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A Study on the Mechanism of Prokinetic
Activity Induced by Compounds

in an Aqueous Extract of Poncirus Fructus



ZEzE

Poncirus trifoliate  (L.) Raf. (Rutaceae), %™ Poncirus
fructus(PR) 2 ¥ AL "Bz vAdsdAdzx4, 23t Sy
ANE HAHorE ARgEHoR Aokor, F# v FW &
(prokinetic  effect) &  Zt& AoZ dEA wnem.  5-
Hydroxytryptamine, Receptor (5—HT,R)E &3 AAA o]z 3t
A 2 a37F depds Zlo] Z dEA ok a8y, Al 65—
HT,R &%5A 9l cisapride ¢ vz v 5-HT,R ¢ &4 A=+ tax
okt Zlo® uehy, 5-HT,R °]8l8 v 7]d9 wo] 7hsA ol
AA =G AR 5 AAAe] 5 AN Ad d5-FEE (PF-
Wye]l ZEd 484 (motilin receptor, MTLR)7} ofd 1&ldl &4
(ghrelin receptor, GHLR) & &/d3} A7tk AR S AlEA dhs)d wf
UTH eFAIRE, PE-=W of 323tg oj" @ &4o] o]elg Vs fidste
Aol el = obHbA dE A A Sk wEbAd oWl Aol =
thekst A FEE 7T T oW 3l =4o] T & X 529
71de el =AE Hele As HEE S8l

AR Aol dAdgAdAdwe]l GHLR o #843F o475 Flsiicth G-
protein coupled receptor (GPCR)?l GHLR & /sl M | 25

E=7F S7Feth HEK-293T A5 GHLR = ¥}2dAZ § PF-
W o dd A 247 2 g9 e 12 Y EdEs AEs o

4 ould WHlE ol st AX U Z¢ Br WEE Btk 34



Ax 12 M9 F2 A AHE = naringin ¥ naringenin ©] GHLR <
st A7l Gl 78 AEYS & U e, sds sReA e
naringin ¢] &4do] ¢ st RS &l

T3k 5-HT,R A3 oF % gEo gelsiltt. 5-HT,R 7} €43t

2 A= AE Yo cAMP ¥ %7} =71k HY, §44% WAz

||\
o

o

_—

H24H (Enzyme—linked immunosorbent assay,ELISA)S E3f

AL

7Fsatth. 54 23 PF-W A2 Alel= cAMP T7Fs #lsiglon,

X

A4S T ALS S-S Y= AE T naringin
naringenin °] 9FT FS FAAGYG L GHLR E
Ao ZN AT FH adE JEdgs 32S & 5 dglon.

5—HT,R & 43} A7l @ =42 A4 Xssih

F920] : Ghrelin &), 5—-HT, &4, 913# % 34|, Poncirus

fructus, Ca®" assay, cCAMP assay

8 : 2010—-23655
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[ ]
_j_x'—'/'l
(2% 1] 294 =849 28 7]
(13 2] 729 fEto] =9 75
(7% 3] 5-HT, &A1 &% 7|4
(23 4] A AFNM AFEHI = 938 &5 31459

48 =%

19 5] GHLR o] &d® HEK-293T cell ol PF-W Az &
Ca®"assay. (A) PF=W A2 & Azt F (FEAE F t2
2 FFHTD/F (FEA T A AEe] F3FE7]) ratio W3t (B)
PF-W 10 pg/ml Az A % cell W 3 ¥7] W3}

[13 6] GHLR ©o] && ¥ HEK-293T cell ¢ (A) hesperidin 10
uM, 100 M A2, (B) rutin hydrate 10 M, 100 M & %

A T o(eFEA Y § t 2 59 FFEID/F (hEAE A

;

Lil

Aol Fut7]) ratio W3}
[23 7] GHLR ©] @& ¥ HEK—-293T cell ® (A) poncirin 10
M, 100 M #¥8], (B) neohesperidin 10 «M, 100 M g
S A F (FEAY $ t 2 59 FFWID/Fy (kA A
Ao &F8h7]) ratio W3}

[723] 8] GHLR o] ¥a ¥l HEK—-293T cell o (A) umbelliferone

10 M, 100 M A2, (B) citral 100 M Az 3 A7t F



(CF=A2 & tx2 59 FFUNTD/F, (kA A A2

[Z2% 9] GHLR o] ¥&d ¥l HEK—-293T cell o (A) limonene 100
1M A2, (B) linalool 100 #M Az & A F (F=A2
t = 59 FFHI/Fo (FEAe A Axe] FFu7]) ratio Wt
[Z2¥ 10] GHLR ©o] ¥&d ¥ HEK-293T cell o] (A) guanidine
100 M A4¥], (B) synephrine 100 M A& & AJZtthE F
(FEAe § tx 59 IFU7D/Fo (A A AE9
g337]) ratio W3k

[Z2% 11] GHLR o] ¥& ¥ HEK-293T cell °l (A) naringin 10
M 2], (B) naringenin 10 M Az & AZtE F (eFE#g

o FFEIND /Ry (FEA e A A FFE7)) ratio

P

t

o

H 3}

(79 12] GHLR o] ¥ ¥l HEK—293T cell o naringin (A) 1
M, (B) 10 M, (C) 100 M Az F AZE F (F=H2 +
t2 §o FFHID/Fo (F=Ae A A FFE7]) ratio M3}

[79 13] GHLR o] @& ¥l HEK—293T cell o naringenin (A) 1

o

M, (B) 10 M, (C) 100 M Az F AhE F (SF=A g

t 2 59 FFEVD/Fo (ke A Ao FFW7]) ratio W3t

.-_;l'x_-! 3 k::l '|_
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1] Aglel] ARg-3F Aok 2 712k
2] Age) AbgE 7] An] H5
3] Transfection o] AF-&% Aok

w

w

[

S

4] 5-HT,Re] &a ¥ HEK—-293T cellel cisapride 10 ¢ M,
A Ao @A FAAAE 100 M A& F cAMP assay
[3% 5] 5—HT,Re| ¥&dx HEK—-293T celld] PF—W

1 mg/mL, XA ddFAAEE 10 M 23 cAMP assay



1. M2

[ -

ARed 9 2% O 5 28RS FHH AELE

o
it

o3 23he £A2 oldlz el wuth 1dd $E% o

glol A= Aol vtz 3 st 540l A EHEA
=l

a3P7sol ML, Fo] HR-EI X 2HE 0] ALSH
2000 9] S0 FAUUESY AEY A e 7)5A A3EFF0

Wolx| 1] gastrointestinal disorder @& 2] okE A2 A oFAFSY
= HAY EE AR, JAE A5 5 g9 Ad A

W ES A% Jeshs FA0Ih 1 gkl S thekd ol

=ol7] fleiM = w@ol AREHIL Sl

Poncirus trifoliate (L.) Raf. (Rutaceae), 94" poncirus
fructus(PP) 2 gd Ad2 ®Ae vd=mabdz2s, vk
3tEEolu A9E HA0R AREHl2 Aeke]th(Kim, Sin et al.
1997). A A4E T A dFFEE CduE F=E

=
el el Al ' R HE ol AaFe A Zd U

il
I
™
>,
oy
o
b
b
v
=
D

(@)

w
(@)

(@)

D

@
=3

%3} (intestinal transit)
2005). 3t olMEZEHe FEAE Adst] AR S
AstAlZl el RdeA AAS Fost AFe Ad O FHE

gayd o g 3EAFH=d (Lee, Seo et al. 2005) o]+= A A ] 73t
8



AAH % =2 &7} cholinergic pathway & WErhs 21S
AlAFSE v} Qlt). &0 X|2o] mosapride, metoclopriamide &3}

Zol dA AHgEE AFd

m

2 k= FQ BRI 5-HT,
TEAE S A = Aol 3l vkl (Shim, Back et al.
2010). 284, AAel 5-HT, F&Ale g 43 =7t

BEE 94T 2%

m

A mae] vlE] ddAoR tha wekstthay

oZ
N
ok
¥

Atk 5-HT, 84 olgle] 924% +8& FHse

FgAel FEA Ao AW HY ATE FH oL

TEATE A Wtk AR o] B v ik ey A9

s
Mo
offt
Y
Y
fol
=)
RS

ol T4 el Adel deA Ut 9%

&= A=A i A7HA B vt fls dakolth

1.1. JH2l =84 (ghrelin receptor, GHLR)

a9y 84 G-protein coupled receptor family®ll %3hH
gastric mucosa® endocrine cell, pituitary, hypothalamus®l 52
H 3t} (Poitras and Tomasetto 2009). £HZ H kS o

mouselY rat, guinea pig@< rodent®} humanel] <213} rabbit
9

| A2 8



o]t} dogells= &A8H4 9=t} (Sanger 2008). +€A17F &A1 3}
=2 Ao M QRERE ZEHS FYUATIY Py MEA7|#RHORE
U ZE 5

PE 2Ee A A

Nakazato et al. 2002).

iy | e T iy a.'.".u'rw'.*m"m.".w'mw !

¥ 1. 2929 89 FE 714 (Young Cruz and Smith 2007)

TEA e Aste U Felol=l T1EA He 2Rt
FEo] W}t CNS, immune system, adrenal gland, cardiovascular

system ‘& UFFEF oo S Frl. X3 osteoblastS}

neoplastic celld T A% JIFS 0, AHH 02 A xE &

golol Ay WIS PRI BEF L2 &3S e

ke k=i

b



71% 3tth (Camilleri, Papathanasopoulos et al. 2009). £3] ¢

jus)

g Es 7371 28l thalA = atropineo] oJsf 1 &

#7F Ak =W cholinergic pathway s whgo] ¥ At} (Sallam

and Chen 2010).

Appetite Gut Motility

\

Growth h I} Others
. i

Hypothal amuas

Leptin
Insulin

Gut Peptides Brainstem
Nutrients

Glucocorticolids

Vagus Nerve

— Insulin
Cut Paptides

Hutrients
Fasting _> Chrelin % Feading

Stomach
I Leptin,Enterostatin
Gastrin, Somatostatin

I8 2. J349d Heol=9 7]% (Inui, Asakawa et al. 2004)

w3t 78 AL growth hormone secretion receptor la°l| #83}
o S2E9 AHE @A S7HA 7] 7% $hod (Horvath, Diano et

al. 2001). AAZ vIRE SR A BNt Fz F vk TE9 g

11

U



i

Yebdm 9] HAlFEolut bypass e 22 ¥ =& S
A HH 2897 sE7F Yol Zlew el vk (Cummings,
Weigle et al. 2002).

2]eld 7dHE physiological dose® Al Al Fo3tA =4

FHRHA gastric motilityE RS 7] A= ZAIRE D EFOE Fo

N

shAl ¥ gastric motility & WEFH AL &FelA MMCE E5& 5
7FA1Z1tE (Inui, Asakawa et al. 2004). oJu] d2}oq T28H a5

AE Bl @A Fol Al AFR 2EE= A

[y
>
2y
o
lr
s
kI

7F o 9 SAAEA ThsAde 9w Qo

(Poitras and Tomasetto 2009).

1.2. 5-hydroxytryptamine; =8%4| (5-HT4R)

Serotonin 4 receptorgtil: &= 5-HTR+ 7 trans—
membrane G—coupled receptor family®l &sty FF9 ¥x %
Aof FH LA +xEST}T (De Maeyer, Lefebvre et al. 2008). 4
shrl e, g, A, FAS 2 Vel EEete] oY Veg T3

5

ol

¢

th o1 F &s/lwelAe] 5-HTRE 988 9 ey 2 A%
5

2 ZANANT SFRAR BorS FAAA M Akl e

Mo

()
1o
Mz
=
i
2L

=3l71% sttt (Hegde and Eglen 1996). &A1

cisapride® ¢ AAox Zg3+9] QT interval prolongatione

12



2 w2 5-HT.R &A1 % 5-HT:R AdFAZA 283t
o AYAds 7= EsAE 3] 9%k AU WE@ Folnt
Al A HboflA 5—-HT R”}  5-—hydroxytryptamine
(serotonin) &} 2> GsAe AFetAl =W, 7ol &3 Ho
AE ellA d-de] Hhgo] doju=t] adenylyl cyclase (AC)7}
gdstE o] ATPEHH cyclic AMP (cAMP) 7} w59tk (Van
Wijngaarden and Soudijn 1997). 0| A& o]&3tod cAMPE A
st 5-HT,RO &4 ALE SA4E & Sed Adxd <+
theophylline®} %2 phosphodiesterase inhibitorE 7 *] 2] 3}¢]
D cAMP7F = Ae HASdE g A3 A9E e

= 9t}+ (Mohler, Shacham et al. 2007).

benzamides

v%sines

Ca++

Ca++

a3 3.5-HTy 58418 #& 7] (Pindon, Van Hecke et al. 2002)

13

-
7 -1l



1.3. & 25 =XIX (Prokinetics)

AEE e FAA = 2B FF9] dE5s Ak Fe

ve], 71eAd AstER, FEA o uekdt AdA AR
(De Ponti and Malagelada 1998). ©]# 3l k52 5-HT,R &4,
dopamine Z3A|, motilin 54 o] on opMEZHS AH

&4 < acetylcholinesteraseE &

ol

ZAA AL ohaEEue B
A% S olAE B B AAFHE D, FEAS A
L 5o A2 @ng vrhic oY EAe S5/ U5 9

B AFeFo] TR T e Ane Fepze] gejo] Frharh

et al. 1980). 22|y} 3tH O 7= BBB HlZoM L 34873



79 (CRTZ) el #-gsto] Aoy & 52 TAE Aete= &
TE 9FLE5FH  (antiemetic prokinetic) &Y%  ERATH
(Tonini, Cipollina et al. 2004).

5-HT,R= 948 252 Aelet Wedded 2y 23 7s

2 = ZoE ALY wgkA 5-HT R+ 98 53 ddd
Ao A T3k xH o2 o AFTY (De Maeyer, Lefebvre et al.

2008). Benzamide?l mosapridelY} cisapride®} & 93 # =

ZAAEL 5-HT R =3+ Fx9 IS 714} o83t =7

o oelM @3 ol5E uAT W Avht AHHAN} Fo
azolth ful A4# £F FAA AL PR AAYAW A

Z E =¥t (Bran, Murray et al. 1995).

Metoclopramidet 60ATtHH-E] ARgH o] & okor Tuwl g
AR oldegt 5-HT, &sA=Z #A4 4 9dow (Pinder,
Brogden et al. 1976), 40% ©|7¢ AfollA F2go] WAYste] 7}
& AV Ha vk £, SRy 2 SFAAAEAIY AL
20%, FANE F4o] 10~20% 7tEFox YR, FAE T4
= A ATl 5 (tardive dyskinesia) ©] H| 7}< 4]
(irreversible) Ago® 4 A Qltt (Robinson 1973).

Domperidone& BBB (blood brain barrier) S E38% 35}

15
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metoclopramide Bt} F-2&2 AX|qk H3}5Ao] 2830 Z M
ety F2go] Sl sHAIRE FH S5 Adste|A X o] <F
A= GxoA Aestr=z mzlE A3 X gAe A 78

Aoz A= E4o] 3t} (Brogden, Carmine et al.

o
fol
i

1982). Mosapridet= ¢33 JHoA Azl (selective)' 5—

r

HT, &A= %8l ¥ 9lon, CYP3A4 A4 ¢} o= o=
ol At SAte R AR A T3, VA AstEFel AR
o FAEFY, A FEEo] Ruyx] ki ity gIEH o
ME Qe a4l AFH &F AR AREEHIL ok (Lig,
Sakakibara et al. 2005).

FAAQ erythromycin®o] &3 & &5 FFE= 7HAe
2E® (motilin) F&A EsAzE &gl wet fviniel 22
Agto] AFE-E 3 Tt (Weber Jr, Richards et al. 1993). %3t
mitemcinal®]2} &&= erythromycin—derived motilin®] 7%
A= o= motilin¥} FAFSHA e S &5 FAAES 7HAHE
AN FAA a¥= Jok (McCallum and Cynshi 2007).

o] 9lol& ghate] AEiut WHel wel ohE ofEo] AR 3l
omn FA-Gol i Adstel] BHA AFEE = QUAl A" ARl oy V)

Ao Zd s A Fdwle] AdE Qv

16



T9 4 @A AR ALET Y AR 25 2AAEY

AE EAE

17
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2. Objective

o]

vl

had

roAgE A4

o
=

ST £ 23

& gk A

o
=

P
T

@3 (prokinetic effect)

I
i

F229 ol 7

o=

=

o

18
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3. Materials

3.1 AE 1=

A d FE5 (PF-W) & otz gty AAE shs A
o7 wgd ATACAAM FF, EelEo] Alegtth Cell linel &
i HEK-293T cell lines A®3} 3L, seeding Aol dA st P
oly—L-lysine hydrobromide+ Sigma aldricholA 38kt T
ransfection & ¢3F Fugene HD+= Roche oA #1331 aL, Opti
mem reduced serum medium< GibcoolAd F38tdth. Ca**ass
ay°l AF&% Fluo—3 AM ester®} F—127< InvitrogenolA ¢
sgith. Cellell receptor gene ¥d ol -5 <otry] 93 ApE-sh
A5A T MTLR &5A motilin peptidei= Sigma aldrich®ll 4]
Tkl on GHLR &% A1 L-6925859} inhibitor® AHE-SF co
rhistatin—8<> Tocrisel|A] 33l tt. 5—HT, &5 A cisapride

9} cAMP 3l & WA|5H7] 9@l AFE-3F theophylline Sigma a

ldricholA +d3stdct. & 84 54 ~3849S 93

S

2 4]

32

= A4 Y 509 A (Gupta, Mittal et al. 2011) & ¥ A3

M T8 127HK AEES AEste] A3k 11, ciral, guanidine H

ol

Cl, hesperidin, limonene, linalool, naringin, naringenin, neohes
peridin dihydrochalcone, rutin hydrate, synephrine, umbellifer

19



one< Sigma aldricholA +Y3+H 3 poncirine LG A st
TF-ao| A A Fukektt, PF—WuY single compound dilution, Ca®" a
ssay°l AHE-E= Ca”' 8 X9 mediaZ+ NBS [140 mM NaCl,
5.0 mM KCI, 2 mM CaCly, 0.5 mM MgCly, 10 mM glucose, a
nd 5.5 mM HEPES (pH 7.4)]%+= Transport Media (TM) [25
mM HEPES, 140 mM NaCl, 5.4 mM KCI, 1.8 mM CaCl,, 0.8
mM MgSO,, 5 mM glucose (pH 7.4)]1 5 AFE-3F3 k. pcDNA

insert8 MTLR¥ GHLR gene> LGA™ 73} AFAolA] Al&wt
gkow o]=9 transformatione $3l E.coli DH5 @ strain comp
etent cell& AFE3F%1 3L transfection®] -9} F&5 FHsHY)

913t GFP gene controlvoll AH§ 39 E] pcDNAE A&t oF
o destd o8 e APARRE A @tk o] 2 cloni
nge|y transformation®l] AF&¥ Alekoli} kitE<> molecular biol

ogy level °]49] A#& A3t

20
&
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R
fu

ZHoj 2| A Catalog Number

Guanidin HCL Sigma Aldrich G3272-25G
Limonene Sigma Aldrich W-263303—SAMPLE—
K(8g)
Naringin Sigma Aldrich 71162-25G
Neohesperidin Sigma Aldrich W381101-SAMPLE—
dihydrochalcone K(10g)

Synephrine Sigma Aldrich S0752-5G

Poncirin

,_
o
0=
o
il

1%
re

TAZREEH XS

Cortistatin—8 Tocris 3033
GR 125487 Tocris 1658
Optimem reduced serum GIBCO 31985—-070
medium

Fugene HD transfection ROCHE 04 709 705 001

Cyclic AMP EIA Kit 96 Cayman 581001
well

£ 1. 48el AT Al R SR

21
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3.2. A 7|7

M wjeko]l BQ3F water bath®F WiseCircu 7]7]5 AFg-3}
A, kS Y3t CO, incubator®® Sanyo CO, incubatorZ A}
otk Al el % morphology ##E fla AMEIE Fe)
]2 Olympus CKX31S A3}l th. Centrifugex Eppendorf
centrifuge 5415R< AFE skt 7§ gened] %8 574351
23] Thermo nanodrop< AF23} 1, Ca®t assay 2 317 93 o
FEv 22 Fluometric NIKON ELCIPS TIE AME-3ith
Nanodrop®} F3ddv|AdL Aeddw ofstts 20F 4113 3%

71714l = s ARSI

3.3. Reagent Kit

Transformation ¥ MTLR, GHLR, GFP, pcDNA gene & E.coli
oAl &Elst7]  fldl  WelgeneolA] W& Welprep Plasmid
miniprep kit (Cat.No. PR 001-02) & AR&-3F3lvh H5h A &=
cAMPE =743}7] Y3 Cayman chemical® cyclic AMP EIA kit

581001< AHE-3h1T,

22



3.4. Program

Fluorometic Nikon Eclipse TIC 2 &3 A& A1 HHSH

918l MAG Biosystems softwareZ AF&-3}ict. &=

=

L3k doly e
= 93 Imagel 9} GraphPad Prism 5 & A}F8-3}3it}.

Appliance Model

Manufacturer

CO, incubator MCO—-17Al SANYO (Japan)

Shaking incubator UV BS-21

Lab companion

transilluminator (Germany)

¥ 2. A9l AAEd e gu 2=

k?..";r.‘] j\:l Eﬂ] E].

w0y
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4. Methods

4.1. HEK-293T cell culture

M A (=70T) ] E#F<Q HEK-293T cell stocks 37T
water bathollA 5:3F @4 Atk 25T flaskel] complete
medium (89% DMEM high glucose medium + 10% FBS + 1%
penicillin, streptomycin mixture) 7 mL %3l cell stocks
pipetting 3] 1mLE flaskel]l 33| €]t 37T incubator
o /] o]& F<F 719 confluency”’} 70%7F ™ subcultureE 3l

Tt Seeding 3t7] A F W2 subculture S AHT.

4.2. Cell seeding

4.2.1. Ca?* assay

AL} vhete] B RAFES 5] flekel Al A4 8-well

of v]2] poly—L—lysine hydrobromide (100 ng/x«L in H,0) 200

ot

pLE ¥ 3087 Ao WAskH Y. 70% %8 %= confluency 7}
T cell& PBS 3 mLZ washing & Trypsin—EDTA solution

24



(TE) 1 mLZ wo] it} Ao A8%¥ 8—well (Nunc, Lab—tek
chambered cover glass German borosilicate Sterile) 3r3o] 2z}
welld HEK—293T cello] 8 x10*7}/mL ¥%2] 2 mLS seeding

T

jﬁ;{

3 th Hemocytometers AFE-3Fd counting & 55 %
lysine suction & 8—wellell 22} 200 xL 2 seedingdl<==t}. Al

I7) 2 EojxQlE=A Eelst & 24 A)7F incubation A]Z1t}

4.2.2. cAMP assay

6—wellel|l poly—L—lysine hydrobromide (100 ng/ L in
H,0) 200 p¢LE ¥il 301 A2 WAsttt. Hemocyto—
meters ©]83F9] cell counting ¥ complete media® 3|2 5}
2.5%10°70/mL F%E 2 235t} Lysine suction ¥ ZF well G 2
mL A goJFdvh. AlZE7F 2 FoH A=A FlE 24 ARE

incubation A]ZIt}.

25
] S o)) &



4.3. Transfection

cDNA (200ng/ pL) Optimem Fugene

GFP 1A 10 A 0.6 A

pcDNA 1A 10 A 0.6 A

st welld MTLR 12 10 A 0.6 A
mix volume GHLR 12 10 2 0.6 A
5—HT,R 10 A 100 6 A

¥ 3. Transfectionol] AF&E A]<ek

HEK—293T cellel "4 GFP ¢cDNAE transfection A]# X.o}
zZb F =R glstty, g i x" e = MTLR, GHLR, 5—HT,R©]
e g 2] ¢k pcDNAE mock—vector® AFE3F T Diluent® &
optimem (invitrogen, Carlsbad, CA) & 37C= WY AFE35 1
transfection agent®+ Fugene (Roche, Basel, Switzerland) & A}
ottt 2 genevith 9] EHE mixAlZ] - 16+83F A 2ol WA

P 1, ZF wellel&= &35 optimem?] FwbEdE 238 wellol

Oft

i
N

o]

A}, 7183 incubatorel A 24A]7F F<F incubation A Z Tt}
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4.4. PF-W, SHUZMME, A2 preparation

PF—W stock solution (200 mg/mL)<S TM bufferg ©]-83}o]
BIMAA 10 pg/ml = ol 72 FEAES] EsA=
motilin peptide (motlin 83 &5#]), L-692.585 (ghrelin <+&
A &5A), cisapride (5—HT, 84 &4+ 20 mM stock
solutionA|Z= & TM buffer® 3]4]s}o] AFE-3}31 3L antagonist
test o] AF8-% cortistatin—8 (Ghrelin & d&A) S vt=2 TM
buffer® 3|4 3slo] AFE-3ITE. A+ E 5 naringin,
naringenin, guanidine HCI, poncirin, hesperidin, neohesperidin,
rutin hydrate, citral, linalool, limonene, umbelliferone,
synephrine< X5 20 mM stock solution (in DMSO) °|A TM
buffer® 3]4s}o] AFE-3} 11 guanidines TM buffer® 20 mM
stock Az $ 3|Asto] AFE-3FSITE Final concentration®] 2w &
T2 WE 3 72 welld #71ete] T w) 314 =] final

concentration®] %= 3}%itt.
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4.5.1. GHLR_Ca?* assay

Transfection step®] €5% % Z} well (8—welD)& 200 A
TM buffer® washing3] =31 ©A] 200 A TM buffer + 2 2
fluo—3 AM + 2 A F127 (A& A4l master mix & Ax) & ¥
olFth Zgel AYA SR binding stol 32 H= Fluo—3 AM
& FEiAdol Qlol @ SuA R Ak Hlo] gl AEjelA A
&& Zdstofol sttt 37T incubatorelX 40 &3 incubation ¥
dye mixtureE suctiondtil TM buffer 200 A = -4
washingd] <=t 283 ZF welldl TM buffer 150 A =&

cortistatin—8 150 A1 & Yo F1 10 #7F w3 & Ca?f

AEetw oFstgist 20% 4113l e FEEWA
(Fluorometric Nikon Eclipse TI) © % MAG Biosystems software
TIRIHS ol &3dte] &4 Fo F 3% HHo® ARES A A
o] AFE-3F Fluo—3 AMo] # exciting¥+= 488 nm  (Filter G) &
Z S AAs & #ZEQth GFP genes transfectionA]# X

o} transfection F&°] 40%°]A

rlr
N
o
‘1 {
[-‘O
o
+
2
%
2
-
U
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o]Fo]x PF—W 2" FE&A o 3t A-F oJF % validationsl

w Fol PF-W& &ddAdEel st 1284 F&A A=y

ol
o

& 1okt

4.5.2. 5-HT4R_cAMP assay

Transfection step®] €% ¥ 7} well (6—well)<& TM buffer 1
mL=Z 23] washings]l &t 5-HT,R AIAE AT wellell=
100 nM2] GR 125487¢] ¥3%% 5 mM2 theophylline 1 mL<,
1 919 welldl= 5 mM9| theophyllines 1 mL¥ FH7}ste] 15+
7F 37C] ¥ttt Theophylline> 4 E cAMP7| 3= += A&
WAs7] g8 AAE =k =9 final concentration®] ¥l

TEZ TM bufferd] 3|8 % ok&& FHISIY 1 mLA 7l

2

N
=

g & HF FE7F HEE STt o] wol= AIA AHeAele 4
ok& ¥ 7] 100 nMe] GR 125487¢] X% 33l

& well& H]$3 AlF3E & 0.1N HCIE 1 mL #7fstal A2
o 20+%%F mild 3}Al shakingdl=¢] cell lysis AZA T 6—well &
cell scrappers ARE3slo] plate vlgo] F2E cells Fol 2o
1.5 mL tube°ll &7 2t} BCA assay£°Z 30 A& H3a v

WAL 1000 gld 10870 AdRelstel gEAe A
29
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Cyclic AMP EIA kit (Cayman chemical, Ann. Arbor, M) & ©]-&
st AHFH ¥ samples e cAMP&=& &3 TE (o] A oA 9]
cAMPE X7} w]-9% o}l kite] protocol & W& %2 Ao 2

stsl

F acetylation WS o] &3k thH. dojx cAMPO 2 well

9] proteine BCA assay® A &3 3to = BHAFHAT}

4.6. Data Anlaysis

4.6.1. Ca?* assay

Image] ZEIHE o] &3lo] Aozl cellgs AT AAAZ ot
= 3xutth A3l celle] G Wste] djgte] oFE Fo] WO FF
Wrlel diste] vlEE YERY F/Fo2 378tk X F2& time

(sec), Y& F/Fo (mean=S.EM) &2 ¥ A&} T},
4.6.2. cAMP assay

7z 24 9HR cyclic AMP EIA kitE o] &3] dojx nigd

cAMP¥= YERt S8k means ©]-&3Fo ek STt
30



5. Results

5.1. GHLR 1Hg# Mzof X|Me| THY /g H&2 A
EE Y

-4 transfection®] & x| Felstr] 8 FFS w=
peGFP—N1 vectorg HEK—-293T celldl transfection& A7l %
cello] F32 WEAE T O 439 dvjdoz dEE A
E T 40%oldel Hde dWERRaL, mEbd HEK-293T cell
transfection ©] 2 ¥t 73843l

o] GHLR-pcDNAE transfectionA|Zl & W& oF &
GHLR &A= ¢&#4 e L-692.585% &3l Eelssivh &

vector?l pcDNATHS 2& A7l t)j 2o A+= L-692.585 1 ¢ M

-

Al Al FS YEbA 49k oy GHLR-pcDNAE & A7l
o|M= L—-692.585 1 M A2 A FFWH717F S7ksks A= #F
stglom ol F3 GHLRe] AMAo= AAHUSS & 5 AN
. PF-W (10 pg/mL)E AH2l& stl& d-fel: GHLRe &3
AR el A RE &g w7 drelAlE Als ERIskTH( I 5A, 1
Y 5B). °]ZX4 PF-W7} GHLRS &3 A1Zth= A8 A& Al
2} 53
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(A)

PF-W10 p g/ml
5-
-~ GHLR
4- - pcDNA
o 3-

w
T,

1

c L) L) L) L) L)

0 15 30 45 60 75
Time (sec)

(B)

After 15 sec

>

Control (pcDNA)

After 15 sec

I

GHLR
7% 5. GHLRo] &&d¥ HEK-293T celldl PF-W g ¥
Ca®*assay. (A) PF-W A& ¥ Al F (FEAT F t2 59
FBUID/Fo (FEAHE A AEY FFH7)D) ratio B3t (B) PF-W
10 pg/ml A2 A F cell U 8% 8] A3}
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o]% PF-W9 @44 %59l naringin, naringenin, guanidine
HCI, poncirin, hesperidin, neohesperidin, rutin hydrate, citral,

=
a-

i)
ofN
off

linalool, limonene, umbelliferone, synephrine & Z+Z}
7F 100 p M7} S525 wellel o] & § W3E d&sl 1
A3} hesperidin, rutin hydrate, poncirin, neohesperidin,
umbelliferone 9] Z-f-oll= &3 87 HE7F b= 949kar, 10
Mo w25 Asils Wk A Wy vehA] gk (19
6A, 19 6B, 1% 7A, 1% 7B, 19 8A). FF &< citral,
linalool, limonene< 1.3 = 0.18]¢] oFst §E&-S Kl (18 8B,
% 9A, 1% 9B), guanidine?] Aol 1.5£0.1419] wbE= X
Aot tfxrolE 22 vkgs Btk (¥ 10A). Synephrine
2o AFole 212014 84 msAgt vld Fde vk
= B3O controlol A% 2.09] £0.1942] ¥h&-& YERIY (2
9 10B). 18y, & E-dAE3+= @8 naringin® naringenin #
gArjoll= 2w Blwste] FEigh ] WEE Bdv (14

11A, 2% 11B).
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GHLR_Hesperidin

5_
-o— Hesperidin 10 uM
4 & Hesperidin 100 y M
o 3-
L
(TR 24
1{ pofSSE IR R BRI HES BB EE-
c ] ] ] 1
0 20 40 60 80
Time (sec)
GHLR_Rutin hydrate
5_
-~ Rutn 10y M
4- - Rutin 100y M
o 3-
L
[T 24
14 ooooo oo OO OO OO OO O O O OO OO
G ] ] ] 1
0 20 40 60 80

Time (sec)

139 6. GHLR o] &% HEK-293T cell 9 (A) hesperidin 10
M, 100 £M A3, (B) rutin hydrate 10 M, 100 «M A& &
AZHE F (FEAE 3 t 2 §9 F387)) /Fo (FEAE A

A Z2 ¥Fut7)) ratio ¥E
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(A)

GHLR_Poncirin

-+ Poncirin 10 pM
-= Poncirin 100 pM

1{ nirt i i nssup i RN SRR R R RR S

(B)

20 4Il] 60 80
Time (sec)

GHLR_Neohesperidin

5_
-0~ Neohesperidin 10 y M

4 -& Neohesperidin 100 y M
o 3-
w
[T 2

1- ._."II-I-I-I-I-I-I-I-I-I-I-I-II-I-I-I-I-I-I-I-I-

G 1 1 1 1

0 20 40 60 80
Time (sec)

I8 7. GHLR o] &¥&d¥d HEK-293T cell o (A) poncirin 10 #M,

100 #M #2], (B) neohesperidin 10 M, 100 M 3 ¥

Al F (2R F t 2 59 FFE7D/Fo (FEx8 A

A Z2 3FZur7)) ratio ¥E
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(A)

GHLR_Umbelliferone

- umbelliferone 10 pM
4 -= umbeliiferone 100 pM

W
[ 2

1{ g St S Ea i i o R trtdd

u 1 1 1 1

0 20 40 60 80
Time (sec)
(B)
Citral 100 pM
5-
-+ GHLR

44 -= pcDNA
= 3-
[T
w

1] na®* O SRITILITIVSIUSIINISNY

0 20 4'0 60 80
Time (sec)

7% 8.GHLR o] 2¥&d¥ HEK—-293T cell o] (A) umbelliferone 10
M, 100 M A&, (B) citral 100 M A& F AZHE F

(kAT F t 2 59 FFRID/Fo (FEXE A A2 I3E7D
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(A)

Limonene 100 yM

-+ GHLR
44 -= pcDNA
= 3-
=
[T 2
PRI L | L T —
u 1 1 1 1
0 20 40 60 80
Time (sec)
Linalool 100 y M
5_
-- GHLR
4 -= pcDNA
o 3-
w
[T 2
MRS L it L LT —————
G ] ] ] 1
0 20 40 60 80

Time (sec)

% 9. GHLR o] &% HEK-293T cell o] (A) limonene 100
gM A2, (B) linalool 100 #M 2] & A|ZtE F (FEAHZ &

t2 79 FFYIN)/F, (F2AE A AE FHY) ratio A3
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(A)

Guanidine 100 yM

-+ GHLR
4- -= pcDNA
= GHLR + Cor-8 10 pM
S
w 2
1| st spsspppatessasanny
u 1 | 1 1
0 20 40 60 80
Time (sec)
Synephrine 100 y M
5_
-~ GHLR
4 -= pcDNA
o 3-
L
o M
1_
G ] ] ] 1
0 20 40 60 80

Time (sec)

I% 10. GHLR o] ¥dd HEK-293T cell o] (A) guanidine 100
1M A2, (B) synephrine 100 ¢M A2] ¥ AIZHE F (FEA 2

FtE 7Y FFUID/Fo (FEAE A A2 F3¥7) ratio 3}
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(A)

Naringin10 y M

4_
-- GHLR
- pcDNA
3_
o
L 21
[T
1
G ] ] ] ] ]
0 15 30 45 60 75
Time (sec)
Naringenin 10 y M
4_
-~ GHLR
-2 pcDNA
3_
o
L 2-
[T
1
G ] ] ] ] ]
0 15 30 45 60 75
Time (sec)

% 11. GHLR o] ¥d¥ HEK—-293T cell o] (A) naringin 10
¢M A2, (B) naringenin 10 ¢M A2 & AIZHE F (2T

FtE 7Y FFUID/Fo (FEAE A A2 F3FU7) ratio 3}
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5.2. Naringin 1} naringenin 2| SEQo|=/

5.2.1. Naringin 2| 5 E9|=EM

Ho
>
fuieu)
i,
B
m{m
=
oft
o
Hu
)
BN
~d
)
e
[
an
—
=
=
Q

jm)

w

o
a
=
jm)

Atk 2 A 1 M9 FReAE Ad w7 o
2.3 Wi7HA F748kdal (18 12A), 10 M 9] FLolE oF
2.9 wi7kA] S7vede (1% 12B). 100 ¢ M 9] sEolM = oF
4 w7k F7veRd ek (18 12C). A= naringin X 2] Aol

UERhs @9 w37 wge FE ER JES e

N
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(A)

GHLR_Naringin1 yM

G 1 1 1 1 1
0 15 30 45 60 75

Time (sec)

(B)

GHLR_Naringin10 pM

G 1 1 1 1 1
0 15 30 45 60 75

Time (sec)
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©)

GHLR_Naringin 100 pMm

u 1 1 1 1 1
0 15 30 45 60 75

Time (sec)

% 12. GHLR o] @&d¥® HEK-293T cell o naringin (A) 1 zM,
(B) 10 ¢M, (C) 100 M A& ¥ A|ZHdE F (FEAZ F tx

9 FFYID/Fo (F2A A Alx FFE7)) ratio B3}
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5.2.2. Naringenin 2| 5L 9|E/

ntx7FA 2 naringenin o] i34 % GHLR o dist 5%

e s Bokrl e BPo® Ca?t assay = MG

1o
N

L
L

1 #M, 10 £M, 100 #M 9] &M SHHAT 1 M 9

=
[€)

oAM= A Br17F oF 2ui7kA Fhekelar (1" 13A), 10

Frl

1o

sEAM = oF 2.6 Wi7HA] F7FekdtE (L™ 13B). 100

AS

M
M

1o

SR oF 2.8 W7k Frhsth (29 130).

A

Naringin 3} "H7HAE 57k 24855 A Wt Fhshe

A}

o
o

10 M3} 100 M ApolefAe] 8t7] Zpol&= 0.2 Wl = naringin 9]

0.6W), 1.1 ve] 8] 1 =l 7k AA Frhehs AT wth

43

’;r“‘-'! ) C':l -L ]

Blow 1 pM 3 10 M AtelellA ] B17] 2tol= 0.6 Hl,

| &]



(A)

GHLR_Naringenin 1 pyM

5-
44
(=] 3-
°Z
u- 2M
1
u 1 1 | 1 1
0 15 30 45 60 75
Time (sec)
GHLR_Naringenin 10 pM
5_
4
o 3-
L
[T 2
1
G ] ] ] ] ]
0 15 30 45 60 75

Time (sec)
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©)

GHLR_Naringenin 100 y M

G 1 1 1 1 1
0 15 30 45 60 75

Time (sec)

% 13. GHLR o] ¥&d¥ HEK-293T cell 9 naringenin (A) 1
eM, B) 10 M, (C) 100 M A7 ¥ ANIHE F (FEAY £

t2 52 FHU)/Fo (HEAY A AX] FFu)) ratio B3}
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5.3. 5-HT4R T}4&l MZof SH LA A

[ —|

5.3.1. 5-HT,R 23} of 50| Cj
Aday

re
rn
ne
1
0x
0x
Ao
k1
ol
H1

PF-W7} 5—HT,RS A3 A|7Ith= ALAL ojn] o]d <

S5a WA Yok, ol @l Balo] olel@ ATE Fub

=

ol AL F=3 cAMP =7F RS Holom s xAeo o
o T4 BA9) cAMPE: theu} o] S3H gl
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Ad gdd 74 =2 cAMP5 % (pmol/ml)
Cisapride 10 M 53.432
Poncirin 100 ¢ M 31.893
Naringin 100 ¢ M 31.148
Naringenin 100 ¢M 28.339
Hesperidin 100 ¢ M 27.940
Guanidin 100 «M 32.349
Rutin hydrate 100 M 32.044
Citral 100 ¢M 27.196
Limonene 100 M 31.743
Neohesperidin 100 ¢ M 28.744

¥ 4. 5-HT Ro] ©d¥ HEK-293T celldl cisapride 10 M, A

Ao FATAAE 100 M B ¥ cAMP assay
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5.3.2. 5—HT4R 43} oJF o U3t dAdTAHEE AFE

2384.

UM 1FEE AP 5-HT,FEA 327 2 ddd s
AR, T cAMP A S7H7F 5-HT, F8A5 viZ/l= st}
© AL gAY A8 AGE 5-HT, F8AE Afsivty &
H% PF-WE 1 mg/mL% %% Aglsto] Kk mock vector
2] cAMP7} 17.830 pmol/mg 7} W24 H]8] 5-HT, &4 +

o] 4= 18.334 pmol/mg = FAHAY. PF-W7} 5-HT, &)

g A As ASAE ¢ dlaL, M aEsE A 4

ot

’

flo
e
32
Y
)
A
X

gelX F3eA 5-HTy T8AE dfdhes =4
3t =7}= H.<l poncirin, naringin, hesperidin, rutin hydrate,
limonene®] tial 10 M 9] ‘&%= pcDNA (mock vector) T
v Ad S Agsiint 1 Ay, A4 Ade bl A EEES A
st ol thxrel Hlal cAMP7F S3lshAl S7keh =22 glolt
PF-W7} 5-HT,R& Afrdths 22 Agddsid o g ets] ofd
@Y 74 =4l 5-HTR o E5AZ &b deuA &

sheie.

48
A 2-t}] &



Ad gdd 74 =4

cAMPEE (pmol/mg)

pcDNAT 5-HTRT
PF-W 1 mg/mL 17.830 19.334
Poncirin 100 ¢ M 17.676 17.660
Naringin 100 M 17.707 17.662
Hesperidin 100 M 17.707 17.662
Rutin hydrate 10 ¢M 17.438 17.347
Limonene 10 ¢#M 16.857 16.751

¥ 5.5-HT4Ro] ¥dd HEK-293T celle] PF-W

1 mg/mL, XA dAdTZAHE 10 ¢ M A F cAMP assay
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6. Discussion & Conclusion

o drolM e 237 AkelM de] ol gEo & A A

FE2= PF-W) o] 74 4& T oud A&o] 9%

r

Hojets AE ettt

AAe 73T +F 3 5= oln] # dHA Ut
+54E AsAZ W EE HEA PF-W+i= intestinal
= aRgom IHEAFe] HExl vk vk (Lee, Seo et al.
w3k PF-W7F 5-HT, F&A5 E43F Aoks Aol
(Shim, Back et al. 2010). T3t A3 AF-o|A PF-W7} 5—

SA gl 2E™ FEAE YT A S o

A
transit

2005).

3-8 5 o}

HT,

AT

g8y Gl i FaodAe o E#”o] GHLR ¥ 5-HT, RS

B3N 7I A A R vk ISl olee daEs

HhEo.

2 & dFelde PF-We 74 d4d =4 5 94438 =5

ade] 7H A Bk 2AHS Al s
5—HT, 7€ &4 cAMP A Fo

HT, el bz o ARgH+= WHs ol g8k (L,

it
Ay
)
_OIL
rlr
T

Geddis

et al. 2005), 299 FE&A ] A2 Ax Ul ZF 557 FoHA

= 7218 o] &3to] Ca®' specific binding dye?! Fluo—3 AMS

g

o

3l Ax W Ze v5

i
I

(0]

0

.-_;l'x_-! 3 k::l '|_

°o]-&

P w58 ATl wel Abg



HE 2w oA (Ca®" imaging) 71HE ARSI,
Depoortere et al. 2005).

2+ AdoAM = Al FAAE transfection Alef|] tix=a &
EXN AR 28 AdE Ee FEAVE ddEEo A &S Al

X AFATE &zl HEK-293T cell& ARt o8

F= ®Bolo, olgfd dAAE pcDNARES A7 =t oA
T sdatA dEEAT wekA o= GHLR= S43MAIAA Alx
Ul Zg Wsks dov)= 3lo] ofyil, HEK—-293T cellell W4
ox EAste Zay #AE Adoly vE FEAEs A
7= SO ve Q<o ® mEe 4 #fie doe o R
Qlth, X3E synephrine® 7 -$-olli= GHLR oA F/Fy o] 2.187}b
A F7rete] FEAl mAeAlEA Y s FEle]l oy dxd
Mol F/Fy AA 2,081 =2, et Zg #%10] GHLR oJE2 0]~
T %85S Btk HEK-293T celldl= %= thE GPCRQ! adre—
noreceptorZ} W& o] ¢l=1] (Camilleri, Papathanasopoulos et
al. 2009) synephrine°] ©] F&A9 E5A= <4#HA Avt (Ma,
Bavadekar et al. 2010). wegbx| synephrinel A%+ ©]

adrenoreceptor’} &4 3slx o] FFo] F7Isk Aoz {5 4 39
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ou}, Z7Agel Wed melt AeHow X AW

rL

A,

guanidine HCI, limonene, linalool, ciral, synephrine*] 2] A] el

rir

2 Yol GHLR= &3 AAA delhes mkgo] ofyeh=
AR S Brsl

HbA naringin? naringenin® %ol tiE oiv] GHLRT 9l
X F/Fy 9 F=3% 37 99lot. 7281 naringin® A $oles &
EE5 1 ¢M, 10 £M, 100 M4 AFsAE o $55 T7H
A4= F/Fy 71 2.34l, 2.94, 48] A& F7tsts Fds HSlo
Y naringenin® ZA$ol+= 1 M, 10 «M, 100 M °|A 233}
A W 10pMe 2.8¥felA AAE Fs HIuTh olE Ho}
PF-We9| o8] @444 +E < naringin@} naringenin®] GHLR
= A S & 7 AT =3 FFET peakE UERWE
A wEsk 30x ASE YEPFOE PF-WO 4 v2dhs &<l

3to] PF—W2] GHLR 7ol #3l| naringin¥ naringenin®] 1 €

AEAA Fh5Ayol W wvta @ 5 vt
b 5-HT,R 243 A@olAE AAAT9 vhariaz Pr-

W Ael A cAMP Z71E A% 5 AN GATYYR £

S+ 9. @ 99A] GPCRQ! adrenoreceptor? &5AZ <&
Al synephrine< ¥ screening®lA A3}t o]+ AAEHA] ¢

) xe] o] 5-HT,R EsAZ #gdtrtty F£8 % 9l
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Seteh. A4 W ofd mF AFo] 5-HTRel thall Az <
S SteA WA A AT naringin®] -9 A oA A RE
Az AQS poncirin® A AA W F2 AT HE EHA
AtH(Gupta, Mittal et al. 2011). JZFE] AAE 25714 A3
A5E 98 HE&F wo= F229 HYE Jal I FEES AL
23} 2 Y naringin¥} naringenin®] A|£A F3&of ] wWo] xE3F
Hol odgel daides &+ o d77F o3 FEoE Hl

e AREA AuE W PF-WO 33 &5 53 a3E F

o

QA YEl+= 522 GHLR

743t naringin¥} naringenin

o

1S FES = ok AP E Y male ratoll A o] Fojx ITR A&
of| A, cisapride .t} PF—W2Q] ITRZke] =24 H]s] 5—-HT,RS A

7

-

] ok}

o
it
i)
fatil)
o
AN
v
=

2 5 oolnh 938 APl A

kr

+ 3
4% rato] 5-HT,R ¥4 olyg} GHLRE # ZaEo] Q= A

S 19 £ w (Sanger 2008) PF-W2 A% &% =3 &

N
32

o] 5—HT,RXET}+ GHLRE #&o] & & vt AzelE 4 Ut

—

AA ApAE o] A 4ol GHLR S5A124 9 Alds W

a3l

rlr

ok

iy

OFE-E0 91wt (Ejskjaer, Dimcevski et al. 2010) A%
oA AtEHE =S gt SHXNE A7s RARgow FHEH
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cisapride &9 A& & FxlA o vla] WA FEolER] I

HO F&A7F m8olgh= A¥ PF-W 3 25t H&5 ol
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Abstract

A Study on the Mechanism of Prokinetic
Activity Induced by Compounds

In an Aqueous Extract of Poncirus Fructus

Su-Won Kim
Department of Pharmaceutics, College of Pharmacy
The Graduate School

Seoul National University

The dried immature fruit of Poncirus trifoliate (L.) Raf. (Ruatceae), Poncirus Fructus (PF), is
widely used as a traditional medicine in Eastern Asia, especially as a remedy for digestive
diseases. Despite its wide use, only a few studies have been reported for the effects of PF on GI
motor functions in terms of its single components. More than 50 chemical components,
including hesperidin, naringin, poncirin, citral, synephrine are reported to be present in PF. As
prokinetic effect of Poncirus Fructus is known to be through cholinergic pathway, and proved
to act on 5-HT, receptor and ghrelin receptor, our objective is to do screening single compound
of PF on those receptors. We measured there activity with there product when they are activated.
We used fluorescence microscope to detect calcium which is influxed from outer membrane
and calcium store in cell by activation of ghrelin receptors. And we used ELISA kit to detect
cAMP which is released from receptor as messenger when 5-HT4 receptor is activated. Human
Embryonic Kidney (HEK)293T cell is selected as control cell line, and we transfected HEK-
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293T cell with ghrelin and 5-HT4 receptor. HEK-293T cells were grown in DMEM containing
10% FBS, 1% non-essential amino acids, 100U/ml penicillin and 0.1mg/ml streptomycin at

37C in an atmosphere of 5% CO, and 90% relative humidity. Fluo-3 was used to detect level

of calcium in the cell, and used single compound in poncirus fructus were naringin,
naringentrin, hesperidin, rutin hydrate, poncirin, neohesperidin, umbelliferone, guanidine,
synephrine, citral, limonene, linalool. HEK-293T cell transfected with ghrelin receptor was
activated by naringin and naringenin, calcium level was dramatically increased compared with
there control group. That activation was blocked by Cortistatin-8, ghrelin receptor antagonist.
These result demonstrate that two nature compounds, naringin and naringenin in Poncirus
Fructus, act on ghrelin receptor and via such activation, they could have prokinetic effect and

have great potential as prokinetics.

Key Words : Poncirus Fructus, naringin, naringenin, prokinetic effect, ghrelin receptor
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