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Number: CCMP98-RD-104

Establishment and Evaluation of an
In Vivo-in Vitro Mode for Herb-drug
| nteraction (2-2)

Pei-Dawn Lee Chao
China Medical University

ABSTRACT

The special medication habit of Taiwanese may tasupotential risks of the
herb-drug interaction. Till now, there was limited vitro model available for fast
screening of herb-drug interaction. In this stuabgrice was used as a model drug of
Chinese herb. Cyclosporine (CSP) and methotrekdiieX] were used as model drugs
for substrates of P-glycoprotein (P-gp) and muliipiresistance proteins (MRPS),
respectively. By correlatingh vivo andin vitro results, we established a fastvitro
screening model for herb-drug interaction.

Based on the findings oh vivo pharmacokinetic interactions in the first year, LS
180 was used to investigate the influence of gijuym (GZ), glycyrrhetic acid (GA),
licorice decoction (LD) and Shaoyao Gancao TangQ@S8Y) on the transport of
fluorescent substrates and gene expression ofdhgpIRP2.

Thein vitro results showed that GZ, GA, LD and SYGCT signifitba decreased
the intracellular accumulation of P-gp substrate @nus were the inducers of P-gp. In
addition, GZ, GA and high concentration of SYGCTrsiicantly increased the
intracellular accumulation of MRP2 substrate angsttwvere the inhibitors of MRP2.
Thesein vitro results were consistent with threvivo observations. Therefore, thase
vitro models established in this study can be usedafirdcreening for the interaction
of Chinese herbs with P-gp or MRP substrates.

Keywords: licorice, glycyrrhizin, herb-drug intetam, P-glycoprotein; multidrug
resistance proteins
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5-Chloromethylfluorescein diacetate Molecular Probes, Inc. (Eugene, OR,

(CMFDA) U.S.A)
Dimethyl sulfoxide (DMSO) Sigma-Aldrich Chemical Co
(St. Louis MO, U.S.A))
3-(4',5-Dimethylthiazol-2-yl)- Sigma-Aldrich Chemical Co.
2,5-diphenyltetrazolium bromide (St. Louis MO, U.S.A))
(MTT)
Dulbecco's Modified Eagle Medium Invitrogen (Grand Island, NY, U.S.A.)
(DMEM)
Glycyrrhizin Wako Pure Chemical Industries, Ltd.
(Osaka, Japan)
Glycyrrhetic acid Aldrich Chemical Company

(Milwaukee, WI, U.S.A.)
Hank's Buffered Salt Solution (HBSS) Invitrogen &Gd Island, NY, U.S.A.)

4-(2-hydroxyethyl)-1- Invitrogen (Grand Island, NY, U.S.A.)
piperazineethanesulfonic acid
(HEPES)
Nonessential amino acid Invitrogen (Grand Island, N.S.A.)
Rhodamine 123 Sigma-Aldrich Chemical Co.

(St. Louis MO, U.S.A))
Sodium dodecyl sulfate (SDS) Sigma-Aldrich Chem(cal

(St. Louis MO, U.S.A))
Triton X-100 Sigma-Aldrich Chemical Co.

(St. Louis MO, U.S.A))
Trypsin/EDTA Invitrogen (Grand Island, NY, U.S.A.)
Verapamil Sigma-Aldrich Chemical Co.

(St. Louis MO, U.S.A))
H & Zi

3
EL
g

S -
<7

377



CFFEA (REE) F-P ¥

- RERA

e AN Hermle Labortechnik GmbH
(F.R. Germany)

R MR B A 1 Eppendorf AG
(Hamburg, Germany)
Nikon Co.

(Tokyo, Japan)

Branson Ultrasonics Co.
(Danbury, U.S.A))
Eppendorf AG
(Hamburg, Germany)
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Thermo Electron Co.
(Waltham, U.S.A))
Tih Der Scilab Technology Co.

ZF “REEH

AAR ViR T K .
AR (Taipei, Taiwan)
Mettler-Toledo GmbH
& . .
(Greifensee, Switzerland)
— Tsao Hsin Enterprise Co.
& Fk T o

(Taipei, Taiwan)

Didisystem Laboratory Instruments Inc.
(Taipei, R.O.C.)

Axygen Scientific, Inc.

Vil o A .
S (Union city, CA, U.S.A)
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LS 180 G R EEA T
(Hsinchu, Taiwan)
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#-1.S-180m % 12 %+ 9634 12 % 45 (1x10 cells/well)> & 7z %
DREA {8 > 7% o LS-180 cellsz incubation mediumi: HBSS
(Hanks’ balanced salt solution) 37 10 mM N-2-hydroxyethyl-
piperazineN'-2-ethanesulfonic acid (HEPE%)5.5 mM glucose} T
" NaOHR FpH EL 7.4-

gyt &k > 1 100 pb g rhodamine 123 (1QuM) 2
incubation mediunas & 1 -] FFis » kA e PBSifikmie = =t o
£z k7R ¥ 52 incubation mediumt 37C & 4] FF > 4
{6 1 7kie e PBSE-i# # LY Aamfe = = > T4e ~ 100 ul 2. 0.1% triton
X-100*t 28 F & 30 minie » i * 5 #5047 &4 485 nmi o
dE 3 E28 nmEE B~ ¥ kg B o

¥ 32 063t35 & 4 ¢ 4~ 200 pl Bio-rad® 35 A 45 R4 0 4
> 10 pL 5 0.1% triton X-100/% f%2. fmP2 % > R bi’na g
microplate reade¥t 570 nmzig Bewx Sk iE | e i 0 2 E

(= )*1 FRHEYSE I RRAZE HEY X FH MRP % %‘r@@q
/8
Es ﬂ

#-LS-1804m%% 12 % *+ 9634 12 % 45 (1x10 cells/well)s & fnz =
DREE {8 > 7% o LS-180 cellsz incubation mediumi: HBSS
(Hanks’ balanced salt solution) z7 10 mM N-2-hydroxyethyl-
piperazineN'-2-ethanesulfonic acid (HEPES) 5.5 mM glucose}
12 NaOH#R FpH E 2 7.4

‘w,!f fmPe 3y & ko 1 pkiA G PBSH ik fm e = =t o A %) 4e » 50l
CMFDA (2 uM)% 50 uL 7 ,% 7|k & # &2 incubation mediunt®
37C % 30~ 45 - # % incubation mediunis » 11 k4 e PBS i

;%‘—ﬁ*ajém’?é'i = » T4 » 100pL 2. 0.1% triton X-100* 28  J& 30
min (& > 1% % # & A 47 R 485 nm i Eow £ > 3t 528 nmig B
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¥ 3206335 & 4 ¢ 4~ 200 pl Bio-rad® 36 A 45 R4 0 e
»~ 10 pL % 0.1% triton X-100/% f#2_ fm*®2 % » R bi’—ﬂ% s
microplate readet™ 570 nmif B~rx sk B Pl T i 0 7 &

e AR HE AR T ORARE BEY TFEP-gp mRNAz< ma%zzgﬂ
(- ) w1z %

#- LS 180:m7% 32 %+t = 3t 12 % 45 (1x1Pcells/well) » *+ 37°C 2
& 12/ pF o BHPEES > B ",f}fi j\Li% %k o kA S PBSiA
il Ao BRRZ WS B BTCRA 4] P

(= ) Total RNA z_ % 2~(2)

BA AL BERAR o kA PBSRmE i 4
~ 1 mL % B~2%|(TRIzol® reagentl ‘m¥ 3 f2 > “§2_ %% fad #
RNAase-free e 38 ¢ » W ETHE 5L 44 » 02mL 4
RIS FE 2~34 45012 12,000 g 25 4 450 2~ 0.4 mL
PR 2 ATORHCE S E 0 4~ 0.5 mL isopropyl alcohol i i {5 #
B 104 48> 2 12,000 g~ 15 4 48 - Sgis B3+ ik > 4o r 1ml
75% alcohob rz 7,500 gét.< 5 min» F3 ¢ ik 0 F3% T g7 0 b 2
50 pL diethylpyrocarbonate (DEPC) watei® & 154 » B~ L ul 4v »
49 uL DEPC water B~ 50 uL | #_260/280z. O.D +* & ¥ Z_& total
RNA 2 k& -

(= )RT-PCR
1. Reverse transcription
B~ 5 g 2 total RNAH &4 » PCR& * z3 ¢ » 4o x 1yl
oligo dT primer (2.5uM) ~ 1 uL dNTP mix (0.5 mM)> ¥ 4 » 0.1%
DEPC water#-H #8448 2 12 pb o gz 4 £ B3 65CF & 5
BT o 2 W R YR 2048 0 BEfS 4 ~ 4 bk 5X First-Strand
buffer~ 1 uL 0.1M DTT 2 1 uL SuperScript" 1l transcriptase (200
unitspul) » R £353 15 » 3 50C K B 604 480 £ 70C F & 15
b KA B 200 F ¢ o
2. Polymerase chain reaction (PCR)
P~ 2 pl cDNA 3% 4c » PCRE # 3¢5 @ » 4 » 25l 10X
PCR buffer 0.5uL dNTP Mix (200uM) ~ 0.5 L forward primer (10
uM)~0.5puL reverse primer (1aM)~0.5uL Taq DNA polymerase (5
unitsuil) ¥ 4v » @& F-k #-H 8 fF A 1 25 pl o #F g B 0
MyCycler'™ Thermal Cyclerit 7 & & £ & » F b2 & {4 % PCR
A 4 %13 30-20C -
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3. PCRA # & k| & 7
(1)" %
#=2~ 0.8 g agarose: = & 443y ¢ - 4 » 40 mL 0.5X TAE
buffer> ik @ 2 = 2732 c 22 E T E A v 27 8
i & > #-agaroser| » WHH o F R ﬂ&iﬂ LS E
WA
(2)% #
R A E ~ 0.5X TAE buffere /& ~ 3 uL Marker &2
10uL PCRA 4+ (L& 2uL dyeig £323 3w p » L1 i F
BRGBOV)Z A B L4 £ 12 100VEFT A RiAR S > B
A 41 > 12 etidium bromide (0.5ug/mL)% % 4 5 4 4 > B~
RIS R R DR —+Lx?—fyb 1~2 %~ 4 > S {6 1 UV
Transluminatorglz » ¥ #-7 A % & Rkt 5 o
I -4 ¥ = ¥P-gp ATPasez —Ezgs
Pl ¥ = ph HP-gp ATPas@’ 8% » i * Pgp-Glo™ (Promegads#| . o
Hh o J 96 E K e /\20uLassay buffer fiplzdie ™ > & B4 » 20
uL NagVO, ~ verapamik + ¥ =t f& » £ 4 » 20 pL 7 P-gpiied-v **37C F
JE5A 48 o 5L 14 4e ~ 10 uL MgATP » 4“37"01 Bdek 404 48 0 F R4S
4¢ » 50 uL ATP detection reagent - *+ % 8 & & 5204 45 ¢ ﬁ A2 Ak
z_r2microplate readen ip| 2 4 k3% B o
IR 7 YL R A
runpaired Student’s t-testdT £ w2 e 2 £ 8 o
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Mgt en SDS R fEfS 0 L E 570 nmT Bl H O.DEE T B o B % Ao
Figure 1-5#7 » 0.5~0.01 % (v/vV)DMSO- 5000~12.5uM 4 ¥ fiz ~ 50~0.39
WM 4 ¥ = ~3000~23 pg/mL 4 %k 7 #) 2 3000~23 pg/mL 5 E 4 8
LS 180/m e 2. FiEFHa P B -
"ﬁiﬁ‘ﬂiim‘ﬁ#LmﬂﬁﬁgﬁﬁﬁﬁPﬂwwmpﬁﬁﬁ
(- ):HPQIO)» ?ﬁ@%\/\? =
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7% ?45’46’ G R A R A B i:‘f%
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» e S 0 €Ak P-gp bR dmre b o doH FAL 4 S0 -ﬂ
Effk FAS €Y YA P-gp% ‘hEiE* 3 F2 4 rhodamine 123
WwmE N FRHFITEIINBE o AT HRET P-gp 2 P H
verapamllnf % positive controF2 >3,
deor o RS e 3t K P B % 4o Figure 6 ¢7 > B kR PE
(2500~ 1250uM) - #f %2 p rhodamine 1237% # #fr#le® > ©
KEMFELE ApF o 312552002 100uM g Fpk 0 B A u
g 231 % 24.3%% 231 % * EEFLE -
HERAHTEA TR S AT F B RATH Y
ﬁ‘&mﬁﬂ‘%‘?ﬁﬂ IF ﬂj!‘ﬁ'ﬁ."'}”;»lb’ ”%LE/EJL ‘o m]}‘-]&\)‘f*%\-
HEX > i @ e R P R IS L) 5N
B Y AR o B Pgp PR F L
TR MHEIEKE mie R & P 2% 4o Figure 7975 » 100~ 50
2 25uM 4 =)k ¥ *% i< rhodamine 123% ¥z p % #% iE 83.0 %
79.0 %% 49.1 %- 7 v %4 DMSO T & % = rhodamine 123+ ‘w2
EAF R o SR X M FH 40 rhodamine 123w
bt VAR R AR S P-gp g R 0 0 - gk By ke g
BFT 73R4T 2 4p ke o Yoshida% « 7% 4] * &7 4 %5 MDRL & 7]
e LLC-PK1 ‘w% (LLC-GA5-COL150 m*¢ )32 Caco-2:wm*s » 3¢
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P-gp F[°H]digoxin »* smee @ e ff % 7 g g0 £ % k4 1 4
I ApE s P-gpenFr A o FELATFE R - EOEHT RS O H
JRH X Rt CSP2Z kR %2 & g ff3op T '8
Yoshida % * cH#8 ¢t -3 s p cne 3 (5 B> T B B A RR
TRAPE o ApE e AR TR e A M 0 H X G
P-gperh F& > TP cn 3 1F% B R G - R FP AT AT
FH N AR B ERMEPN I T 284 2R Y
E2Ez2 58 “,f PriE * i e R A e ¢t > Yoshida & 4 fdF 3
[*H]digoxin + fm®z ¢ % 4% B » B_H]digoxin 2 # |1 & 4~ |
SR & o Aot BRI R T e el R ) e v Sl
* > @ AFE 3 H_L rhodamine 1238 » fm®z o f 4e » Fiplde o g
TRV ELERPHERITE w A 2 P T g% H
L e b2 B o

W IpL 2 4 & pao rhodamine 123tttz o E A B en
FERA T HE XA 25uM kR T o T H P-gpenth 2P BT B
M E T 100 uM > 2 P-gp et P RER R 0 H g stk R
AMEAR RPN - LBV RO T IR TR R
B e P-gp it e}; i 57 F]M o 5F L H 4 ggn;z PR RER 7Y
WSS o JRP A RHEHRY A CSPH+ 82 4 e 3 4
£ T K

YL BORF RS e 3 & B0 g % e Figure 8475 0 A 1500+
750~ 3752 188pg/mL =k & T > rhodamine 123t ¥ ¢ ehE 47 -
B BEE M e g e 33.4 %~ 37.1 % 41.2 %% 38.4 % ot H ¥
KB B 47 rhodamine 123j s ve b3 > Heipld &k B A
P-gp g HAl - B - B g Y A RA 2 FEE A R o
Huang & 4 4% ~ &% %% P47 2 (Ussing chambef)rig 7 0
WAL o HIkRAE Pgperdrd|# o Ko A HF - & PF
WETe*lr 4 X KR A F'EXCSPZ L kR 2
Zo ff 0 FP o Huang 3 A e ehi@Bs B R SR P ch 3 (7%
Flbdp F oo Ap¥Feh AP TR D e AR T 0 H FOKR)
B G P-gp v A e RAHMA IR 24 a A FET R
FRNLE o BEASTEY PRHRA G TR -

R EY B8 e g & pF o % % 4o Figure 99757 5 1 750 %
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Figure 2. Effects of different concentration ofglyrhizin on the viability of LS
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Figure 3. Effects of different concentration of glyrhetic acid on the viability
of LS 180 cells.

140
120

100

Viability (%)
o 0]
o o

N
o
1

N
o
1

control 3000 1500 750 375 188 94 47 24
(Mg/mL)
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Figure 5. Effects of different concentration of 8@ Gancao Tang on the
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Figure 6. Effects of glycyrrhizinyM) on the intracellular accumulation of
rhodamine 123verapamil (V,uM) was used as a positive control.
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Figure 7. Effects of glycyrrhetic acigii) and correspondent concentration of
DMSO (D, %, v/v) on the intracellular accumulatioh rhodamine
123.Verapamil (V,uM) was used as a positive control.
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Figure 8. Effects of licorice decoction (LDyg/mL) on the intracellular
accumulation of rhodamine 12@erapamil (V,uM) was used as a positive
control.
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Figure 9. Effects of Shaoyao Gancao Tang (SYG@ImL) on the intracellular
accumulation of rhodamine 12@erapamil (V,uM) was used as a positive

control.
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Figure 10. Effects of glycyrrhizin (G4M) on the intracellular accumulation of
GSMF.MK-571 (M, uM) was used as a positive control.
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Figure 11. Effects of glycyrrhetic acid (GAuM) and correspondent
concentration of DMSO (D, %, v/v) on the intrac&luaccumulation
of GSMF.MK-571 (M, uM) was used as a positive control.
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Figure 12. Effects of licorice decoction (LOug/mL) on the intracellular
accumulation of GSMRVK-571 (M, uM) was used as a positive control.
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Figure 13. Effects of Shaoyao Gancao Tang (SYG@g/mL) on the
intracellular accumulation of GSMF. MK-571 (MM) was used as a
positive control.
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Figure 14. The agarose gel analysis of MDR1 mRN@ression in LS 180 cells
after treated with verapamil (V, 2Q0M), glycyrrhizin (GZ, 100uM),
glycyrrhetic acid (GA, 5QuM), licorice decoction (LD, 75@g/mL)
and Shaoyao Gancao Tang (SYGCT, #§0nL), respectively, for 4 h.
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Figure 15. Effects of verapamil (@®&l) and glycyrrhetic acid (GAuM) on
P-glycotrotein ATPase activity.
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Table 1. Substrates of P-gp and MRPs.

Substrates of P-gp Substrates of MRPs
Amprenavir Acetaminophen
*Cyclosporine Anthracyclines
Digoxin Antiviral drugs
Doxorubicin Bile salts
Etoposide Bilirubin
Fentanyl Camptothecins
Fexofenadine Cisplatin
Indinavir Cyclophosphamide
Loperamide Daunorubicin
Morphine Doxorubicin
Mycophenolate Etoposide
Nelfinavir 5-FU
Quinidine Glucuronides
Rifampin Glutathione conjugates
Ritonavir Heavy metals
Saquinavir LTC4
Sirolimus Melphalan
Tacrolimus 6-Mercaptopurine
Verapamil *Methotrexate
Vinblastine Purine
Vincristine Pyrimidine
SN-38
Sulfinpyrazone
Teniposide

Vinca alkaloids
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Table 2. Comparison of the effects of glycyrrhi@iZ), glycyrrhetic acid (GA),
licorice decoction (LD) and Shaoyao Gancao TangGSY) on P-gp
and MRP2n vivo andin vitro.

Invivo effects | Invitro effects Consistency

P-gp MRP2| Pgp MRP2| P-gp MRP2

GZ ! | | { Yes  Yes
GA ! | ? { Yes  Yes
LD 1 | 1 — Yes  No
SYGCT t | | { Yes  Yes

} :increased efflux
| : decreased efflux
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