
ansAANA NN B uAA B s NN enad R AU AUTHeNn 0, 1.5, 2.5 uaz 5
mM m‘ivmﬂmﬁlsf% verapamil hydrochloride (10 uM) %ﬁﬂ@ﬂqwélﬁu calcium channel blocker

wnsHnsdaua citral Wil positive control n1spanuuunIsaasainliUfegUf 3.6

| ® Vehicle (Control)
1

i * 10 pM Verapamil

I *112.5 pug/ml Ginger oil

1* 70 pg/ml Citral

< 30 >|< 15 5|4 4 s« 4 e 4 4
Time (Min)
T 1 R
1 1 1 1
______ RV [P N
| 2+ HH 24 H
Rat trachea Ca™ free { CaT0SmM iy CaT25mM i | Ween
in Kreb’ s solution '____2___. _____ . F““I' _____ 1
1 + [] 1 2+
Kreb’s solution :_(_:f'__i'_s_rr'_l\{_: L_??__S_T_hf_j
CCh 1 uM

(Contractile agent)

a P . a1 < ¥ o a .
;J"IJ‘VI 3.6 E‘ULL‘iJ‘iJﬂ"ﬁ‘VIﬂ@@\?LWT’J‘VIG’INQUN’N‘ZIQQ calcium ﬂﬁﬂ%ﬂﬂl%ﬂ@ﬂﬂﬂ‘l’lﬁ‘ﬂ@\?%ﬁﬂ%ﬂ\?LL@% citral
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6.2 WAYBIN15A1Y B-adrenergic receptor d@qwﬁ};@7ﬂn57utﬁ%wmﬁ?ﬁuﬁmm
citral
unimasey mwLﬁm%’mﬁ:wfjfmqw‘%“nmﬁ/’]ﬁu%mm citral iU [3-adrenergic
receptor yinlpeunilededaaansdn B-adrenergic receptor Fefldadn propranolol (3 pM) 1w
A1 30 W ABUNITNTEAUAY T uM carbachol FnNEANNTuEY (12,5 pgiml) whe
citral (70 pg/m) astuansmagay Wisufisuiunanauauasaasiniiuag dtal Walign

[ ' 1% [ 1 ! @) (%
Uneag propranolol NBUNITYANTEAN TWNNANVBINTTUNRITAN Lﬂufﬂmqgﬂ 3.7

| 30 I ~ 30 |« 5 e 10 —

! I 1 1

CCh 1 uM Wash

Time (Min)

Rat trachea 3 UM Propranolol

(Contractile agent)

in

Kreb's solution

112.5 pgiml Ginger oil

or

70 pglml Citral

, : 4 ¥ o oo .
gﬂﬁ 3.7 g‘lJLUJUﬂ"li‘i’lﬂ@ﬂuﬁ'ﬂwﬂﬂﬂuw@ﬂ'ﬂd propranolol m'ﬂqﬂ%%ﬂquqﬂu?jﬂuﬂg citral

2 . . ' = 2 &
6.3 AAYBINT1ATH nitric oxide synthase bAz cyclooxygenase ABGNEARILNAININD
¥
ABIWINHIIUAE citral

< Lt oA v e . ¥ o o . o
LW@WﬂﬂﬂUﬂﬂrﬂﬂ”l‘iﬂﬂﬂQWﬁ%\iLﬂEITZIﬂGﬂ'LI nitric oxide YBANUINUIILAL citral NIN1G

(2
o o

Usieifiody L-NAME Sepangidudaianlad nitric oxide synthase (NOS) A9 niadis 100

HM 1473 15 WTINBuN19n3eAusag carbachol (Estrada-Soto et al., 2012) #96N15ANEIAN

< o

\figadiasiu prostaglandin vasAaNgnUafae indomethacin F9H gDy dvie o]

. v v [
cyclooxygenase fiAa1HtdNE W 10 uM 111981 30 U9 (Sydney de Sousa et al., 2010)
o % v v c&l @) P = a ¥ o a .
NRIIINNTNARIIINAITATEH A carbachol ASTLTNIIAT 5 W17 FaENNIUTIUAE citral
M UBNYIANEL VITUEIA eI UNITANE IHES 6.2 F9a12a9n1sAneIfeafiu nitric oxide

WAz cyclooxygenase pathway tiulufsgu 3.8 uaz 3.9 mnasy
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| - 30 - < 15 - sle— 5 —< 10 - 1
Time (Min)
Rat trachea 100 M L-NAME CCh 1 uM Wash
in (Contractile agent)

Kreb's solution

112.5 pg/ml Ginger ail
or
70 ug/ml Citral

. : 4 ¥ o o .
5U71 3.8 sUuuuMARBINENANBUNAZEY L-NAME dagquniaasiiduisuag citral

e - 30 - } =27 BEEO" %< |5 10 —
Time (Min)
Rat trachea 10 pM Indomethacin CCh 1 uM Wash
in (Contractile agent)

Kreb's solution

112.5 pa/ml Ginger oil

or

70 pg/ml Citral

. : 4 ¥ oo .
Eﬂﬁ 3.9 31]LLU‘Uﬂ"iV]ﬂﬂ'ﬂﬁlﬁ'ﬂV]ﬂﬂﬂuN@?J'ﬂ\‘] indomethacin m'ﬂqw%ﬂ'ﬂﬂu’]“uﬂ\ulﬂz citral

7. ANSTIASIERNNERR
. o e XY ©
‘?Jm;lﬂwfmmm’]m ﬂummmmm@ﬁumﬂm mean + standard error of mean
(S.EM) A1 ICsp 2BNATTHNT nugdeArnndintiuesasfivinsiAantsnadazesndnnile
vasnanAndn  50% weennsneuaNDIgegaiansysuiion carbachol  A9UWAY ECs, Lin
v v { Q‘Q/ 5 v 3 1 U
AN N BIaNT e N VBT U INAYBIANINTZHWAY 50% YA ICsy WA ECsy WWANIS

ANHANRINNTIN semi-logarithmic plots megghmiqmm ug/ml
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ABneadRilinaseuANuAnsnnsiinyalunsAnund Aa Student’s paired t-tests
AENARIUNBULATNAINTT ¥a1T @94 one—way andlysis of variance (ANOVA) mudiag

Student-Newman-Keuls comparison test Mnaaauansuansinsszndnngs Taeldlisunssy

° ®

&115931 SPSS version 18 Tn1shATzd ArHuANANTIRAN p<0.05 TiTunamiludadud

4 =y

dayaiinnuuansseteldedAgyneati



=h.
I

un

HANISI98

4.1 srsilsznautusindids
sidsfiadaFanisnausaeideliannisfnundidnuos indndessend

nAURY U3sN0d yield AiardalFilszinms 0.13% (wiw) WieuBeuifisuaunpsui Fiudoya
NIST liorary wWudnlsznaudnganssnuaunnn  usdnedindninlunisdnmiansninggium
WRsuifey meAduadsiaeiaannsgudmu tuusnugeiiganyinniaeudon e
ﬂﬂﬂ%mmﬁﬁﬂ@ﬁuﬁﬂﬁu@ﬂ Fesznaudaaans 3 ¥in As citral, eucdlyptol WAy camphene
WaTilHaNNANSTIATIEAdae GOMS (U7 4.1) vinliinaudn ditral Wiuanstszneundn Tas
FHoAmaoatn % wlawudn sdefidauaznoudn dial g 62.4% uazil euclyptol
LAY camphene BF 6.9% UAY 4.6% PWMEWL dnfiwAedn 26.1% uanandalHl

a o

Argniudgadnduansniinla luenuaaes

Couxd (A) Ginger oil Citral (Cis/Trans)

Camphene

05 Eucalyptol

0 04 il ll A ; A e § J‘L A ll.Ll sonkiac].

Count 3

(B) Standard
5004

5003 Camphene
4003
3003 Eucalyptol Citral (Cis/Trans)

2007

|
[t N —— J gl S . R TR

minses

H @ ¥ o a a oy
FU# 4.1 asaffidiudaulsesnauTuktiudsainnisiasieisias GC-MS (A) chromatogram 710

N3 WaE (B) chromatogram AATAINNENTHAFE
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CH, (B) CHj
CHO
X X
CHO
CHs H3C CH3
CHj
%
CH,
O
CH,
- CH3
3C CHs

(A)
@)

HC
( (D)

H

SU# 4.2 TassaE19nnasaRiaasmsUse nauRanZewu Tuunauas (A) Geranial (trans—citral %3a citral
A); (B) Neral (cis—citral %% citral B) [ﬁuwmgﬂ: Dudai et al., 2000]; (C) 1,8-cinecle %28 eucalyptol
[#i4198971): Rodenak Kladniew et al., 2014] ua¥ (D) DL-camphene (* wiseifla chiral centers) [x728y

7U: Lee, Chiu, Lee, and Lee, 2014]

safilsngtugUit 4.2A uay 4.28 azwinda ditral (3,7-dimethyl-2,6-octadiendl) 1w
linear monoterpene fiusznauldag geometric isomers 2 LU TuA trans-citral v38 citral
A Teefizadaniiiu@eiiasdn geranial daudnlalumesniadn ds-citral ¥3a citral B %8

v 1

%991 neral  @mnsanulelmuasvivaesiaiiluindensumneidudandseneu i
ﬁu’[ Waneri@ (Dudai et al., 2000; Dudai, Weinstein, Krup, Rabinski, and Ofir, 2005)
wanann citral udalugUil 4.2 fauanslaseadneues eucalyptol (51 4.2C) uay camphene

(30 4.2D) finuTwsinihi@iedng

¥ o a ] s 2 Z a o 2 2
4.2 Nﬂ‘ll’ﬂ\‘i%”lﬂu‘ll\‘lGl’ﬂﬂ’li‘viﬂﬁl’nl’ﬂ\‘iﬂﬂﬁﬁdLuﬂLiﬁlUﬂﬂ’ﬂﬂ@N‘ﬂﬂﬂﬂizﬁguﬂ’Jﬂ carbachol
2 v & v 8 oA A £ o ¥ v g a
NZ\]ﬂ"l‘i‘l’lG]@ﬂd@"lﬂﬂ’]‘iﬁﬂ‘]sl’muﬂﬂﬁéf‘ﬁLﬁu’]'ﬁuﬂﬂuﬂﬂﬂﬂﬂﬁﬂ"liﬁﬂ@’mL‘li’ﬂL‘iil‘Ll"ﬁl@d

o/ o/ z:l v Y A o Y 1 A o L) o/
‘Vi'&ﬂﬂ'&Nﬂﬂ’]ﬂmﬂ%@ﬁ@’]ﬂﬂﬂ‘it(ﬂiﬁﬂLﬂ@lﬂ’]‘j‘iﬂﬂ@nﬂfm carbachol BENHUHYNIATY (p<0.05)
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U7l 43A  wameBiinensseuausssantsfudinisadarnsiasnanpsiaety
prsdiadugous  0-1125  pg/ml grsaanesandsilaGuresindd@adnly oo
158747 concentration-dependent (U1 4.3B) MAINITATHITINUINAT 1Csp FBINTHDTIYIN
WiAnnsaanesaresndniilenaananyind 120 + 17 ugiml fadelfiinnismaaausioin
% % = o/ dl k2 %/ o/ 1 [P=) dl o/
azangaHdniufaiuiiidunisasaend@mud  gnafuulasnamasaes

AAHIHBIEHUNAIYNNTEFUAIY carbacol

(A) Control (B)
120

P .’WW -
,_/ 100 1
4 Ginger0il 22.5 ng/ml
80 -
NWWV
/ 60 A

40

(-mnel 0il 112.5 pg/ml

% Contraction

20 A

.7

Glnoel 0il 225 pg/ml

=20 -

/‘,’\%\v\“ ) > 3 X
. Log [Ginger oil] pg/ml

0.04¢]

—
L0 min

dl a‘ 2 dy a %/ VU a . v dy =t 1
5UN 4.3 gEaaenfIulaFauaaeNidluds (A) Tracdng WEAYNITAIUANBIIBINANIHBIE UM
WIAUTS (B) NI MNUAAIAITNANNRE2BINITABUAUDINLUAITN I NI UADIUINNTS (concentration—

response curve) A T‘D’?u‘iﬂ B Ao % ﬂ’ﬁ‘iﬂ@WVJLNEILWEIUﬂUﬂ"I‘i‘iﬂG"IWQLﬁ]N‘WﬁN\‘iﬂﬂﬂ‘j @]uﬂ’]?_l carbachol (1

) Tae Tl lF5Us1B fin ICsy 2B9KT B TR MandlivindL 120 + 17 pgml (0 = 5-8)

< 2 g a ¥ oo a

4.3 asaangusaaandiadaulusingtuie
HANNINARBI LT 4.4 uaeslAiutonarnanB@eluaun 225 pgiml dvintiifn
ANIARYFIDENENY IO IHBNAFDUNNITADUAUBIYBINABARNALY  citral 2U1A 140 ug/ml

Faflupanudinduyinduiifag anfddiaonudindu 225 ugml wudnansadugenisnn
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FAANaNAn 23.7 + 9.9% (p<0.05) FAIUNITNANALFAY eucalyptol HWLHAYTIN eucalyptol
dudautszneutuhidaies 6.9% audinduzes eucalyptol THA1snAResiFawindy
16 ug/ml Wil Wud eucalyptol AANITNARIIBINATHIHAIEEUNADAANAIAAD 79.8 +

6.7% BelTTRaAN TR uarAsTiulFengUfl 4.4 camphene Twawam 10 pg/ml B

1 [ dl ) I ¥ o A [P=0 1 o/ v dy
winduiiudoudsznauluinidslinasaniamadoaasndiniia

140 - — -
CCh =1 pM Carbachol
G.oil = 225 png/ml Ginger oil
Ci = 140 ng/ml Citral
120 Eu = 16 pg/ml Eucalytol
Cam = 10 pg/ml Camphene
100 -
=
S 0
—
<
~
£ 60 -
=
S
40 -
e *
g |
20 -
*
0 — I 7
CC(\ s 6‘\ O @o C’&
.20 -

gﬂﬁ 4.4 narpsansysznaulunnuisdaniaaingasndanE e e uraanan HasannFinsnguae
(225 pg/ml), citral (140 pg/ml) way eucalyptol (16 pg/ml) A UBIVARBINLG NTNAFIAIMAD ~1.5 +
115, 23.7 + 9.9 Uaz 79.8 + 6.7% pwdFLIafsufUNguATIAN (102.9 + 3.7%) snvanadafiiAn
INN9AN camphene (10 pg/ml) Winfiu 109.5 + 17.5% Anfinamalunaiduen mean + SEM.

*0p<0.05 (n = 5-8)

g et z / -
4.4 qEeas citral Twnsdudinisuadszasndsiiataunannan
desanuanismeansluiie 4.3 wudn ctral iwansesngronanzesiiiiie A9l
ynnavnassieAnunaes dtral Twarsdndugngg saniamasnusmanaan TugUi

v @ 1 . v v o 1
4.5 LLNW\?T‘ML'Vi‘léﬁ\‘lN@ﬂ"l‘i@]ﬂﬂﬂuﬂﬂ"ﬂﬂ\‘i‘ifi@ﬂﬂﬂﬂWﬂ citral THﬂQWNL"ZIN?I‘HWQLLW 0-562 pg/ml
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=

nsffuslannsvasaresaananes citral WuuuuAEendn concentration-dependent fashion
AN 1Cao TiFManAlFYINGL 110 £ 9 pg/ml

120 -
100 A
80 -
60 -
40 +

20 A

% Contraction

-20 -

1 ' 2 ' 3
Log [Citral] pg/ml

[ ¥ 1
sU#l 4.5 AreneuANBITBINAINLanaaaansa citral Amdnduees citral #il¥atiszning 0-562
Hg/ml AINNNTAUINLANAT ECs, 289 citral Winfiu 110 £ 9 ug/ml Avnnsnasinfiuans iunganiduei

mean = S.EM. (n = 6)

4.5 NARBIRTNBILAE citral ABANSINGTNABY Ca®* channel
NNIANENATBINNTIEIUAY citral #BNN3VIN9IHEDY Ca®* channel ¥inlagAnundnawa
rasuAaIBunnenaniradionIaadaeaendnuidodouduandiusui 4.6 A3
concentration-response FANULANLEYNATYUAN FARIENAIUA AN N W 0-5 mM
verapamil (10 uM) ﬁsﬁ%ﬁu positive control %é’uﬁgqm‘sﬁwmﬂm calcium channel vinT%
AT BILARE NN EHE N ARABN19VAGAIBINE e anas axinlEdniainids
waz citral ¥inTingnasdu AR Fenanainaen iUnnemanguiea iy verapamil A1 ECs
284 CaCl, DA I AFITEUN DTN 2.4 + 0.2 MM agaii ECs 2849 CaCl, oy
WEBNAUUNTUDY (112.5 pg/ml) wae ditral (70 pg/ml) RnZLT1 4.3 0.2 UAz 6.6 + 1.1

mM ANATy TunTeiees verapamil WUANAT ECs, 289 CaCly WRNIW 6.5 + 1.4 mM
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120 -

100 -

80 4
- Vehicle (Control)

60 - _
4 10pM Verapamil

40 - : .
-k 112.5 pg/ml Ginger oil

2o Contraction

20 4 .
- 70 ng/ml Citral

=20 -

Log[Ca*]mM

. 9
sU#1 4.6 N5 concentration-response MNUARIEHNNHUBNIAARADNITHARIVBINRNLTHD
WABARN NITNANNANRWEIARER LN dendnuie [F5uniaundag verapamil $15T8e uay citral
AIWIIIAN ECsy 989 CaCl, BusfiFansauwingl 2.4 + 0.2 MM 204sdt ECoy 989 CaCl, tiiatinndan
iU verapamil (10 M) Wshide (1125 ug/ml) wag citral (70 pg/ml) Winfiu 6.5 + 1.4, 4.3 + 0.2 UAY 6.6

+ 1.1 MM AANAISL ATinaneTun s mABAT mean + S.EM. *p<0.05 (n = 5-8)

o 14 %/ @ a
4.6 HR2BILHIU B-adrenergic receptor HANEARILNAININDVBININRTIUAE
citral

¥
o/ o

U7l 4.7 uaeeBnBwazes propranolol lan1aARILFNYBIAAaNIEE [H5UNNTHE
way ctral  wudinsUsiladienanaansiay  propranolol azvinldgrAaanANIHe B
PEIVINHINUTY (1125 pg/ml) waz citral (70 pg/ml) aRaIBNRRHEIAYNINETR (p<0.05)
4 1% ~ % o o A Ay ¥ o o a

WinlAenniflatn@ag propranolol nManAsnaaInasHe H5utTugafnen 66.1 £ 4.0
i 83.5 + 4.9% anuzfinnanadaesnduiieAlF5y citral 1AN9IN 75.3 + 3.7% to 104.7

+ 6.0%
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CCh =1 uM  Carbachol

G.oill = 112.5 pg/ml Ginger oil
Ci =70 ng/ml Citral
120 - PP =3 M Propranolol

% %

100 4

80 A

60 1

40 A

% Contraction

20 A

CCJV 6\\ 6§ C\ xc;\

o & &

. . Y y
sUfl 4.7 wawaswdinl B-adrenergic receptor sBgNEARIANAINIHBTBNNNEMTIIARE citral
Lﬂ%ﬂﬂLﬁﬂUﬂW%ﬂﬂﬂﬁ/’]ﬁu@ﬂ (112.5 pg/ml) waz citral (70 pg/ml) senaananszidneifiuas (M8 propranolol
(3 uM) ndsangnnszduliinadagiag carbachol (1 M) W1 propranolol Yinliangvisaatasanansile
Beuppaindideuay ctral [ethefiieddamieadn ArfinanstunsmAsal mean + S.EM.

*p<0.05 (n = 5-8) WeuAUNgN1TUAY WAz **p<0.05 WaufungH citral (n = 5-8)

4.7 na2BIENSEUES NOS si@qw%fﬂmﬁnﬁwLf‘i’mmﬁ’ﬁﬁuﬁmaz citral
mmﬁwmm(’fugﬂﬁ 4.8 mesﬁﬁLﬁudmw’%ﬂmﬁqﬁu’%Lmzmiﬂﬂﬂqw’%ﬁhﬁm%m
U nitric oxide W9A1 L-NAME TaiiAsnudasnvsresiainifibuag ciral Tunngdids
nanAsaTaIndnNieasnaned il s Ay et (p>0.05) N1FABUAUDIUDY
napAaNde L-NAME ndsaingnnaznliinadagiag carbachol udalFsusindudedie 73.9 +
9.6% (ANFNAIIHSU L-NAME Fig 68.9 + 9.6%) Toziin1INaLARBITBINADARNAD L
NAME nddanngnnazsutimasiagiag carbachol u&1(#51 citral Aa 64.6 + 11.4% (aniANi

TT85U L-NAME #ia 70.7 + 7.5%)



CCh =1 pM Carbachol
120 4 G ooil = 112.5 ng/ml Ginger oil
1 70 pg/ml Citral

100 pM L-NAME

Z.
n

100 4

80 4

40 1

/

% Contraction

1 ¥ ' ¥ %/ v a . ! <
sU7 4.8 wAPBIRITHULS NOS sagniaaundtaiidarassindudsuas citral WalFuuiieugns
299UTUT9 (125 pg/ml) Uaz citral (70 pg/ml) senasnanszninsfiduaz [l L-NAME (100 pM)
wasangnnszdulinasiafiag carbachol (1 uM) wudn L-NAME TrifnasiegrisaanesanfailaBGeunes

1B uae citral agailadndey FnfiuaastunsmAssn mean + S.EM. p>0.05 (n = 5-8)

4.8 naRBINTSEUS COX Giﬂﬂ‘l’léﬂﬂﬂﬁlﬂﬁﬁadLﬁ’ﬂﬂﬁﬁﬁ’ﬂﬁuﬁ\‘umz citral
NANTNARBIIABANET COX pathway LuluTwinuaaiendy NOS pathway 1ngui
49 uansliwdngrisesiiduar diral Tunnsaanedesndmifiadeunannantl
{fAendiaaiy prostaglandin WBeaan indomethacin faJmz‘“iﬂw,l,ﬂmqw’%ﬂ’uégamwmﬁwmﬁgq
Wsh@euaz ctral  egneiiiadAynead® (0>0.05) N1TADURUBNUDIVADAANFD
indomethacin n&ssngnnazdtinadagian carbachol udalHsUMEHIsAD 68.2 + 15.0%
(@MANAGITHSY indomethacin fia 56.1 + 4.5%) oEfin19RBUAWEILEINADAANSE
indomethacin asaIngnnszdnldnasiafiag carbachol udaldsy citral Ao 66.4 + 8.7%

(ANANT N IFSY indomethacin A 72.0 + 6.2%)
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CCh =1 pM  Carbachol
120 - G.oil = 112.5 pg/ml Ginger oil
C1 =70 pg/ml  Citral
In = 10 pM  Indomethacin
100 -+
80 A
=
=
=
=
‘:_v. 60 A I
A
=
=
O 40
o
S
20 4
0 -
o N D
C}C oe‘ o
O
&

' ¥ L4 4 %/ v a . ! <
517 4.9 naPaIRTsHULS COX dagniaaiandtniiiazasdninduas citral Wel3suifiaugnizes

VW@ (12,5 pg/ml) wae citral (70 pgiml) siaviaaaanszninefifiuaz il indomethacin (10 uM) Wasan

gnnszfulivasingiag carbachol (1 uM) wudn indomethacin (Hilnasagrsnatefandnmile Bauaes

k)
v

WThBauay citral adnefiieddey Afiuanating nFadn mean + S.EM. p>0.05 (n = 5-8)



=b.
o

un

a‘gﬂ LAZDAUSTIYNANITNIARDI

maltaadaifuendneilaanedanderaduiFuanumileaninide  Tudies
FnnnsdnenlsafiAeafussuuna@uenng (Apariman et al., 2006; Willetts et af., 2003;
Yamahara et al., 1989) dsanaIusulafie (Ghayur et al., 2005) uarlfufiUinandniay
(Altman and  Marcussen, 2001) finsAnunAdeidaaduntsimindideuntilugauaiga
(aromatherapy) ieinnnssnema@sntunIsUssmenn1sUanen (Yip and Tam, 2008)
uazBeflaftansyinlinngnaanusiaagannin1sLantszdiien (Buddhakada et af, 2008)
senaInT LT saienUAseuaz e andssaasndmidenaeaanens
vyp1al#f (Ghayur and Gilani, 2007) wudNBsaHNTnAAAIH{AINNNTgNNTZARLATNIS
vinanelaseaEraaiannan (Aimbire et al, 2007; Kuo, Hsu, Huang, Tsai, and Ko, 2011) #
n9A9e e dnudlsaansnannisiiusiaramasnan ufilaslsaveuiin (Rouhi et dl,
2006)  nisAneAdeiiadingUszssidnanmAngIunAnenman i uann s
YenEnaanaNIasANLeaITRanag Yt IsAaEiarasndIiaEaLaBRaN 599
aunpnalnnspangyivsemasnansdsnantusziuliana

andoyai Finiameunduudn wudrdansiiinanuszneuraniniuieg)
Wnndn 60 ¥ila  asdaulnajamdnansuszneunan monoterpenoid  agelafinny
ANUENaLLDIMTHINTIR T 89NN AT Tisine e s st sznauaes monoterpenoid
uansiulUTuagiuanmiiuazaninAuinaanafiugn (Gupta et al, 2011; Sasidharan,
Venugopal, and Menon, 2011) a1ndtAg1e3fiag GC/MS Tunsfnenadefinudn asuszney
wan B AiarialFAe ditral, eucalyptol uaz camphene Lﬁ@Lﬂ%ﬂULﬁﬂUMﬂTML@q@ﬁu
gdioyaann NIST lbrary wudndsfianatsznendi o firanisaidnhendu o-pinene,
B-phellandrene waz zingiberene Rt UTifseeuei g uaflusunaredndias
snnarandlnsEsuieuduaannnsgmdaet GOMS wudn diral inansiszneud
fannfigaluintideiianinlFainenaded Aawuds 62.4%

flane9uivnnsnndrAvenees ciral waneaznns gy qissdeuUATlEEua
Fa9n qvisguNes  qvisFuBanii uazavdsnuilosan (Dudal et al, 2000; Farah,

Trimble, Ndebele, and Mawson, 2010; Rodov, Ben-Yehoshua, Fang, Kim, and Ashkenazi,
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1995; Somolinos, Garcia, Condén, Mackey, and Pagan, 2010) usiagnelsinnslsimes
FIENINTVLILVADARNDY citral HINBUNTINT
Tun19a§adldvinnranasaugnisasaatsndiasasinfuduas dal u
vasnaNTiLNe 1NN IIBIn TR linasiafagan1anszéu muscarinic receptor ifiEadn
carbachol  FAeTIARIHANNTUT 4.3 uaz 4.4 nan1aaaesE AIfiudiedTuduay it
fusin1amafiremanRaNstednE e Ai3endn dose-dependent Iaaiiialdiniidatuanan
225 pg/ml azyinlAifinnnsnauauasgegn usiilald citral inanadindu 140 pg/ml ol
Aa ¥ o o = @ = = P A A 1% !
gwafiflag il naananfinisaaaftasmaanNRIwingy 25 % Wefauiungs
AauANT [HSUN1anazdusian carbachol uilalisuanslag  waniavaassuuzdninesd
a15UznauduluiN N daevintinasnanAa1e@a (§ 1@ eucalyptol 9789114910
AT AUNULA eucalyptol A1H15ATUTINITNAFI2BINABAAN [F LAgfiAT ECs, 1Ty
408.9 pg/ml (Nascimento et al., 2009) azLfindnArsanagandIaaNdinduaas eucalyptol
dudaudszneuluiiiudeiiadsa (f lunnsfnunil Gavindy 16 pg/ml Winsu aeaadediu
HANINARBN NIUT 4.4 FeliFinanuansead il ddny iugriaanendnuieses
eucalyptol 91nNN3ANEHBUNEINgVBENTLEs NS ARNESaraIn A iierasnaLAn
. [ o = [ 2 & ] ¥ o d' o ¥ =
911 citral LlRANNLAZH eucalyptol LUHAIAIY FasingansTurenssmefiaia (danniy
Artemisia maritima L. 89Wu 318 eucalyptol 1udqauisznauils 40% (Shah et al., 2011)
v & A 7 P Y ¥ o A o
sarifanudululfidnanseangninaniunisssnenasaanainindunenssveiainen
Nyafiatinaziinann eucalyptol umnan
faqiiunissisasuinsintidugsneilsaniadsniesaanasaan Fsuaas
anlaanninddevialan fivanuneenlunismianseangrsuarnalnnisasngrsie 1§

< o ' @ ! YR % ¥ ¥
ﬂﬁﬂqﬁq‘WﬁﬂﬁqﬁVI@’ﬂﬂﬂNﬂﬂﬂ@qq Tmﬂﬂfafﬂﬂ’]@ﬂ@ﬂfafﬂmﬂ’]‘jﬂﬂ’??_lmfm’mﬂﬂ’mL‘ﬁ’ﬂ Sey

199aanaNinalnaidsy fe n1ansedu [B,-adrenergic receptor (Delmotte, Ressmeyer,
Bai, and Sanderson, 2010) uazn58usa cholinergic pathway sanmile [annsiunisnas
CREREEY fia%199790 4 endothelium 121 nitric oxide (Munokata et al, 1990) LA ¢
prostaglandin (Ismailoglu, Sahin-Erdemli, Sungur, and Ilhan, 2004) ﬁﬂ“@ﬁmumuammwm

[

o/ v § % o A Q‘
LL'ZQZﬂZQ’]EIWQ"Uﬂ\‘]ﬂ@"INLﬁﬂL%ﬁUTﬂ ‘Hﬂf}@?_lV"I‘H‘W‘LIﬂ@\fﬂﬂ"l‘j’rﬂﬂﬂi‘mﬁﬁﬂ’]ﬂ‘iﬂ'ZQ’EI@‘I@S\I?.I@QNHHTW?
ueiadnfineinniangzdu [B,-adrenergic receptor (Chaudhary et af., 2012) uazfiudy
cholinoceptor 4AHALUNITTANH calcium channel (Khan and Gilani, 2009) 1ana1114% Sydney

de Sousa UazAME (de Sousa et al., 2010) FINLINYNTVLNLNABARNVBINTUNBN TN
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AfAAINaTITUNY (Mentha piverita) \figndpsriunisUanaans prostaglandin E2 WA nitric
oxide BBNXN191N endothelium cells

Carbachol Gepanguavinlindmiflonasnaunadaifinainnianazdiu My muscarinic
receptor (Janbaz et al., 2013) ﬂﬂiﬂ‘i:@ju M5 receptor %\‘i u G-protein coupled receptor 9%
Aatifinnianszduanles phospholipase C dunaliazsiu IP; Rndn udalunszdnlida
ANTMAT calcium 910 sarcoplasmic reticulum (SR) @Wﬂﬁuﬁdﬁfﬂﬂ‘i:ﬁﬂﬁﬁ@ Ca?* influx 970
nausngadudalinTiAan19vasaresndinie Buy (Pereira, Marques, Sudo, Kaplan,
and Zapata-Sudo, 2013) Ca®* asnsadinginad (Hlnsaasgammmaanidusdieion Ae L-
type voltage-operated calcium channels Lae receptor-operated cation channels (Ersoy et al.,

2008:; Pereira et al., 2013) 1luflgansyuiudnaadans Ca? channel a18190%a8911 15

1
¥ =

‘Vi'&ﬂﬂﬂﬂﬂﬂ’mm'ﬁ@l L‘W@ﬁﬂ‘i&l"Iﬂ@Tﬂﬂ”ﬁﬂ@ﬂq%ﬁﬂﬂﬁu’]ﬂuﬂﬁ?ﬂﬂ’]‘jﬂ@’mG]Qﬂﬂ’]?nl HalEFsey

v
v AR

189naanaN N19398iA9(AAnnTH Ca® channel blocker, [B-adrenergic receptor antagonist

anafiusaen il NOS wazanasusseulnd cox Wnasasialunisfneimnifiaadasiu

Ca** channel, Bz—adrenergic receptor, nitric oxide Wa¥ prostaglandin ATHAFL

[
g o

Verapamil 7 [ Tun1sfnuniieangnatiafu L-type voltage-operated Ca®* channel
wUDUEedw (competitive antagonist) Verapamil 4afiuansunnsgnuililiunisnaasaiie

Anwama niigadnsaes Co® channel 189813619 9 (Fleckenstein, 1977) wann157i 1%

o

aSu1efe il competitive antagonist agidagddudasl¥arnndinduaes agonist iRNNN

U
1

=

FuiaAANanaLaUaIWiNAY Faa157 1 competitive antagonist a¥%i1%¥in59W dose-
L " . Jox 4 4 o 4

response curve 2849 agonist LA [UN1929M88  ECso 289 agonist axtiNAuE afisuiuiie
= o . [ o X |21 d' £ & ey .

g competitive antagonist mqﬂu‘*ﬂ’mﬂumem‘zwmﬂqwmﬂu noncompetitive antagonist

S9u88 9N lHHaneUaNBIaARd i1 ziiNAINdindued agonist N1nZuwinlafiny

MUNTENRITIA ECp axmafin BanddefalinaaauanudnluFaesidiuday citral 7

o
Lo o

8199288nqnsHUds Ca® channel wudiafnu1iuTvEe dtral Iugnamassy namw

dose—response curve 484 Ca®* WABNILUNINTNEE UWAYAN ECsp 289 CaZ W RNTW wanaln

s
a )l

Windmdudseangrizgisasnandnalnniseangnadauniafineinnisdugs Co®

P= U @ £
channel Tags citral Lﬂumi@ﬂﬂqm

anfimengniiiin B,-adrenoceptor agonist siufingnfilanlsnuiainisnasnan
fulufiaalsaneufmifiasentduszaniaimunissnend (Ge, Dai, Wan, Liu, and Mei,

dl . % o £ o/ .. 3
2013) LB B2—odrenerg|c receptor gﬂﬂ‘iuqu%wﬁﬂimu adenylyl cyclase activity 2BNLERN

2
=

T danalhsziy cAMP nnalwaadgeduuasz lunszduianlesd protein kinase A (PKA)
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aaa a

Uffzann1siung waana i target protein nanasgnanislusadainnisvinauees
PKA sanaliAnnisaanesnzasndsiotey SndsaiasEvinnismaasuaamiiululs
ﬁﬁﬂﬁuﬁq%ﬁﬂ?ﬁLﬁmmimmgﬁqmﬂmﬁﬂﬁzﬁu B,-adrenergic pathway w91 propranolol
%@ﬂﬂﬂqwélﬁu B-adrenergic antagonist ﬁuﬁgﬁqwéﬂﬂﬂﬂﬁQﬂﬂdﬁﬂﬁuﬁdLL@: citral  WAN1T
npaesHtuHzdEvin livaanauaaedalasdamilsiinazsin B,-adrenoceptor Taadl
citral \{iuansennems

sinAdawudngnfioangndifiu Ca? channel blocker f1lalumisaiiionfifliami
Lﬁ'mﬁ”‘um’mﬁmﬂﬂﬁﬂmmmmﬁﬁm’mTwiﬂ?}Qﬂizéju (Janbaz, Nisar, Ashraf, and Qadir,
2012) uazfisindqunanenguAnufqnizenenanaaxIBsaITatAINRTLATNIAReN
TR Ca?* channel FapeN9LEy &N3ERARILIHYINLBAYBY Amaranthus spinsus SUSIN5
nasaaemanaannsAfeLdanazdudon carbachol TaevinT# Ca?* concentration response
curves tAReuRUN A EWLA BT Y diliazem (Ca®* channel blocker) fiamenefians Ao

1
o v A | =<

: o . ¢ £ P
inAdednngunilanudnansainennils Amaranthus spinsus eengnilaanszdu .-
adrenergic receptor 9aHAUNT9TANY calcium channel (Tiwari, Dwivedi, and Kakkar, 2010)
o = o £ ¥ o A A GE aov & P \fn 2

NIUBIALINUONTIDIHINUTITIND (191973988 wazide (duiunnll Janbaz uazAtie
(Janbaz et al., 2013) 31841UINENTARAATN Tephrosia purpurea Linn. N1 IHMABARNYB
nazaaaatesaFluanynzideaiunisld veropamil naslAsuni1snszdulinadadiog
carbochol uazsiaagnagavinefia ansafinenn Fumaria parvifiara VinTAnasaaniin3esann
NYRTNIURLANNTEFEARIEAUAAIINNITTANK calcium channel WA muscarinic receptor

' o/

39HNU (Najeeb ur, Bashir, Al-Rehaily, and Gilani, 2012) Tunsediea ciral u@ﬂmﬂqw"ﬁf%

a o . 1% [y .. TP S A
nM3DAfM calcium channel w&q MBHIN My muscarinic receptor fitfiugnnalnuilefifiaay

Wl TSigunn nalnssnaniiinasidfinisaaavsa (Uluauan

a A Q‘ ¥

wananaziinansdsznaunanfigaeyinfindudelgnbrenenasnanuda citral 89

|
= a v

grnudnfusiseangnd huldunensaneanieindndag fanemda dial u
A9uUsznNeaUNAN (81.9%) 289N unDNszTiatnlEann Pectis brevipedunculata ua e
Wud’]ﬂﬂﬂqw%{% ol sfuds co® influx K voltage—dependent L-type Ca?* channels
(Pereira et af,, 2013) TwyiusaiRaafufifianaeindn citral indaulsznaunaneasingu
WaNTMLAIN Cymboagon citratus dlavinnisnaseuiunansieBeuesiasnaan aorta
vaanyr1n wudinlinaandennatsdia gavinedunimassugniasendiiiedoy
199 citral T fleum ALENAINNEIBINTZFNENUINAAFINNITHEN Ca® influx LB (Devi,

Sim, and Ismail, 2011)
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Fuiteansuiuialudnansfingdeaenuianni epithelium faausifgysanisma
LaTARIE 289N &1HLHa ey (Butler, Adler, Evans, Morgan, and Szarek, 1987) AA1H
aNAATENINNITEI NI AsRIaInaERiAnNd Ay dnatiendanisauazaanada
ﬂ@am@mﬂmmawq:@ﬂwéq nitric oxide (Buga, Gold, Wood, Chaudhuri, and Ignarro, 1989;
Nijkamp, van der Linde, and Folkerts, 1993) W& ¥ prostaglandins (Farmer, Hay, Raeburn, and
Fedan, 1987; Tschirhart, Frossard, Bertrand, and Landry, 1987) “17?@ nitric oxide WR¥ guanylyl
cyclase Fodn target molecule 284 nitric oxide FonulilundruileBeussinannan &
unumandnined 198 ol uusreaasAnenuLaznansinen (Hamad, Range, Holland, and
Knox, 1999) Tumsuazdmd nitric oxide aaNgMIvEENABARH (Belvisi et al, 1992) 1
ftlaeifnugAui (allergic rhinitis) wazijtaslaanauiin saamafiasififommisladuan
Wlsmfiaatuniadumnelean i WUL9FU nitric oxide AN (Sydney de Sousa et al.,
2010) WodnianfiunalnfisnsniainetsUsuanmnimadaremanaaniAugund
faneanuuniindnansfinssduenlzd NOS intinduledauramaananaatesa (jioma,
Challiss, and Boyle, 1995; Lin et al., 2006; Nakahara et al., 2002)

nszuannIssnEUfigadasiuanawiisaunnntusenie TeaduainnisUass
a19H9fuTiiZedn arachidonic acid Lﬁﬂﬂ%wﬂﬂ‘iﬂ’gjw prostaglandins TAgn19vi 19112 84
e osT cyclooxygenase (COX) uUsznaUdaY 1anlws] COX-1 WAy COX-2 1anlzd COX-2
dulanauimsnavassndndniaungud (ldasasans (non-steroidal anti-inflammatory

] =

drugs; NSAIDs) 4190189z finfiaaugunisasneenlysd Cox-1 uanspanagialulunn
Haidle dandnfianuannisaing Cox-2 tazuansaanuanefiinisdniauuaznisviians
\wad (Janbaz et al., 2012) a19na12 {891 prostaglandins ﬁuﬁUWUﬂwﬁﬂﬁfyTum‘iﬂ'm@N
n9ruINNIiIHIesINnes a1z nAuaEwaNBanIw (Narumiya, Sugimoto, and
Ushikubi, 1999)  prostaglandin E, (PGE,) %qLﬁuwﬁﬁuﬂm%ﬂﬂ@qmimju5gﬂwud’]ﬂ%’m

warUaasaanui191n epithelial cells 2a9naasiunalanslundtiilaidaunas parenchyma

£ o '

cells fiqnasinliinn1saanasia (Ersoy et al, 2008) qnBFInaaIingINNI5NIHM EP,
receptor Forfin G-protein coupled receptor %3# Gs protein #9Ha HLAANITARILFI2D
n&N3LHAIEY (Penn and Benovic, 2008) ¥iauauAigariy nitric oxide 5261 PGE, QAN
walundnaifladeuuash fibroblast dleafinnssniaunsen @adn PGE, {1 prostanoid 7
ﬁmﬁ’nﬁ?umiﬂﬂﬁmﬁmﬁ'ﬂ@iwj a9 aAunas e (Profita et al, 2003; Taha et af.,

2000)
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n1sUniedovnsaananfioy L-NAME Geaangnddugainnled nitric oxide
synthase (Hinansznudagnszesdtdnudsuay dtral TunisvinTindmiileSeuans
NABARNARIYF HAEITRAUNITUNALY indomethacin Besiugaianlesl cyclooxygenase
Alvinldguinisaanesvesnituilenasaan lneWniiluas ctral Waswuas e
HANIINARBIRINAIUEAS IAANINgNE AR anENHe B aupsintu@auas citral Wl
A S .
WIYINUNITUARN nitric oxide WAL prostaglandins

£ . Ad e e . o Py
ﬂﬂ\fﬂﬂ’]‘jﬂ’rﬂﬂi]ﬂﬁ?lﬂ\‘i citral YIAYYBINY nitric oxide Gfum‘mmgmﬂﬂwmmwfm

2
=

neAdeiifansuandisainnalnniseangniees cra dendiiedeurasdiliign
934 ileum TlugNeINNNEIB9NTEANefilFaINTIesuaEn WnAdaungunudigniaaada
nEnuile Bauaes dtral SaiuansuszneunanTuils Cymbopogon citratus avanaeiinyx
Haidorandan L-NAME (Devi et al, 2011) upnannindafsesmunalnnisesngmses
citral fienTsnANieBeuramiaenden corta 41 citral vinlirasadeaesnefadiaseany
ANAFABAN191971U YA nitric oxide/cGMP (Pereira et al., 2013; Devi et al., 2011) A3
wandweradululidnnalnnimauazaanedaraendsie Beuidudaulssnauly
Hadafisnsiuanaaziinnuuandwiilussaziden waznalnnisaauauilidunalnngn
g19a: [l mflauianun

donlunsdians COX pathway WudIWa28Y citral FaNdNHDEEL2BARDARNES (F
FnenATEfiaNAdeATTUNaYa ciral efiuansaangni inRedudu C ditratus
a‘i‘lm‘s‘mmqu%ﬂﬁﬂﬁﬁﬂﬂzjuﬁmﬂ citral Teifinasia COX pathway ieasann indomethacin Tais
HANTINUFBNNEIEY ciral fani1sAaTEAaIadduRDn corta uBNaINNIBYDIMYYIY
(Devi et al,, 2011) A157 indomethacin TefinasianNEN1sAaEFTaINANHanaanaND1a
Tl Tqn unnsinemaassianisesnuuulddananalu early-phase response ws
UNUM989 prostaglandin sBafieadiesiiu late-phase response IudAsy (Holgate, Church,
and Lichtenstein, 2006) W‘Ll’J"]TuﬁfN‘iﬂﬁd"ﬂ’ﬂdﬂ’?‘ﬂﬁﬂﬂﬁﬁ?jﬂ’]"ﬂT‘NT‘M%@Uﬁﬂﬂfﬂ%ﬂﬁuﬂﬁ‘j
snauandnnfiunumannndilugasusn ffaueuidn dra Fadusnsusznaundntu ¢
citratus Tﬁqw’%ﬁmmié’ﬂ wulme T ifieadasiunisadneans cytokines il transcription
factor NF-KB Tagvinn1snaasaiy macrophage ﬁfﬁ@’m‘lfl‘g} (Bachiega and Sforcin, 2011;
Tamaoki, Nakata, Kawatani, Tagaya, and Nagai, 2000) é'f\‘lﬁ?uﬂﬂfﬂﬂ’]‘mfrﬂﬂqw"ﬁf"ﬂmﬁ’]ﬁu@d
meﬁﬂﬂﬂqw‘é citral T14%99 late-phase response 289lsAnauiindanasaziisunisinun
s (1
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Tned citral \inansepngnindn guisenanaineinnisnszdu [B,-adrenergic receptor
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The extract of ginger, the rhizomes of Zingiber officinale Roscoe (Zingiberaceae), has been
reported to possess anti-hyperactivity and anti-inflammation on airway. The present study
described brochodilatory activity of ginger oil and identified its active compound. Ginger oil
was extracted by hydro-distillation. The compositions of ginger oil were analyzed by gas
chromatography and mass spectrometer. Citral, eucalyptol and camphene were found to be

Keywords: the major components. Ginger oil and citral, but not camphene, suppressed rat tracheal

G.i“g'ef oil ) contraction induced by carbachol (CCh). Consistent with previous report, eucalyptol showed a

?rtlgzi)er officinale relaxing effect on rat airway. Since the content of eucalyptol in ginger oil was relatively low,
itra

the contribution of eucalyptol to the bronchodilatory effect of ginger oil was small. To elucidate
the mechanisms responsible for the myorelaxing effect, propranolol (a 3-adrenergic receptor
antagonist), indomethacin (a COX inhibitor) and L-NAME (a NOS inhibitor) were used to block
the inhibitory effects of ginger oil and citral. It was found that propranolol, but not indomethacin
and L-NAME, reversed bronchodilatory effects of both ginger oil and citral, suggesting that a
possible mechanism involved (-adrenergic receptor. This study provides the pharmacological
basis supporting the therapeutic potential of Z. officinale rhizomes as a bronchodilator.

© 2013 Elsevier B.V. All rights reserved.

Bronchodilation
3-Adrenoceptor

1. Introduction reported that ginger reduced the symptoms, such as

nocturnal cough and dyspnea in asthmatic patients [7]. Its
hydroethanolic extract has been shown to inhibit airway
hyperreactivity and lung inflammation [8,9]. The inhibitory
effects of aqueous and methanolic crude extracts of ginger on
tracheal smooth muscle were described [10]; however, the

Ginger is a popular name of the rhizomes of Zingiber
officinale Roscoe (Zingiberaceae) which is distributed world-
wide particularly in Asia. In addition to being extensively
used as spices in food and drinks, ginger has been employed

as an alternative medicine around the world for treatment
of gastrointestinal tract disorders, including dyspepsia, in-
digestion, diarrhea, motion sickness and nausea related to
pregnancy, surgery or chemotherapy [1-3]. Recently, ginger
has received increasing attention due to its pharmacological
activities such as blood pressure lowering, pain-killing and
uterine smooth muscle relaxing effects [4-6]. It has been

Abbreviations: CCh, carbachol; COX, cyclooxygenase; GC/MS, gas chro-
matography and mass spectrometry; L-NAME, N,,-nitro-L-arginine methyl
ester; NOS, nitric oxide synthase.
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effects of ginger oil and its active compounds on airway
smooth muscle have never been reported. The aim of this
study is to investigate the effect of ginger oil on tracheal
smooth muscle in vitro and to identify the compounds
responsible for this activity. The possible mechanisms of
action were also elucidated.

2. Materials and methods
2.1. Chemicals

Citral (cis/trans), eucalyptol, camphene, carbachol, pro-
pranolol, L-NAME and indomethacin were purchased from
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Sigma-Aldrich (USA). NaCl, NaHCOs, CaCl,, KCI, NaH,POy,,
MgS0, and glucose were purchased from Carlo Erba (Italy).

2.2. Plant material and oil extract

Fresh rhizomes of Z. officinale (at 10 months of age) were
collected from local markets in Muang district, Nakhon
Ratchasima province, Thailand. The plant sample was
identified at the Forest Herbarium of Thailand and con-
firmed by Dr. Surapon Saensouk, a plant taxonomist from
Mahasarakham University. The specimen has been kept at the
School of Biology, Institute of Science, Suranaree University of
Technology. The voucher specimen number is Pharm-Chu-004.

Prior to the distillation procedure, unpeeled rhizomes
were washed and chopped into small pieces. The sample was
put into extract apparatus and subjected to hydro-distillation
for 8 h at 80 °C. The obtained ginger oil was dried over
anhydrous sodium sulfate and then kept in tightly sealed
containers at 4 °C for subsequent experiments. The yield of
ginger oil was 0.13% (w/w). A stock solution was obtained by
dissolving small aliquots of ginger oil in hexane (1:1 v/v).

2.3. Determination of constituents of ginger oil by GC/MS

Ginger oil was analyzed chemically by gas chromatography
and mass spectrometry (GC/MS; Model CP-3800-1200L
Quadrupole MS/MS). Briefly, compounds were separated
on a FactorFour capillary column VF-5ms (30 m x 2.25 mm;
0.25 pm) using the carrier gas helium (0.7 ml/min). The injector
temperature was 250 °C and the column temperature was
maintained at 40 °C for 5 min and then programmed at4 °C/min
to 250 °C. The spectrometers were operated in electron-
ionization (EI) mode at 70 eV ionization energy, the scan range
was 35-400 amu. The detector was set as fixed voltage at 1200 V
and the scan rate was 0.5 s per scan. The ionization source
temperature was 250 °C. The identification of the major
compounds was performed by comparing their mass spectra
with the NIST library available in the instrument and confirmed
by comparing with standards.

2.4. Rat tracheal preparation and contractility measurements in
vitro

Male Wistar rats, weighing 230-380 g, were used in this
study. The experiments performed on rats were conducted in
accordance with the current ethical principles and guidelines
for the care and use of research animals of the Institutional
Animal Care and Use Committee, National Research Council
of Thailand, under our local institutional approval.

Rat trachea was prepared according to method previously
described [11]. Rats were sacrificed by cervical dislocation.
The trachea was carefully dissected and cleaned of external
connective tissue and then cut into several two-cartilage
segments. Each tracheal segment was mounted vertically in
an organ bath (10 ml capacity) containing Krebs solution
(37 °C pH 7.4) and aerated with carbogen (0, 95% and CO,
5%). The compositions of Krebs solution (mM) were: NaCl
120; NaHCOs 22; CaCl, 2.5; KCl 4.6; NaH,PO4 1.2; MgS04 1.2
and glucose 11.5 (pH 7.4). One end of the tracheal ring was
tied by a fine cotton thread to a hook at the bottom of the
bath and the other to a force transducer (Force Transducer

Model MLT 1030/D, ADI Instruments). Tissues were mounted
under an initial resting tension of 1 g and left to equilibrate
for a period of 30 min before starting the experimental
protocol. Tension changes were recorded using isometric
force transducers connected to a Power Lab Chart recorder
(Model ML866, ADI Instruments). After the equilibration
period, control contractions were induced by adding 1 uM
carbachol (CCh), a non-selective muscarinic receptor agonist,
to the organ bath. When two successive control contractions
showed similar amplitude, preparations were considered to
be equilibrated. The CCh-induced contraction was used as
reference for maximal percentage response. The contractile
amplitude was measured at the peak deflection.

2.5. Study on the effect of ginger oil on CCh-induced contraction

A tracheal segment was incubated in Krebs solution and
equilibrated for 30 min. Tracheal contractions were induced by
CCh (1 uM). Once sustained contractions elicited by CCh were
established, ginger oil (22.5-1125 pg/ml final concentration)
was added to obtain the dose response curve. The responses
were expressed as percent reduction of the CCh-induced
tracheal contraction. Control experiments were performed
with the vehicle (0.125% hexane) which showed no effect on
tracheal contraction.

2.6. Determination of active ingredients of ginger oil on the
relaxing effect

To examine the compounds responsible for the myorelaxant
effect of ginger oil, tracheal preparations were treated with
ginger oil (225 pg/ml) and its major constituents, namely citral
(140 pg/ml), eucalyptol (15 pg/ml) and camphene (10 pg/ml)
for 10 min after a stable response to CCh-induced contraction
were achieved. Reduction of contraction was recorded during
the last 5-min period. In the parallel control experiments, the
effects of the solvent vehicle on the contraction of the trachea
were also tested.

2.7. Study on the effect of 3-adrenergic antagonist, NOS and COX
inhibitors on the relaxation produced by ginger oil and citral

To examine the possible mechanism of tracheal relaxant
effect of ginger oil, the tracheal strips were pretreated with
3 UM propranolol (a B-adrenergic blocker), 100 uM L-NAME
(a nitric oxide synthase (NOS) inhibitor) and10 uM indo-
methacin (a cyclooxygenase (COX) inhibitor) prior to CCh for
an appropriate period of time in accordance with previous
reports [12-14]. After sustained CCh-induced contraction,
ginger oil or citral was added into the organ bath. Changes
of contraction force were recorded over the same period as
described in the previous section.

2.8. Statistical analysis

Data are expressed as mean + standard error of mean
(S.E.M). Maximal contraction after each concentration of ginger
oil was used to construct a concentration-response curve. It
was expressed as the percentage of control contraction evoked
by CCh. The ECso, defined as the concentration (in pg/ml) of
ginger oil at which the maximal CCh-induced contraction was
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inhibited by 50%, was calculated by interpolation from
semi-logarithmic plots, and expressed as means + S.E.M. The
significance (p < 0.05) of the results was assessed by Student's
paired t-test and one-way analysis of variance (ANOVA),
followed by Student-Newman-Keuls comparison test.

3. Results and discussion

In recent years, ginger rhizomes have been increasingly
used as alternative medicine in several ailments such as
gastrointestinal tract disorders, hypertension, inflammation
and pain. Ginger oil is one of several essential oils that have
been used in aromatherapy as an alternative treatment for
short-term knee pain relief [15]. In terms of the respiratory
system, ginger has been reported to relax rat tracheal smooth
muscle [10], reduce rat airway hyperreactivity and remodeling
[8,9] and relieve bronchospasm in asthmatic patients [7]. In the
present study, we first reported the in vitro myorelaxant
properties of ginger oil in rat isolated trachea contracted with
the muscarinic agonist carbachol. Fig. 1 showed that ginger
oil (22.5-1125 pg/ml) inhibited the contractile responses
induced by CCh (1 pM) in a concentration-dependent manner
(p < 0.05). The ECso value for ginger oil-induced relaxation
was 120 4 17 pg/ml. Vehicle (the same concentrations used
to dissolve ginger oil) produced no significant change in
CCh-induced contraction (data not shown).

More than sixty constituents in ginger oil have been
identified and are mostly monoterpenoids. However, the
contents previously reported of these monoterpenoids
varied presumably due to the difference in cultivated places
[16,17]. In this study, the results from GC/MS analysis (Fig. 2)
revealed that citral was the major component in our ginger
oil preparation. It was found that ginger oil was composed of
(values in % of oil weight) citral (cis/trans) 62.4, eucalyptol
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6.9, and camphene 4.6, as its major constituents. The
remaining (26.1%) were unidentified chemicals. It should
be noted that a number of compounds, such as a-pinene
(RT = 12.96 min), B-phellandrene (RT = 22.82 min) and
zingiberene (RT = 47.41 min) were also detected in our
ginger oil preparation based on the data from the NIST
library. However, due to our limitation to obtain standards,
only three major compounds with high possibility of being
the active ingredients were identified and quantified. As
shown in Fig. 3, citral (3,7-dimethyl-2,6-octadienal) is a
linear monoterpene with two geometric isomers — geranial
(trans-citral or citral A) and neral (cis-citral or citral B)
which is also present in the essential oil of several other
aromatic plants [18,19]. The pharmacological activities of
citral such as bactericide, fungicide, insecticide, antihista-
mine, and anti-tumor agent have been reported [19-23];
however its bronchodilatory activity has never been de-
scribed. Our results showed that citral was responsible for
the airway relaxing effect of ginger oil whereas camphene
did not alter the contraction induced by carbachol. The ECsq
of citral on carbachol-induced rat tracheal contraction was
110 + 9 pg/ml (n = 6). As shown in Fig. 4, ginger oil at
225 pg/ml practically abolished the CCh-evoked tracheal
contraction; and 140 pg/ml citral (the concentration corre-
sponding to its content in ginger oil used) reduced the
contraction to 23.7 £ 9.9% of control (p < 0.05). In the case
of eucalyptol (1,8-cineole), its inhibitory effect on rat airway
smooth muscle has been observed; however, the ECso from
previous report was 408.9 pg/ml [24] which was much
higher than its content in ginger oil. The concentration of
ginger oil required for 100% airway relaxation (225 pg/ml)
contained only 16 pg/ml of eucalyptol. At this concentration,
eucalyptol reduced the amplitude of tracheal contraction (to
79.8 £ 6.7%), but not significantly (Fig. 4). When treated

2 ' 3 ' a
Log[Ginger oil|pg/ml

Fig. 1. Tracings demonstrating effect (A) and concentration-response curve (B) of ginger oil on rat tracheal contraction induced by CCh. Values in panel B were
expressed as % of contractions produced by CCh (1 pM) in the absence of ginger oil and vertical bars indicate S.E.M. The ginger oil at 225 ug/ml produced 100%

relaxation and the calculated ECso was 120 + 17 pug/ml. *p < 0.05 (n = 6).
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Fig. 2. Chemical compositions of ginger oil.

with the mixture of citral and eucalyptol, tracheal prepara-
tions were more relaxed than when treated with either citral
or eucalyptol alone (data not shown). The essential oil
extracted from Artemisia maritima L. has been found to
contain about 40% of eucalyptol [25]. It is likely that
eucalyptol could be one of the major active compounds for

CHO

NS

CHO

X
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Fig. 3. Chemical structure of cis- and trans-citral.
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Fig. 4. Myorelaxing effects of ginger oil and its major compositions. Ginger
oil (225 pg/ml), citral (140 pg/ml), eucalyptol (16 pg/ml) and camphene
(10 pg/ml) were added on the plateau of a steady sustained contraction
elicited by CCh (1 puM) in isolated rat trachea. Ginger oil, citral and eucalyptol
reduced the amplitude of tracheal contraction to — 1.5 4 11.5,23.7 4+ 9.9 and
79.8 + 6.7%, respectively compared to control (102.9 + 3.7%). In contrast,
camphene did not affect rat tracheal smooth muscle contraction as the
amplitude was 109.5 + 17.5%. Results are reported as mean 4 S.E.M. *p < 0.05
(n = 5-8).
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the bronchodilatory activity of the essential oil extract from
A. maritima.

Currently, the use of medicinal plants for bronchodilatory
effects has received increasing attention from researchers.
Both active ingredients and mechanisms of action underlying
the antispasmodic and bronchodilatory activities have been
studied. It is well known that the relaxation of respiratory
smooth muscle is caused by two crucial mechanisms which
are the activation of PB,-adrenergic receptor [26] and the
release of endothelium-derived relaxant factors such as nitric
oxide [27] and prostaglandins [28]. Mechanisms that have
been reported to participate in the bronchodilatory action
of medicinal plants include Pj-adrenergic receptor [14],
cholinomimetic pathways and blockade of calcium channel
[29]. Moreover, de Sousa and colleagues [30] have found the
participation of prostaglandin E; and nitric oxide in the relaxant
effect of Mentha piperita essential oil. In order to assess the
possible mechanisms underlying the bronchodilatory activities
of ginger oil and citral, their inhibitory effects were studied in the
presence of B-adrenergic receptor antagonist, COX and NOS
inhibitors. It was found that only propranolol reversed the
inhibitory effects of ginger oil and citral on airway contraction
induced by carbachol, whereas indomethacin and L-NAME were
ineffective. It is widely known that stimulation of (3;-adrenergic
receptor by agonist leads to an increase of adenylyl cyclase
activity, thus resulting in an increase of intracellular cAMP levels.
The traditional mechanism for cAMP action is via the stimulation
of protein kinase A to phosphorylate a variety of target proteins
to induce airway smooth muscle cell relaxation. When
pre-incubated with propranolol, the relaxing effects of ginger
oil (112.5 pg/ml) and citral (70 pg/ml, concentration corre-
sponding to its content in ginger oil used) were significantly
reduced (p < 0.05). Propranolol reversed the bronchodilatory
effects of ginger oil and citral on CCh-induced tracheal
contraction from 66.1 + 4.0 to 83.5 4+ 4.9% and 75.3 + 3.7%
to 104.7 & 6.0%, respectively (Fig. 5A). Contrary to the anti-
inflammatory effect on lung of the hydroalcoholic extract of
Z. officinale rhizomes [8], the relaxing effect of ginger oil in this
study was not related to prostaglandins or nitric oxide because
indomethacin and L-NAME did not significantly alter the
inhibitory effects of ginger oil and citral (p > 0.05). In Fig. 5B,
the contraction responses to CCh in the presence of ginger oil
with and without L-NAME were 73.9 4+ 9.6% and 68.9 4 9.6%,
whereas those of citral were 70.7 & 7.5 and 64.6 + 11.4%,
respectively. When pre-incubated with indomethacin (Fig. 5C),
the CCh-induced tracheal contraction in the presence of ginger
oil and citral were 68.2 + 15.0% (control = 56.1 4+ 4.5%) and
66.4 + 8.7% (control = 72.0 4 6.2%), respectively. These re-
sults indicated that the myorelaxing effect of ginger oil was
mediated through [-adrenergic receptor and citral was most

Fig. 5. Effects of 3-adrenergic receptor antagonist, COX and NOS inhibitors
on bronchodilatory activity of ginger oil and citral. The effects of ginger oil
(112.5 ug/ml) and citral (70 pug/ml) were evaluated in the presence of
propranolol (3 uM; for 30 min) on sustained contraction elicited by CCh
(1 uM) in isolated rat trachea (A). Propranolol significantly reversed the
inhibitory effects of ginger oil and citral. However, pre-incubation with
L-NAME at 100 puM for 15 min (B) and indomethacin at 10 pM for 30 min (C)
did not significantly alter the relaxation of tracheal smooth muscle rings
induced by ginger oil and citral. Data are reported as mean + S.E.M. *p < 0.05
(n = 5-8) compared to ginger oil group; and **p <0.05 compared to citral
group (n = 5-8).

likely the major active compound. However, eucalyptol and
some of other unidentified constituents may also partly
contribute to the bronchodilatory effect of ginger oil.
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In conclusion, the brochodilatory effects of ginger oil and
citral, its major active ingredient, were reported. The possible
mechanism underlying this relaxing effect appeared to involve
[>,-adrenergic receptor. This study provides the pharmacolog-
ical basis supporting therapeutic potential of Z. officinale
rhizomes as a bronchodilator.
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