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Abstract

The liver specific cytochrome P450 2A6 and the lung-specific 2A13 enzyme has been shown to
associate with smoking behavior and adenocarcinoma lung cancer rate in smokers. Therefore, inhibition of
these two enzymes by specific inhibitor could be an aid in smoking cession and lung cancer prevention. Our
preliminary studied indicated that the ginger and starfruits juices could potently inhibit the CYP2A6 and
CYP2A13 enzyme. In this study, both plant extracts could inhibit both enzymes in an irreversible mode in which
the inhibition depends on the NADPH-, time-, and concentration of inhibitor. Ethyl acetate fraction of starfruits
extract could inhibit CYP2A6 and CYP2A13 enzymes with an IC, of 8.82+ 0.23 ug/ml and 20.44 + 0.16 ug/ml,
respectively. Similarly, the ethyl acetate fraction of the ginger extract could inhibit CYP2A6 and CYP2A13

enzymes with an IC, of 1.80% 0.07ug/ml and 11.81+ 0.18 ug/ml, respectively.
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Niled (Averrhoa carambola Linn) @1:nsaguganisnianuaeaianbasd CYP2A6 18D 90 % dalungiadaadl

$78918IINU A9 1UNgHN Furanocoumarin WA Y Flavonoid (L4 gallic acid, catechin, (-)-epicatechain,
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N1SULE maaﬂLLazﬂﬁiﬁﬁu?qwémﬂaLaulmﬁ cytochrome P450 reductase (CPR), cytochrome P450 2A6
(CYP2A6) waztawladsd cytochrome P450 2A13 (CYP2A13)

Tnevinnsiaesidaunafide Escherichia coli aneviug C41 (DE3) ilAFun1sdsriumanaiin DNA Ry
NADPH-cytocheome P450 reductase (pINIll-flrat CPR 1&5uann Prof. Dr. Jung-Ja Kim @10 Medical College of
Wisconsin) waziaulail CYP2A6 Basnda E. coli aneug XL-1 blue TAFun1sdeiIuna1ain cDNA A
CYP2AG (PKKK-A-23-2A6) sifaianlasl CYP2A13 fneida E. coll aneniiuf XL-1 blue 7il4Unnsdarinu cDNA 7
1 CYP2A13 (pKKK-A-23-2A13 1#5ua1n Assoc. Prof. Dr. Emily Scott a1n University of Kansus)

f«mmfumﬂmﬁﬁmﬂmm@@nl,mxﬁm?qm%rl,@u”lsnﬂ ratCPR, CYP2A6 Laz CYP2A13 (Pouyfung et al.,
2014) LL@W?Q"‘«J@@UM’mu??zﬁqwqﬁrﬁfm?fﬁ Sodium Dodecy! Sulphate-Polyacrylamide Gel Electrophoresis (SDS-
PAGE)
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vaanlosd CYP2A6 9138 CYP2A13 (100 pg/mL) sanfuiewlasd rat CPR (10 unit) luasazane 100 mM

K-Pi buffer pH 7.4 91 Dilaurolphatidyl-choline (DLPC) i 13ngnuundiiasiiluiegn 5 uiil tANa13635iu 20 uM
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(7-hydroxycoumarin) @aifluljiseniseandiaduaedienlas] CYP2A6 visa CYP2A13 lun1sidanisiauataes

o o

gnsiafuliliflunandmsilunaeanaaas (In vitro reconstitution assay system) A28LATaY fluorescence
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spectroscopy A1 emission wavelength LLALAN excitation wavelength A 460 nm Laz 355 nm muanau 1
19487 15 W7 AFIAAaLAAIRaNAIART TuTaaean 180 A7 taanTmasesALANAANEINAAULTREINNg
a51aNanA e WalsAannsaliiaiannsaw NADPH vizatawlad rat CPR visalaulmd CYP2A6 laevianuaniinig
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4. ManAgaUANNEINITa lunTtusaau Dl rat CPR 1a98198nAdauazNziWas
nnisdnewlod rat CPR $auriu 50 pM cytochrome ¢ wRatnganiuansanawsazasudau (Danuea
afiaerEinn uardunn) 1esiaisanziNespudindugafing 50 pg/ml luarsazans 50 mM Tris- HCI buffer pH
7.5 TAAINIRANAUKASTIAIAIINENTIAAY 550 WNTUINAT AN 50 uM NADPH i iutlfjfizen AuiniAAansss
o‘dl A 1 dl o :; o o dll a o a s a
ultifwaeay Ieguanistudinisieuseseulsiidenfaumaunuaifanssuaaiaulad rat CPR Unf
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5. nManagauANNEINITalunssusaauls cytochrome P450 2A6 (CYP2A6) waz (CYP2A13) 129815
ANPAILATNZINDY

5.1. UfjiseIn co-incubation

sinnnstiaenlasl CYP2AG i5e CYP2A13 saufutewlms] rat CPR sz DLPC unan 5 wift aaniiia
$ANAL 100 mM K-Pi buffer pH 7.4, 20 uM coumarin was@1saiaLAasatAudauesdaizansies Iiadnudindu
4nTinelyiniu 10, 50 uaz 100 ug/mi me?}uﬂﬁﬁ?mimmﬁu 50 uM NADPH FPANNNT R 7-hydroxycoumarin
ArunnsmnenRanssuenlnfivdeey equantsdudensiremeseulmdidenReuiion fudfanssunes
wowlnal CYP2A6 1nf Tnesinnisnaaes 2 51 Tiihidasyseiy
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ﬂﬁﬁ?m%ﬂﬂ%\ﬂmmﬁm 50 pM NADPH FaAn 9L findues 7-hydroxycoumarin A1Wa U AN Aansss el
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co-incubation WAY pre-incubation Wafiaan1snzaagauanilunisdusiuuudunauldlfvizeld Wesannnisdue

wuuefnau Tl lFuuy mechanism based Wlunissiusialnafasusaarduiuanlaisoanuszinonaus deualii
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HANISIAEUAZIANTINR
mﬂm?ﬁnmn’mmm@@mm:ﬁm?zw%mu%ﬁ cytochrome P450 reductase ANty (rat CPR) Tuigas

wuANEe E. coli anaviug C41 (DE3) Aignintiantinfas 0.2 mM IPTG uaziniiignsiagldinatialasuiinnsi

wunS AN Aa AU wudniewll rat CPR 3aned lifltunuaaluanatszunns 79 kDa uaziian
Aansrnraaewldd rat CPR Tunnsdesnudianmsauliny cytochrome ¢ lunasanaaaaindu 39+ 1.1 umol
cytochrome ¢ reduced/min/mg protein slﬂé’Lﬁmﬁ'uﬁLﬂﬂﬁi‘ﬁm’]uvlf’i (Shen et al., 1989)

dwuiaulasl CYP2A6 uax CYP2A13 fwfiantinsuanseanluaduundide £. coli a1awug XL-1
blue Kt 0.2 mM IPTG uaziini3gnalaglimaiialasuninnauunsnzidtnidadudunus wodeulsd
CYP2A6 waziaulml CYP2A13 fluaaTuianatszunns 53 kDa waz 54 kDa muAnsy iaianisfnenisngn
weaulad CYP2A6 lun1aidetlfjiisen coumarin 7-hydroxylase lunaannaaaswudn specific activity 10diawla:d
CYP2A6 HALHAAL 1.87 + 0.01 umol 7-hydroxycoumarin/min/mg  41915UN15AN®IN19919 1290w lasd
CYP2A13 Tunaaanaaastis widn laianunsonsaadan s i uaeananiost 7-hydroxycoumarin 1§ yatanain
ANERT139lUN1989UGA3E1 coumarin 7-hydroxylation 289 CYP2A13 fiAnAnndauled CYP2As uazienlmsl

CYP2A13 anunsnideifjisensesanieaedsiasiu coumarin tininndiuilanansined Ing coumarin-3,4-expoxide

1%
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Mintuliiadasuazidasugllfing awinlinsmaaaulfiann (Schiicht et al, 2009) AWLEIEAMINIIATIAADL

nnsineuzeeulad CYP2A13 afell TnaAneinissel fisenisanareaansaesin coumarin uazwudn
specific activity 189iaultsl CYP2A13 lunsAnsnafaiiAwindu 2.31 £ 0.01 pmol coumarin-oxidized/min/mg

annsAnsge unstiudauenlal CYP2AG 2asansaninaInTeuaznziles wudiansanndaludauarin
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dulafiaazdinn auisndudaanlasd CYP2A6 lERANGATNAT IC, Wiy 3.40 pg/ml uaziiiasinnisnagauing
UAsen pre-incubation 1{uaan 10 w1 wudrdauanneiiaesiinnuasdauannti Al IC,, anaat1l

ednAty (119199 1) Seuanaliiiudanisduganisinauaesienlad CYP2A6 aasivassdruanatuagiusali

AanmIau NADPH (NADPH-dependent inhibition)

s115799 1 nawseuiiaua IC,, 3eudnaulfizen co-incubation uax pre-incubation #edewl CYP2A6

TuusazdiuainuasleasizInes

CYP2A6
o EN Nzilas
F1TAVDEN
Co-incubation IC50| Pre-incubation IC50 |Co-incubation IC50 |Pre-incubation IC50
(ng/ml) (ng/ml) (ug/ml) (ug/ml)
AVUANATULENABT 5B 3.39+ 0.11 1.80+ 0.07* 17.05+ 0.07 8.82+ 0.23*
ANANATRINMNIUE 4.01+ 0.08 3.9140.19 51.70+ 0.07 15.37 £0.10
ANUANATUTIN 36.20+ 0.14 29.01+0.28 42.81+ 0.06 18.06+ 0.13

* @ p-value < 0.05 WanAgaufag student t-test
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concentration dependent Lag time dependent %QLﬂuﬂmMu mmzﬁmmmﬂﬁyﬁyﬂq Audnansanneengnaduel
WUL mechanism-based (mﬁuﬂ%n’mﬁ’mmmLﬂuisnﬂLLuuﬁunﬁuiﬂvLﬁ Tmamm‘”mﬁagﬂLéqﬂﬁﬁ?ﬁm‘imm@u%ﬂ
antiusAnsuruLuiuelos audaainlszneuiddee e T idaann (dead-end complex)) (Hukkanen
et al., 2005; Di et al., 2009) (ﬂ’]W‘V‘; 1)

Lﬁ@ﬁ’m’]sﬁﬂmqwémsﬁufq weules] CYP2A6 luusazdauainesuziles wudndauainduiaiia
azfimm aanqyatudaeuls] cYP2as aTgn Tnuiien IC., winf 17.05 pg/mi (An1adl 1) Wesnnnsmagey
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fuflauL concentration dependent way time dependent da1iluAnanTANA1AgyNUsTLLeefiud1a19ain
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28Ny adLENLLL mechanism-based (Hukkanen et al., 2005; Di et al., 2009) (NN#12)
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dsuenlasd CYP2A13 wuqnnnsdusaanlmiluansaindedu dan1uea 4111308089 19M19 11D
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wwulad CYP2A13 1ARNgA InelAn 1C, windy 14.27 pg/ml wazileinniameaeuinylji3en pre-incubation
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st 10 wiil wudndauannefiaesien uazdauanntindan IC,, anadataliad1Aty (119799 2) wanainii
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duanniefiaesdinm uardiuannti 4a1N130e8naNBEUENLLIL concentration dependent Las time dependent
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FoiluantmEndrAyitsaidefiudiansaineannnaduaawuy mechanism-based (NN#13)
WannsAnwgsdugananssunisinauzeaeulsd CYP2A13 luansaianziles wudidauaninii

awnsnduganiaineueaenlad CYP2A13 liangalaaiAn IC,, Winri 41.83 pg/mi (An91991 2 ) atslafinnu
Waninimeaeuinegdizen pre-incubation 1Huiean 10 W1 WudaAn IC,, Ansanadatinalitiad Aty e

NINAGRLINNIANNLIEIuanAeiaesTinn Jin1uea uazdiuaintiieengnadudewly concentration

v
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dependent WLag time dependent melﬁLﬁudﬂm?éﬁﬁa&lmnum?\lmeﬂﬂqw%ﬁumL@uisnai CYP2A13 LU
mechanism-based inhibition (m‘wﬁ4)

Butanol compared 10 min
EtOAc compared 10 min

100 ) . 100 ) _
- -o- Co-incubation - -e- Co-incubation
:‘g 80 -% Pre-incubation with NADPH :‘g 80 -& Pre-incubation with NADPH
& ]
o 60 o> 60
= £
= =
‘©T 40 ‘®T 40
£ £
Q [}
X 20 x 20
S X
0+ T T ] 0+ T t ]
0 50 100 150 0 50 100 150
concentration (ug/ml) concentration (pg/ml)

H20 compared 10 min

100 ) )
-o- Co-incubation

80 -& Pre-incubation with NADPH

60: u

40

20

% Remaining activity

0+ T J
0 50 100 150

concentration (pg/ml)

DA 1 Wauiauauainisalunisuganisminanuaedenlasd CYP2A6 1asdrudnneiaadnmn doniues

WAEHN289T93EIdNeljieN co-incubation iU pre-incubation 11981 10 WAT NINARBIVINGIUNAABIATY
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-& Pre-incubation with NADPH
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-~ Co-incubation
- Pre-incubation with NADPH

0 50

100

concentration (pg/ml)

H20 compared 10 min

= IS
Qo @
S =}

% Remaining activity
a
o

0+

-e- Co-incubation
-& Pre-incubation with NADPH

0
con

i 2 uhBaunaumaanuainigalunissusiang

T T d
50 100 150

centration (pg/ml)
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snN9uradanlEd CYP2A6 184 dquanmanaazTinm,

Tanuea uaztveanziied szudneljisen co-incubation il pre-incubation 7aa1 10 W1
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A1517 2 nalRaudauA IC,, 9eudnauizen co-incubation uaz pre-incubation 2adiawlal CYP2A13

I P I e[ T A PR AR (o

CYP2A13
. N AT N
A19FIR LN
Co-incubation IC50| Pre-incubation IC50 |Co-incubation IC50 |Pre-incubation IC50

(ug/ml) (ug/ml) (ug/ml) (ug/ml)
AVUANATULB N ABT L5 27.57+ 0.16 11.81+ 0.18* 73.95+ 0.07 20.44+ 0.16*
ANanaTRionIuea 14.27+ 0.20 19.29+ 0.19 66.00+ 0.13 21.68+ 0.17*
Audn TN 19.58+ 0.22 14.08+ 0.22 41.83+ 0.07 26.84+ 0.21*

* A1 p-value < 0.05 WanA@aLAqe student t-test
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EtOAc compared 10 min Butanol compared 10 min
150 150 ) A
- -o- Co-incubation - -e- Co-incubation
:’g’ - Pre-incubation with NADPH :’g -& Pre-incubation with NADPH
g 100 & 1004
j=2) j=2]
< £
= c
£ ‘s
£ 50 ° £ 504
5] 53
4 o
K ]
[oF, T T ] 0 T T ]
0 50 100 150 0 50 100 150
concentration (ug/ml) concentration (pg/ml)

H20 compared 10 min

150 _ )

- -o- co-incubation
3 - Pre-incubation with NADPH
& 1004
(=)
£
c
‘T
£ 504
53
14
S

0: T T d

0 50 100 150

concentration (pg/ml)

v
o o

M 3 uBauisuauandn lunfsduginimieueaseulhd CYP2A13 212481741ATeTENINNL TN
co-incubation f1 pre-incubation 1981 10 WH Tudauanneiaesdnm Jannues wasdiuannmd

NNINARBINTININNARDIAT

EtOAc compared 10 min .
Butanol compared 10 min

150
- - Co-incubation 150 o Co- incubati
= . . . 0- Incubation
S - Pre-incubation with NADPH 2> X . .
% S -& Pre-incubation with NADPH
s 100 g 100
c [=2
= £
E £
(]
£ 50 E w0
@ x
8 B
0+ T T 1 0+ T T J
0 50 100 150 o] 50 100 150
concentration (pg/ml) concentration (pg/ml)

H20 compared 10 min

i
a
S

-e- Co-incubation
-% Pre-incubation with NADPH

i
o
=}

% Remaining activity
@
o

0+ T T J
0 50 100 150
concentration (pug/ml)

2w 4 Wrauiauanuanuisnlunisdudannminauaeseulad CYP2A13 aasansainuziiesszmang
Ufjfise co-incubation il pre-incubation Maa1 10 Wi ludsnainedassdinm Jonuss

LATAIUANATIN NIINARBINITIVINNAADIAT
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UANANNRIANN19MII9 4 UNATBIANTATATILAT NN BIABN1TN 9 BEa9taulEsd rat CPR Ha184

ANgANEINLNdRaT AN T Tutudanueatazin Tlaiunsadusaenlad rat CPR wilugiuainefiaazginm

1
= v

AAanudindu 50 pg/ml deradudaaulad CPR Da 45.25% wwmaaiuiuluduianiues uaztinvesdauanin
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