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(WE] a&® WaaEH. <8FMGEEHELRMEIED FF-123 (Rho-123) ) I W AE Fl % FHLH
Fik  HERRBINIBR, [ AN EA 10 mL K-R B K887 T 45.0 mL 37 CH KREW . M
BTSN P AT B WY Ry 60 pg/mL A0 E i & B H A A& LM, F 30 min 5 A Rho-123, F =208 AH
(OG-SR IR A P9 Rho-123 1 & ik, Bi3R A5 40 Caco-2, 23 I A MR BE X2 80 pg/mL (1 B il %
BAFIIRE A AMAE T 48 b i U0 O ARAS DU P OB 2 1 (P-gp) B335 5 R ] qPCR 46l P-gp P MDR1 mRNA
Mk, %% B LEFHEMIREEHER MR B2 i A E s Rho-123 1 MR i 58 4 B0R 22 WLl 7 7 5L
(P<C0.01), FEAK P-gp K H L MDR1 mRNA [ 3% ik (3 # 1 F 19 BE AR 3 4 33 2 53. 1526, 55. 10% ., 61. 8620 K
55.41%6.16.24%.,38.46%; P<<0.01), ## il P-gp MILIEF AL P RER A B 2 B A MR A B K T
Rho-123 f7 MR Wi 2 Z2pLi =2 — .
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Promoting effect of volatile oils of Shichangpu., benzoin or storax on intestinal absorption of Rhodamine-123
and its mechanisms
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[Abstract] Objective To explore the intestinal absorption-promoting effect of volatile oils of Shichang pu, benzoin
and storax on Rhodamine-123 (Rho-123) and its mechanisms. Methods Rat in vitro everted gut sac (EGS) model was
made. The EGS was filled with 1. 0 mL. K-R solution, and suspended in 45. 0 mL 37 ‘C K-R solution with or without
60 pg/mL volatile oils of Shichangpu, benzoin or storax. After incubation for 30 min, Rho-123 was added in the
experimental solution outside the EGS. Rho-123 content in the EGS was determined by high-performance liquid
chromatography-fluorescence detector. The human colon carcinoma cell lines Caco-2 were cultured in DMEM and
incubated with 80 pg/mL volatile oils of Shichangpu, benzoin or storax for 48 h. P-glycoprotein (P-gp) expression in
Caco-2 cells was assessed using flow cytometry, and P-gp gene MDR1 mRNA expression was determined by qPCR.
Results The volatile oils of Shichang pu, benzoin and storax each significantly increased the absorption rate constant and
apparent permeability coefficient of Rho-123 in rat jejunum and ileum (P<Z0. 01), reduced P-gp expression and MDR]1
mRNA level in Caco-2 cells (the decreased rates of P-gp expression were 53. 15%, 55. 10% and 61. 86 %, and of MDR1
mRNA levels were 55. 41%, 16. 24% and 38. 46%, P<C0. 01). Conclusion Inhibiting the protein and MDR1 mRNA
expressions of P-gp may be one of the main mechanisms of volatile oils of Shichang pu, benzoin and storax in promoting
Rho-123 intestinal absorption.
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1B 7 BB v 2 05 7 bR Y
JFFFFEES 254 5 T 1 ke 0L PR A R BRL 1 ot s
BEX EAT B R ERY . ZEEF RS EF R
/N RO G 2 5 AR e o v A SR o R B
REIE i = A0 SO R 2 FHBH 123 (Rho-123) 1 43
A o LB AN 5 1 I i ot s 1 A S 2 A . A
R A it K BRI A 7 B 1 5 % 2 42, 396 Jon g P 3 S L
WERIPRZ AN SR . ARBFE 4l & B A i
BB RSB AEHE Caco-2 2% Rho-123 (1
B A B RER I A A 3.4, 5- = AN
BERAE SR A s AR 3 0 A AL ARURE T 7K
A BRI 2R 24 09 2 AR RS o R Il i 1 W
PAKAE Caco-2 41 g 5o 2 A8 AL i iy 55320 H AT B
T 2 AT R A A 2 R ST A ML AT AS 375 A
AHIFFE R R B A B R RN Caco-2 4H . B3 A
B 7SRNG R X Rho-123 i 5 ia (1
TEF B HHLE, X 3 My s P &R (1 (P-
glycoprotein, P-gp) /-3 i 25 P B AR H AL S B0 K 3

1 ##7E

L1 #h#5mme  SD KR, SPF 9. (KT
(280420) g, H1 P4 225830 Ry 1=~ g 52 5 s ) s
AL, B A PV ATUE S : SCXK(BR) 2012-003, A
L5l ARk Caco-2 W T Bk e i A 2
L2 XA AEW EEEMREHWTINENZ
FATT » ol YU R A iRk e s U B 2 7
S9N Bl Acorus tatarinowii Schott, B TR
X L EAERMMEY A HE K Styrax tonkinensis
(Pierre) Craib ex Hart [ 1 4 8 fig F1 75 & 7 W
Liquidambar orientalis Mill. $ T 43 W 1) 75 #4 g
DMEM @i 35 72 R A 13 - £ R U 2 e — 40
(EDTA-2Na) Fll [ & 1 i (L[ Gibeo AR s —H
FF AL (DMSO) #i1 Rho-123 (3£ [F Sigma-Aldrich 23
A s FRERAERIMAK RS WK (Vers BIFARFHI25A R
A A IS 140127) . PE-UIC, SEGHT 4 PE-
TeGr, 6 i B %4 BB 6 (2% [ eBioscience 44 )
SYBR® Premix Ex Tag™ I i& 5] £ PrimeScript®
RT reagent iR 7| & fil RNAiso Plus i& 7 (K i#%
TaKaRa 23 w]); 35 g B (35 E Biowest 24 w));
DL2000 DNA Marker(Jt 5t & 5 2 AR 24w
L3 A& 1100 &5 o 280 A i X (58

Agilent 24 7)) ; C150 CO, #3544 (£ [E Binder 2%
w)) s FACSCalibur A1y x40 ff1 A% (32 [F BD 23 7))
TE2000-U A8 & 2 #4458 ( H A< Nikon 23y #]) ; 5804~
R A & o ¥ VR B 0 WL (FE B Eppendorf 723 w])
JY300C ML UKAL (Ab 5t B AR 7 Ak B2 A FRA 7DD 5
WD-9413 BIBERE G 3 B AL (ALt i R —AXAR) ) 5
iCycle 26 =M (3& [E Bio-Rad 24 H]) .,

1.4 BEWH KA B FFR R s iR 0
& IO AW ZEFEMGEE TREERE
TR AR (24~65 H) 200. 0 g, 4351 T 2 000 mL
TR, BE A N TR T ) 24 1) 2 vl
R WS A (B4 Bk 70 8%0, o4l o i
5.490) VB BT (R ETFIE 4. 50, B RS 0. 56 %6 (i
i 0. 34Y0) FIFR & (& B & IRK g 30. 420, K &
W 1. 8%0) F8 Jiih. KG 95 FR IR 45 il 3 L A
DMSO ¥ fift » il 25 A1 & il 2B A MR 6 B 8 K T
10% DMSO fi fim . 4 C¥ s . SConnd,
JFHAFLE PR 700 R B — o VAR B

L5 Mo gs HiSCER[9-101 05 R BURTE
o BEIE ALY I 2. 0~3. 0 cm, P B K B
J . BT KRGS VK K-R g 15
I3 B BUES i S [ i B 10 e FH G 14 B 289 4
Rl il W TR R, — i T 22 R FLE L TS — i
NSRS (4. 0 mm, SME) J5 2 & 4540, 17 i %
WIEA 1.0 mL K-R B FRK. #5082 F T
45.0 mL 37 CHY K-R W 358 A 95% O, +5%
CO,. Zralm e sy K-R i om A A Bl &
B A TR (ZWRBEEIH60 pg/mL) , FHME
XFHRZEANA 100 pg/ml Ver, iE 3 % BR 4 A 2545
TR DMSO K-R %5 (DMSO 2 B 14150, 05 %) ,
J¥E 30 min J5 . M B RES K-RFWE A Rho-123
(el R 1.9 pg/mL), 23051 F 15,30,45,60,75,
90 min I} A EIRHEE i UREO. 2 mL, JURE S 1] 9 Ji
M = b5t K-R B IR [ 2 (K. K-R )
t Rho-123 1% ¥ B2 & T i 8800 AH 8, 3352 't A6z T
(HPLC-FLD) J5 355 #4710 7 . Rho-123 W i 5
(Q) . WLISGH R H . (Ka) RSB R (Poy)
7 N 1| /A= U ) I

n—1
Q71:C71V+ %jlclvt (1)

Q. A n AWUFE A Rho-123 H MRS s n R HL
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FEREGV WIHBE BBV MERE R C, N n A
BURE S5 Rho-123 flHk .

Ka:AK (2)

K 7 Rho-123 PWHSCER: Q X HURERT [H] ¢ frfs
2Rl T7 R IR s A D IRz 25 M i A RO

_dQ 1
Papp d[ ><A(:o (3)

dQ/dt Jy i ] Rho-123 WL s A R
BB YA SRR Co S B #E 5k Rho-123 [47]
B E
1.6 MTT %% ¥ Caco-2 41 i3 5P T & DMEM
BEFRA S SRR R 1000 IR AR LI
I AEA TR &SR 120 LA, BT 5% CO..
37 CHyEEFRAahiEsR. PR FRIR . Y AM A K
802 ~90 %ol i, H EDTA FREHE IEL1S

¥ Caco-2 401 (1 X 10" /mL) 350 T 96 FLI55%
M, 55 3% 24 h Jg. i m A& A 0. 01%.0. 1%,
0.3%.0. 801 1. 0% 1) Ver 5if1 B 1 . % B & AR
BEEIMBET 2 L FEB IR BRAL A 2
FAL (AL DMSO AR EEYN 0. 1%0) . 4ksk
7% 48 h, W £ FLIEE T2 Jn 5. 0 mg/mL MTT
VAW 20 pL AREERESR 4 b, 2 BWEIRUE . 1T 150 pl
DMSO $i77% 10 min J&f#45 & » BRI (490 mn) il 2
e (D) (E., MR () = (AR25FL D (E/
BRI X BEFL D {ED X100 %0,
1.7 #XmpARnE Caco2 fmie P-gp & G 14 &
® BOURERIRE0 pg/mLi) A B ZEF RIS
KM 10 pg/ml Ver 43555 Caco-2 4 ffEH
48 h 5 THALIFIRAT I B A B . 4 C 300X g
29,010 min, fJ4 CYR Y PBS P 2 k. ¥4

FREZE 1107 /mL, 254145 B 100 pL 400, A
AN 2 By s — i Ry IRl BT B2 A PE-TgGy,
[FIRIS HEBLAAR 5 s o — i A BAPE 42, 5 s
Pl —ife % A PE-UIC, 9856hiik 5 pl. 4 CHEE
30 min, PK¥ Y PBS B4 2 ¥, 300 X g B.0» 10 min, F
0. 5 mL PBS 52k, it XU E DO IR .

1.8 PCR @ & Caco-2 #m s P-gp # B MDR1
mRNA 5 &i% i TRIzol 33 BUE RNA, cDNA
A L IR PrimeScript® RT reagent 7 & 15 W] 5
fE:37 'C 15 minX3 Jg#%45%,85 C 5 s %ki%. qPCR
i B SYBR® Premix Ex Taq™ [ {5 & BH-H 1T
e, MDR1 FiEs|#)% 5. 5 -TCA GAC AGG
ATG TGA GTT G-3'. T8l ¥ ¥ 5. 5'-AAT
TAC AGC AAG CCT GGA ACC3', W %
GAPDH L38145% .5 -GAA GGT GAA GGT
CGG AGT C-3', FlEa #1891 :5-GAA GAT GGT
GAT GGG ATT TC-3', FIW &A% 95 C #ias
305395 C 35,60 C 30 s,40 MEH . KX
SIRTETTE 24 MDR1 mRNA K35,

1.9 Zitsas N SPSS 16. 0 FrFAb I%E
PR 2H [1] 26 5 LU AR TR ST AR A ¢ A 360, A2 36 7K HE (0
S 0. 05,

2 & R

2.1  BIEE w3t KA AR B & Rho-123 Ka
Ao P 9%e SEIRASR R DERW A8 Z0F
I3 A 75 ¥ & ¥ 0] B9 Rho-123 11 Ka fl Py,
(P ¥5<20. 01 s 45 i A1 1) Ka 2359 A 1E 5 %o R4
M 141,116 1 1. 17 £% S 1. 36,1, 73 FI 1. 65 %, Py
A3 IE G BEAL) 1. 47,1, 21 A 1. 22 £5 )% 1. 28,
1. 73 F1 1. 68 15,

®1 AEHR.ZRBENAATERMIKRIMNAGE Rho-123 Ka 1 Py, B350

Tab 1 Effects of volatile oils (VOs) of Shichangpu, benzoin and storax on absorption rate constant (Ka)

and apparent permeability coefficient (P,,) of Rhodamine (Rho)-123 in rat everted gut sac

n=6, rts
Dose Ka (pge+s ! ecm 2,X10 %) Puyp(em e s71,X107°)
Group _
o/ (pg + mL™1) Jejunum Tleum Jejunum Tleum

Control 0 4. 0740. 31 4.31%£0. 33 1. 0940. 08 1.20%£0. 09
Verapamil 100 4. 88+0. 24 7.8440. 45 * 1.3640.07* * 2.1940.13**
VO of Shichang pu 60 5. 7440, 47" * 5.8540.52* * 1. 6040. 13* * 1.5340. 14* *
VO of benzoin 60 4,7140.30"* % 7.4470. 477> 1.3240.08* * 2.0840. 13" *
VO of storax 60 4,77+0.32* 7.1240.58* % 1.33+0.09* * 2.0140.16**

** P<C0. 01 vs control group
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2.2 BIEE H5 Caco2 A E R % 1.0~
80. 0 pg/ml A7 E i\ & 5 F I3 A 7 45 & lAE H
48 hig » A A AT R IR TF 90. 020 , a B 7E B 77

T B AL A L2 R A AR5 A 4 i X Caco-2 4
X JC A R AR GR 2) .

K2 OEH ZEEMHATELMXT Caco2 MEFEEHZIT

Tab 2 Effects of volatile oils (VOs) of Shichangpu, benzoin and storax on survival rate of Caco-2 cells

%, n=6, Tts
Concentration of drug ps/(pg « mL™1)
Drug
1.0 10.0 30.0 80. 0 100. 0

Verapamil 98.91411. 32 95.1348. 24 86. 3249. 27 83.52+10. 14 78.5247.36
VO of Shichang pu 99. 9249. 58 99. 09410. 42 92.734+12. 27 90. 4349. 39 88.791+10.72
VO of benzoin 102. 06412, 54 98.1749. 62 95.204+13. 85 92.75412. 09 88.49+10. 35
VO of storax 105. 06+13. 53 98.57411. 29 91.254+11. 37 90. 52410. 62 81.90+09. 35

2.3 BIEE mst Caco-2 tm it P-gp & & AL W%
W PERE 80 pg/mL WK EEWFSE 1A B L B AR
IE AN Caco-2 4 Ml P-gp #E HRIKM
Wi, Z5RRB]L A B L BRI G B K a]
WA P-gp & [ 33k (P<<0. 01) , HiFRARF 4 91k
53.15%.55. 10% F11 61. 86 % . Fh& 7 4% & i /E
DO T A0 B R 22 A FE A0l T A0 T AN A 4
RIMMERZR TR EE L (FE D,

x3 AEH.ZEBENAEGEELMBX P-gp BEH
REERE MDR1 RiZH T

Tab 3 Effects of volatile oils (VOs) of Shichangpu,
benzoin and storax on protein and MDR1 mRNA
expression of P-glycoprotein (P-gp)

n=6, Tts
Group Dose P-gp MDR1 mRNA
o/ (pg s mL™D)
Control 0 1. 00£0. 00 1. 00£0. 00
Verapamil 10 0.5740.05** 0.65+0.07"*
VO of Shichang pu 80 0.47+0.04** 0.45+0.08* *
VO of benzoin 80 0.45+0.03** 0.84=+0.08**
VO of storax 80 0.3840.03** 0.62+0.07"*

MDR1: Multidrug resistance 1. * * P<C0. 01 vs control group

2.4 BAEEK k3t Caco-2 4w MDR1 mRNA k& ik
a9 80 pg/mLfr B LA I A AL
YEM 48 hEEBE M Caco-2 4 8 P-gp % MDR1
mRNA 723k , FLRRAIRZ 4 510 55. 41%.16. 24 %
FH38.46%0, [FIAFUREETT . f1 B #E & AR FH ok
INE BRI BIVE IR Z 22 8 A 48 R A F B 55
(#£3),

RIS & I

P-gp N2 25T 25 PERE N MDR K897 4) . 2
B ™ A 22 2t 245 1 1 2 2 e R Pgp MY

TENPIE AU T 2238 1 HAENUA Y 15 738 Bk s i
AN B2 A i s T O N b R AL SR AL
AN LA PN B A TN R G AR 0 5 ) A i 3
T S A8 2k BENESME R Y T HE s A A1
NIIb AL ESEY/OL T e TR

25 R A B BB MRS BN
2 a] g | S A 25 W) B3R B, AT & 450 97 AR
R AR AT A VR HENAE
A RS 2 B A T A -4 = Tk R AR gk
Rho-123 7. Caco-2 41l N i) SR 4E » B AR A0 it 15 % WK
i Rho-123 P& it . AW EE K, A &8 . &
SRR T 2 i B ] AR E R BR 2 i A T i Xof
P-gp JiK4 Rho-123 Wz I, 3 /i Rho-123 ) Ka #il
Py SGERAEIR A B LR E RN G R
it Rho-123 W I/EFI AT BE 54 P-gp A K.

BT AIR R A B BRI
R AT g Caco-2 40 P-HE 1 S H B MDR1
mRNA FJZIRFEAL, 3278 ) P-gp SOH AL )%
IKFTRE R AT BT 2 B A R R A AR A 2 4 I A
SR EEAE ML Z —. R AR KB, A
ENl 2 B ARG BT P-gp 8RB
X MDR1 mRNA {3 3K i il £ P 55 0 F A — 2
FIREJE B T B 2 B AR B A 5 K P-gp
()27 SR RN R A IR T3
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