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A Systematic Review on Potential Drug Interactions of Korean Ginseng
Based upon Cytochrome P450 and P-Glycoprotein

Ki Yeul Nam', Byung Wook Yangz, Wang Soo Shin®, and Jong Dae Park™™
JDept. of medicinal crop/ginseng, Chungnam Agriculture Meister College, Daejon 34134, Korea
’Leaders in INdustry-university Cooperation+ (LINC+), Semyung University, Jecheon 27136, Korea
’Central Research Institute, Korean Ginseng Research Co., Ltd., Yangpyeong 12513, Korea

Abstract — A drug interaction is a situation in which a substance affects the activity of a drug, synergistically or antagonistically,
when both are administered together. It has been shown that orally taken ginsenosides are deglycosylated by intestinal bacteria
to give ginsenosides metabolites, which has been considered to be genuine pharmacological constituents and to exhibit drug
interactions. Animal experimental results demonstrated that ginsenoside metabolites play an important role in the inhibitory or
inductive action of both CYPs (cytochrome p450) and P-gp (p-glycoprotein), thereby can be applied as metabolic modulator
to drug interactions. Very few are known on the possibility of drug interaction if taken the recommended dose of ginseng, but
it has been found to act as CYPs inductor and P-gp inhibitor in any clinical trial, suggesting the risk that side effects will occur.
It has been recently reported that interactions might also exist between ginseng and drugs such as warfarin, phenelzine, imatinib
and raltegravir. Moreover, medicinal plants are increasingly being taken in a manner more often associated with prescription
medicines. Therefore, considering the extensive applications of ginseng for safety, the aim of this review is to present a com-
prehensive overview of ginseng and drug interactions based upon pharmacodynamic and pharmacokinetic evidences.
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o 2P g8y, 1Y AHE EF A= 0143 in vivo
AFol|A e ZHE tirlel] #ofsh= CYP8BI, CYP27A1
o] mRNA o) SHFEZELS Ao IS v|HA] &3k
T} 8+ ginsenosides®] in vitro T ZALA QANFEE
E(extract)?] CYP1 £ AAEAS B3l F=(100 ug/ml)
o &5 zHzte] A =Ale] =(Rbl, Rb2, Re, Rd, Re,
Rf, Rgl) 559} ol5 FAicAle|= E3HE2 A8
S HolA skt AzgH QA CYPse] FAdl A&
7E2] A Aol Ea S AR A3 G-RdE CYP3A49}
CYP2D6ol| Tk oFst oAl g 215, CYP2C199F CYP2C99ll
sirl= O okst AR BTk 28y CYP3A49l
3t IC s EE FANZEZDRE AME-SE A3 As)A
(ketoconazole)E. Tt} 1,0008)] ©]/de] =& =& HA &
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14.142.3, 7.1:0.924] F3] =9t P= 71 vlo] g0
4] Rbl, Rb2, Re, Compound-K(C-K), Re, Rgl> CYP3A
T2 B4 Al &S HolA Pgtoyt G-RE oFsh
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Table 1. The modulation of CYPs (Cytochrome P450) by ginseng

Compound type System Effects Ref.
in vitro Kim, H. J. et al.
PG (Extract) rat liver microsomes - CYPIA1(!), CYPIBI(!), CYP2E(!) (199712
in vivo (rats)
PG & PQ iGd:ail(s) or 100 mg/kg/day for 1 or - CYPs mRNA expression Yu, C.ZO;F. et al.
(Extract) PQ: 100 or 400 mg/kg/day for 21 CYP1A2(<), CYP2B1(«<>) CYP3A23(<>) (2005)
consecutive days
o - Gi Ext.: CYPIAL(l), CYPIA2(]),
fECj(trggctP (a)nd E:m‘iglrloliver microsomes Cgl;?];g]( lx) v - Chang, T. K. et al
) . : - Rbl, Rb2, Re, Rd, Rf: CYPIAI(!), CYP1A2(1), (2002)"
ginsenosides) human recombinant CYPs
CYPIBI(!)
- G-Rd: CYP1A2(!), CYP2CY( ), CYP2C19({ ),
. . in vitro CYP2D6( ! ), CYP3A4(]) Henderson, G. L.
Ginsenosides human recombinant CYPs - G-Rc: CYP2C9( 1), Rf: CYP3A4(1) G-Rbl, - et al. (1999)*"

Rb2, -Rgl: CYPs(e<>)

in vitro CYP2C8( 1), CYP2D6( | ), CYP2CY( | ), Zheng, Y. F. et al
Ginseng extract  human liver cytochrome P450 CYP2B6(| ), CYP1A2(<>) CYP2B6(<), CYP 201 f)’zn T '

enzymes (CYPs} 3A4/5(<)
Eirgzisgéjnfnd in vitro - Red ginseng Ext.: CYP8B1 mRNA (T1) Kawase, A. et al.
i - G- - _ _ . 23)
ginsenosides rat primary hepatocytes G-Ro, -Rg3, -Re, -Rg2: CYP8BI mRNA (1) (2013)
in vivio

PG red ginseng  hypercholesterolemic rats, RGE - RGE: CYP8BI1(«<>), CYP27Al1(«<>) (in vivo):
Extract(RGE) and 500mg/kg/day for 7 days(PO) - RGE: CYP8BI( T )(in vitro)
ginsenosides in vitro - G-Re: CYP8BI mRNA( 1 )(in vitro)

rat primary hepatocytes

Kawase, A. et al.
2014y

in vitro Xiao, J. et al
Compound-K human liver cytochrome - CYP2C9(!), CYP3A4(!) >\31) ’
h . (2016)
uman recombinant CYPs
in vitro - Rbl, Rb3, Rd, Re, Rg2, Rgl: 552 CYPs (:|
. . human recombinant CYPs weakly)
SGa‘“sezgisr‘lges ad - cyps (CYP1A2, CYP2CY, - Comp-K: CYPIA2 (| :ICy,,:<50mM), CYP2CO, g*(‘)‘(’)’g)]}ﬁ; et al
pog CYP2C19, CYP2D6 and CYP3A4( 1)
CYP3A4) G-Rg3: CYP2D6( | :potently)
"o Y0l ST
human liver microsomes uM), (Rbl, » Re: > (v (2004)25)
weakly)
in vitro Liu, Y. et al.
G-Rg2, PPT rat liver microsomes - CYP3A(L) (2004)30)
in vitro - G-Rbl: CYPs(«<>) .
g:ll}{ll human liver microsomes - G-Rhl, G-F1: CYP3A4(l) 88(’) 6:2')236} al
human CYPs - G-Rhl: CYP2EI( T : weakly)
Compound-K, EL Hvlg;"hver i rosomes - Comp-K, Ppd, Ppt: CYP2C9( ) Liu, Y. et al.
PPD, PPT ’ - Ppd, Ppt: CYP3A4( | : potently) (2006b)>

cDNA-expressed CYP3A4

PG: Panax ginseng; PQ: Panax quinquefolius, 1 : Stimulatory effect, | : Inhibitory effect, «>: no effect

CYP2C99} CYP3A42] g4 E49] 1C,;& 22t 16.00 uM, O|AZEHMHLM)AIA aPPD tiAtel] Fodsh= QA p450 &
9.83 UM 2A] 713t A S-S Bt 22y CYPIA2, 0] A Ao Z3HE 91A] P450 B4 7ReE] CYP3A4
CYP2A6, CYP2D6, CYP2EL, CYP2C199&= A9 g5 7} aPPDe] AE3HA WH3IAIQ] aPPDL] Akl el 71
m) 7] QhrE’) QA Wi mlo|AREMHIME QA 7F rE =S A9 WO R aPPDE CYP3A4Y] 7|1A R AHg
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Fig. 1. Chemical structures of protopanaxadiol ginsenosides produced from a protopanaxadiol saponin during the chemical and bio-

logical processes. *aPPD: 20(S)-PPD(protopanaxadiol)
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Fig. 2. Chemical structures of protopanaxatriol ginsenosides produced from a protopanaxatriol saponin during the chemical and bio-

logical processes. *aPPT: 20(S)-PPT(protopanaxatriol)
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of thelr= Zdst v A4 A&l 2 UGT2B79l thst 734y
2 A S VR H2 Q4FZE(BST204)9] in vitro
ZAllM UGTIAL, UGT1A9, UGT2B7 84 49] A&
7} BEEJO, in vivoell M e GRS MA@k
M eAle] =] UGTsol tigh 84 7= CYPs &3 A
ol vzl vl A& Holr},

oFE X (P-glycoprotein)ol| O|X|l= MEXMATE —P-
gp= ATP-9|&4 FE9] HiES F93te T35 (efflux
transpoter) T A ZA] 917gdolu} TRAIUA A 22l A
Zo] WHHET} in vitro A7 Caco-2 A|E TE THAA
FHAZHMDR1)E Ff B s A EF(L-MDR1) 52 ©]
&3 oF=9] F, WiE, %, 283l P-gp W A=
A4k 2] 27 AR AT in vivo AFNA = P-gp
71-8=2 @ digoxin) == HFE(el: fexofenadine)®]
25hA 2| 3xo] Wslol] 7]x38k HAM|iAto]|=e) 1 tiAA]
o] T @7t ke Tk A7 Q14ake] P-gp el
et in vitro®} in vivo A+EHE Table 119 L. ¢Fs153 T}
WA =AP] E7) Pgp 71 B R 2H8-8= A& Caco-2,
L-MDRIMZE o] 831 zHicrto|= 4 2 5= A9
< AAEI9H G-Rb2, -Re, -Rg2, -Rg3, -Rd, -RblI-& P-gp
7IAEAE g5l FRIE o, o]F ZlA|Ate] =]
F5E verapamil(P-gp A3l sl F-2lstA S7HERU
ohY et o) W ek A (mouse lymphoma
cells)ollXl G-Rgl, Re, Rec 2 Rd= 2H= & HZ(P-gp)ell
gl Asl &35 Jeplla A swolA ofF 4 9 F
ggle] wEe 2T GRe3E ok WAL 71K AL
2 AdGolE MEF(KBV20C cells)”9} ADRUIA &
AEVN AN PFH BA2 AMSE rhodamine 1239] A%
W F2E 8% o&H o= ZXAZH Y X KB A2
(parental KB cells)ell= @& WA e49kr}. =3k G-Re3
< 3H-vinblastine ¥l &2 YA|5I2Z KBV20C Al ZolA
doxorubicin, COL, VCR % VP-16° thgt thAl U’ (MDR)
S AN QAFIUAE(MCE-7)E 0143 ren}
$229 P= HFXME G-Rg3= paclitaxel®] 354 T34
73 A0l 8-5S F7MATEY ol2ld Re3oll 9] & oF
£ &S] A= Re37F Aot BAX = P-gpoll A%
ato] FE(FUA) MES A AYY e AlE
(KBV200)9] B} f-54E rarflozA P-gp w7l oHa
o] ujEg Alske AoE ARG Caco-24E Ao
] 20(S)-G-Rh2E rhodamine 1232] A EW B 71 &
p-gp 712EZI digoxin, fexofenadine, etoposide BIZ H]-&
(efflux ratio)®] 7= P-gp A &3E BT B8k 20(S)-
Rh2E P-gp 712223} t}=7] P-gp ATPase &4 A4S
ARSI P-gpe] 24 W3} 2|31 UIC2 bindingS 134
SIAtk. A=A E 20(S)-Rh2(25 mg/kg, poy= digoxin,
fexofenadine, etoposide®] &Fg8F #|3#Sl C_ o} AUCE 5

max
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7WFTE. L2t 20(S)-Rh22] 71504 (25 mg/kg, 10 days)
35 e P-gpdole FFS HIAIA] e8] wiEol
20(S)-Rh2E B34 A P-gp AsAZ AART? H3 G-
Rh29] 20(S&)a 20(R)Z ] P-gp AA A thgh A= 7
TEAAE I ADR WA FHAH ZF(MCF-7/Adr cells)2t
Caco-cellE ©]-8-3F in vitro 23 A3} 20(S) <] G-Rh27}
wr} 725 A g2 Bk Pogpe] FBHL oA 2o
OA WAd3) el Tk P-gp EE KB-C2 AlE Aol
A A Aol 28] 7hEal thARA 7F P-gp 71d = H <)
daunorubicin®] Al ZW %28 F7HAA, P-gp JAEH=
Hom, 72 FoAXE PTAl XA =Ale| = tjARA (M4)7}
PDA| thARI (M1, M12)Rt} 733k P-gp HlZ71%52] A &
FE BT 2 a7 FEH SR Pgpo] ATPase &
A AA el 71015 Aoz AXTY Caco-2 cellsE ©]
83 digoxin®] 529 AFA prototype ginsenosides”t
obd 2 thAHA|(C-K, aPPD, aPPT)Eo°] digoxin®] WiZEH]S&-
(efflux ratio) 749}, & FFA ¥ (in situ)o|A = rhodamine
123¢] F7&3 FS 77 23E BTt oY
gk A=A = thAAIES] P-gp AlSl B3} AHETE] 7
TFAEE AAMEAlo| == P-gp 7|H T HEA] oFH
45 g 7FeAS AHEAGY 3 gE a7l
+ G-Rh2¢} C-K7} P-gpo] 714 24 & 283s Hisisl
o} Yang Z. 5 73751 Al A ©]8&E°] G-Rh2¢t C-
K7t 72t 4.0-6.4%," 5.0% ©laH'Y= W 21 G-Rh2s}
C-K7} P-gpé] 71HEHE 2g-ste] P-gpo| wi&21go] ¢
& Wl s W) gitolaly B stV o)) 1 A9
2 FAZE Caco-2 MEL} MDRIMEZFE o] &3t in vitro
o|A] P-gpAaliAl| (verapamil, cyclosporine Ayl 2J&l G-
Rh29} C-K&] wiZo] oA gS ##3}aL, MDRI1a/b(-/-)
FVB miceZ ©}83F in vivoelH = P-gpAfaiiAl FoIZ plasma
Cinan® AUC o401 S7HES AX8IAT. B3 SD rat ©|
£ 4K (Panax ginseng FE: 150 mg/kg/day, 14 15 7
TF)Z fexofenadine(P-gp 718 2= 10 mgkg, iv; e
100 mg/kg, po; 13] Fol)o] FA] Folol] &gk oFFsha 4
TGS ZARBIITE QI ol fexofenadine®] E5 C
AUCHAEE 2t 714 oFe9] AAlol8-&9 24 a3
7} BFEAE o]2A Qlate] A7) FolE Pgpel B
= fFEstaL, P-gp 712 oFEe] &l 72 dFe E
T Aol A=A P-gp | EAF} T T
(MRP)Z SH o] tAUA o] gt} Choi C. H. 52
12k Al o] MRP 22 P-gpell J3) w7l == TR A
(MDR)E 13 AREE 2 bR Ee] A 5= 9=A]
£ P-gp9} MRP 1] ¥ 3= daunorubicin®} doxorubicin
g #4254 98y A EZF(AML-2/D1003}+ AML-2/
DX100)14 AASIATE 2 A3 aPPTE ©|E Al EF0]
gt A 2E4S HAS, AML-2/D100 AlZ5l disiA =
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Table II. /n vitro and in vivo modulation of P-gp (P-glycoprotein) by ginseng

Compound type System Effects Ref.
O in vitro
* Caco-2 cell
« ATP assay - P-gp(l)
Zh . 1.
» UIC2 binding assay - P-gp(l) (zoaln(i’mj ot a
O In vivo(Rats) [C,x & AUC(T)]
* Probe drug: Digoxin,
20(8)-G-Rh2 Fexofenadine, Etoposide
O in vitro - Pgp(l)
* Caco-2 cell, MDR1-MDCK cell [RTV: cellular Shi. 1. et al
* Probe drug: Ritonavir(RTV) accumulation( 1 )] (20’]3)'66) '
O In vivo(rats) - P-gp(l)
* Probe drug: Ritonavir(RTV) [RTV: C,.. & AUC(1)]
O in Vitro
20(S)-G-F1 * Caco-2 cell, MDR1-MDCK cell - P-gp(l) Li, X. et al. (2014)*
* digoxin transport assay
PT(M4), ?131; \églrlo Pt L) Kitagawa, S. et al.
- - 45)
PD(MI1, M12) * Probe drug: Daunobicin (2007)
O in Vitro - P-gp(])
* Caco-2 cell [Permeability( 1 )]
* Probe drug: Paclitaxal Yang, L. Q. et al.
20(5)-G-Re3 * transport assay (2012)42)
O in vivo (rat and nude mice) [Paclitaxal
* Probe drug: Paclitaxal bioavailability( T )]
Kaemperol O in Vitro Patel, J. et al.

* Caco-2 cell, MDRI-MDCK cell

- P-gp(l)

. 67)
(from ginseng) * Probe drug: Ritonavir (2004)
O in Vitro
* Caco-2 cell, MDR1-MDCK cell - Substrate of P-gp Yang, Z. et al.
C d-K(C-K . .
ompound-R(C-K) ) 1 Vivo(mice) [C-K: C,, & AUC(L)] 2012)™”

* Mdrla/b(-/-)FVB mice

Panax ginseng O In vivo(Rats) - P-gp(1) Zhang, R. et al.
(suspension) * Probe drug: Fexofenadine [Cpae & AUC(!)] (2009)51)

O in Vitro - P-gp (.l) .

. Caco-d cell [Rhoamine retention( )
Compound-K, . A . . L [Digoxin efflux( | ) Li, N. et al.
PPD, PPT Probe drug: Rhodamine 123, Digoxin P-gp( L )] 201 4)46)

O in Situ
* Intestinal perfusion assay

[Rhodamine123: absorption &

permeability( T)

G-Rbl, -Rb2, -Rc, O in Vitro - Substrate of P-gp Liang, Y. et al.
-Rg2, -Rd, -Rg3 * Caco-2 cell, L-MDRI cell [Efflux ratio( T)] 2014y®

O in vitro - Pgp(l)
20(S)-G-Rh2 « MCF-7/Adr cell [Adriamycin Zhang, J. et al.

* Probe drug: Adriamycin

accumulation (1)]

(2012)*"

PPD, Rh2, and PPT

O in vitro
* MCF-7/Mx cell
* Probe drug: mitoxantrone (MX)

- P-gp(l)
[MX efflux( )]

Jin, J. et al. (2006)™
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FEoEA AW S JdATE 94 B HSol
aPPT(100 pg/mL)= daunorubicin Al 2 S35 Z71A
Ao 1 a3+ P-gp AsNAIR] verapamil(5 pg/mL)E.th
7tk 28y e AAeAle|lEEe &t ITh?
Wk U4 o (breast cancer resistance protein: BCRP)S]
P QA FA EF(MCFE-7/MX cells)S ©]-&3f] 2l
Ali=Ate] =7F BCRB Aei Al 2 2H8-sh= ZAFSHA T 2IA)
TAP|= 71e-H| 2 ARA (G-Rh2, aPPD, aPPT)= &<HA|
mitoxantrone(MX)2] THAIWA IAEol T3t 548 Z7}
AlF o™, aPPD7F 7Hd 2k 5438 Btk B3 Rh2,
aPPD, aPPT:= MCF-7/MX cellsollA] MX 528 A5,
MX §55 Z7MIZth ©]24] aPPD, aPPT, Rh2= BCRP
o) AajAz 2-gsto] AAEAT™ =3 G-Rh2E MCF-
7/Adr cellsoll A P-gpE AT 24 adriamycin®] WA S
AN E S B

CYPs2t P-gpoi|l OXl= Qlatel AR — A=71A] Q1
2] CYPs9} P-gpell HIXI= 7le] ddde] Hase
™, Table Il Q.2F&FAIT} Gurley B. J. 5& &S A7
HPAE P n=12)02 5% AAAl| =2 BEskE <
AHAIE(500 mg, 1Y 23], 28Y)2] Fof AFo] CYPs B3
¢FZ-(Probe-drug)Z midazolam, caffeine, chlorzoxazone,
debrisoquin INN, debrisoquine®] E3ES Foslal, 7+ &

o AZ ZF 1-hydroxymidazolam/ midazolam, paraxanthine/

i

caffeine, 6-hydroxychlorzoxazone/chlorzoxazone, 12| 3L
debrisoquin urinary recovery ratiosE H7IA|ZZ 7}7f
CYP3A4, CYP1A2, CYP2EL, CYP2D6 &4 Aol m]X]
= 9P APtk et A4S CYPs B fol@
GG w4 Atk EF F ATAEL FEYTAE
o] A3} Aol YA 52 Lol =91 A%
& I 674, n=24) 2.2 3719 22 Ao
AN A ANFH S A 2] CYPs phenotypic ratiosS 3
I ®Z ste] CYP3A4, CYP1A2, CYP2EL, CYP2D6 &
& o rAE 23E ARSI 2 A iRl
CYP2D6°l tgh frefst A axE RPoy A4 J=
< oF 7%= A A3 Fee jle AleE WU
AT T3 Anderson 5 7173 AUAE RO R 6-
B-OH-Cortisol/Cortisol Ratios °©]-83l] CYP3A €4S ¥
7Fek QA E A 4% ginsenoside®E EEsHE Q1A AFE
(500 mg, twice daily, 14 days)°] CYP3A®] ¥&-S XA
ererhy Bastdeh’” ey ok k] CYP3ASH
P-gp7l%5el PIA& /A HAA = Q4] CYP3A &4
et =yt AT 1279 7A73s ARIAE o
© 2 midazolam FoF § 24A17Hs5 <t AE S Fa F
midazolam®] AUCE AtE6to] CYP3A4 activityS H713h
AT NN 5% ginsenosidesZ ETSHE Q14F AIF(500
mg, twice daily, 28 days) &8 A] CYP3A4 A F°F=<]

i

o
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midazolam®] AUC7} 34% 7H4xste] CYP3A49] =8
7F 98-S Byt old] F AFAEL Fo A8
A8 7H CYP3A4/5 G4 7|-FE 4ke HEshe
St 2 oFEe] A FEhE-S AP RUHE afofd A
< Aottt 23y CYPse= 2% 0 =2 fexofenadine
= 7IE=AE AREE PgpZlseolle fFoldt S PIRIA
okght}, B3 H2 Kim D. S. 7% Kim M. G 57 %
2 Egate]l 8 SFEALEAS] CYPs B oFEFF
TRl P-gpol] MIX= FIFS AEFES ol&ate] Hrist
At FARA, 3N, AR o2 Sk e At
ol ZH 1584w | Al el Al 2577 S4ks e
2ARS Bg37] M3k F cocktail 712 o]-&3te] A ¥ oF
== caffeine, losartan, dextromethorphan, omeprazole,
midazolam, fexofenadineS Fo3}1 2F5sF A3} Q=
AABATE 5 s E A0t oFs gEvEE
LREskar, St EE At AF el vls) AdH 5 718k
H1] 90% A E| 7S et 1 a3E ARSIt A
A4 T4k Fa SRS CYP2C193 CYP2D6ON| FF-S
FA) ekon, CYPIA2, CYP2C9, CYP3A4E A &A1t
azte] 2717k Aok P vl gl A0= Pk
ATk EH TR Pl FFS FA gkor) wagle)
78 wEAte] A9 AF Aol visl A3 F fexofenadine
ol AUCTF 32% 58t 3H 2= ekl P-gps ©f
Ak Zlo] SRIEQr}. by 84S P-gp 71E =
I e A =] ANEES ST THsAel e
= oy} o7" Aoz nar

of ¥

‘{F

2lato| ofEAUSEZ0| CHE
e H AR 21

sujoj2ia o3} AlS R - Fujojelx aAlE B
S5 HIV S50 thak Boa) A= 7214t
(e}

4

SAE SNRshe SAE0] HuEw ok gl
s
=

Aok 71 A 2A AL P G-R2e] FH
TEoJA] ritonavire] FFEEe] Fold Z7PF BuE I
H3F multidrug-resistant 1(MDR1) transfected MDCK cells
F} Caco-2 cellsg ©]&3t in vitro A AN o] 7EK] A
RS HIES A4 kaempferol /g%-0] HIV T
& AA (ritonavir)2] P-gp wi7]-0E2 <A1 CYP3A4
24 E JAste BH7F FFEHUT o] ZA Pgp E=
CYP3A49l| thet 7122l HIV Z2e|olA AsiA|e} g oF
Z AgE] ARl thEk Feol7t aHE et 2y A
WolM @ HIV 2 amAle} Qlitate] o233 28
o thalir= 2 GEAA AL AT Leest T5ATA=
(2008) HIV $AFE0] SFRAIFS &3] AF kL o] &
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vlole Ao} oFE A5 A5 UE ¥ sl AeA
£ Frksidnh A A m=10)E oz vt =
£(400 mg/day)ys 277F Folslal Fof Mg of|o]= X 8A)
(zidovudine: 300 mg)yE 737 F3tal 2744 oFE AL B4
o MiX|= FES AR Pl=At FEE-S zidovudine
9] % T (AUC)} A4 E(total clearance ratio) 5ol
o3k &S w A A et w3 wzkEk CYP3A4 717
E4=2 47 indinavirHIV @2 2o g4 AA)2] o
Al w|R= ml=ake] @3 A7 A9 PR n=14)5
oz AR v=4H3 g2 indinavir 800 mg(3
3)/d)E 257k AA RS vt FEE FoE
CYP3A4 714 229 indinavir®] 2FE £33 W3l= Ho)
2] ¢k} CYP3A4 A FAol= Gk m|x)x] ekgiet”
U HIV AEAEA €8 7Hd wES 71X Lol
(Raltegravir: HIV-1 ZF9X| & ))& 3] A9 ik 4
Foll oJgk o= 5 #gol tigh AREI7F BarE ot Al
Ak 79 QIMEF (39, Qi R Al & F H &
a0 F7F, S, A AFA 5ol ARy st
A T F NAEHA M FE o S FEE 5
8 de|aElle] @3 FEE T/ AR AAE
oh 2y AHE JIMAIES] S0 E8% 5
oJio] thelrle AFEA et

HdZXl (Phenelzine)tt 2fF MSEE — i 92 oF
E(MAO AsARI #dxE 37 B8-S Faljof k= 2
78] AR EAL Atk 6441 (2179)2] #ld R 5-8-(45-60 mg/
day) ¢ &5 A= AAQRIMAHAE A E-E717F HA
SeE TE, BUS, 28 g9 S4e gt 2
e HdR B84 ole ke AFsE 29 32
Falx] E kP i g Alglol e 8MF 45 mg FART
0.5 mg triazolam(3] A A]), 28] 2 3}F 434 lorazepam
1 mgs 58 F21 4249 925 o4 $kao] A5 <4t
H sk (bee pollen) AF AFH %5 323 (manic symptoms)
< B B3k o]E ARe] 7154 U= 71 Q1A 9
3 cAMP 710l 93 Aoz YT w3l o)s F
Al B0 AR Q14te] F(speciesy> HAIEA] Z9)T

glotx||el ABAMS A2 - AAZoE nE I9ixe] 2/
30140] CAME AMgshe Aoz BuEdth Y HSo] A
TN E BAE SRk 91% 7] HERQWAIR o8 §
glo] okxamiAlE AFske Ao AU 3 13
M= 2671 AR IIA G| SJaH 4$ixte] CAM HEE2
7~64%2 BTEY meba geixte] 739 ok el &
A o] W-go] Aol Uuts} Hof gorR ofE JT ARG
VAR Atk Bo} AR AREEE o|HE]d (imatinib)
3} Qlatate] obEdEAkgo] ByuEiel”) 7d7 ofnlEly
(400 mg/dayyS H-&3 ¥ =73 MY (CML) 2426
Al G PlA i (ginseng energy drinkydH ¥ 7F 54 S

¢

o
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717h AEE ] ojulEd B8 F AES Hoke Ao
2 FAHAC. o]y T 7F 54 Fee Qlato] olutElg e
CYP3A4 &4 &/J9] AAIE &3 s 28l 7191%]
£ A0R oAH” B3, ot Z27hk (procarbazine)
Ho] T2 Bro] A5 Aol WrEe] A, 9E, 7
&, T8 9 25 s ol Qlate] GABAS] H
AR F7HA715L AEE A= A FEE = F W]
wioloh S Qe e GaP0g Yehle
2 4d7] Aol 574 N T #8F 3= AT ol
Ege] ¢ v AENE F1 Fos TER U
ARAEL QS Fatoiolsithe 87t Aok 2y
o|¢h= AEA] o] 2EZZN ] A A AAIQ] tamoxifen
o] & ke xEkel SeRES AT skl 1
5 2214 EEI A S1@n] 7t vl ool Hls) A
Athe ZZEATFAA} RuHATGY B S fgt 8
AHn=1,455)5 WFors ZTE Aol A FH+

u |

X

(n=398)2 B4 FHF(n=1,057)1 &l AJ&<] Z(QOL) 71
3 A APEE 91847 e ok

SIotEl (Warfarin)at 2S4S &E - ool 43
AxE Fstete] 8 Aol A oS SA7=T
Folsh= HIE] Ko AA|ZA 73+E F8L R
2 ARSE I ot 2y ol A 5870 Joo] F
2 k& (narrow therapeutic index drug)@A] SFEo|u 21F
I Ao Q1 23] B S vERE Sl
witol ofutdl A3 ks A4 RUB P wSel &
B3 ok AR E Qi FEAAE ARSE S 9
= ST oSS 7sAdo] BALE AT k(S
A7t 5 my/dayys 585 71414 Adaete 7k @t
@778l A5 471355 S8l 2770 Al EGEE
Ginsna capsule: 1¥ 33])2 5-8 % international normalized
ratio(INR) =217} 3.1614 152 ZF4(EHE INR: 2.5~3.5)
HANL, A4t AAFH T F 3302 I HHATL BAHS
o} ) o] #xje] A FAlel the (I HEA
diltiazem hydrochloride, nitroglycerin, &35 salsalate)S
AFEIA7] wliiEol] S 13 dAl= A 3kt INR
FA7F oW PN-gart 2 dojuhal, o0 3O ¢
glo] 7] wiToll APFAZ A o] Hasit) A4kt o
o] AT AE ThsA ol Bargdl wet Jiang?t &
FATFAES 1299 HA HAAE e R A H7t
£ S 2HJMNG giday)s 157 T3kl Fof A5
o FALFES AR5 mg)E 13 Fosty Y =
CYP2C9 & 4ol o thAl= = S-warfarin(S-7-hydroxy-
warfarin)# &=3F CYP3A49} CYP2C9 &4 thAFA] ¢l R-
warfarin®] WSS A ste] QI4PE-8o o5k ofutdl thAat
o A= YIS AT 2 A iHRAE A

@A) skt ALAISe] wjdolut B ol oFEEe)
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A AE T FASIINRTG B2 5] Walol]
FL 1A ek E3 5 ATASE A il
Be] FE4E o] T B B PuE A7) 98 A%
o] 1‘4647(}(11—24)_2_ e 2 Al7]e} 778 " o 7 ZALE}
ek 4t ek (25 meys 13] FoIgk A3, CYPel €]
& thALE = S-warfarin®] T2+ thH] % A &-(apparent
clearance: CL/F)& 1.14+0.042 2}u}glo] Q1AFFo] Fof o
A eFzre] FUHE BAAtE 23y e oukRie] oHEEst
A RIEAEA A FEL o3 HElr) YTt o= A%
g AR e R 3 Aol ng FSIAE F&sl=
A tdos a3 HAol LEAT™ F, Yuan C.
S. & Hlsrate] ekl e] Bl miAE FFE AN
ok A% HRAO20F R 15 Bk 3 A%
Sh9}(5 me/day) FoISIaL, 270 1| FAt Folz 9]
ohpow Raslw TR UlFAHQ gday, WA Aol =
5.19% T 919FQ2 g/dayys 247} 35 A< Fofsislth.
T3k 427%11011; RE IAEL 9t Smg/dayE 39 o
Sk, WSR2t fote] g5 ok w=ot

AUC, INR 55 PlasiSint. ehujgle] 3 INR 37} 7]
SAHFe] 23 SOl floftol Hlsl f-olshAl Aak = AT
INR®] AUCS} ¢ht] €5 HiL 529 AUCE 94 91oF
o O] FolstA ke, ol st A2 HE AR
o) shstelsl et daass sl A
2 @ A9E QURGINE BAA B3 B AL
gzsha ek BE o] Aol wPAES Frtehnrt
& ool e A7elolehs AgAlel Atk EE Lee
Y. H 5 AARRaes Ade o Basa 9l
£ FAm=24)2 HOZ olTWH WA} AlPHOZ I
SAHE FEE) A 2ds Aol deAE
EARISIT. AL} DEAFH giey) S AR 2k 8

ok

N

fFolslal Fol - 359k 6574 D b F=9F INR
fﬁ_ﬁ}% ZAFsIIT. 1okt Aol kel INR| -9

3 2ol Ho|x] 2t wal A= Rvke A HE
= g].;q_(n_zs)__ oz 219 JiH g FZA|EHeZ 9l
2t st e ke ds AHE 7he S Bk el
At ohaldl BA] Fodt(n=12)7 9t GEFolH (n=13)
o7 FE3t 273 < F3kaL prothrombin time(PT)Z
INR A= H3E ARSI o § 25 9 354 A}
A3}, F 27 ol g Hsle] ZjolE wolA| edo} qlak2 of
v2e) okgo] FFe nIAA ddh’) 7] Aol
o} o] 1w @) HlFAelN shuiele] okael frolg
2 HoHE BATSICE Ol A T Aolol I A
Alol= Z&ak7} PPD/PPT H| &L B|E3H A xAlO|E %
2323 E-2] 2po]™el| 71918H= 74_3 Hlrk. gl st
n|=at &5 CYPs 8420 U|AE in vitro A EZ 7ol
M msat FEE0] JdAFEE Bo US R A
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AL BtV ES QS o8 FEATNME kT
o slatale] oFgahe @i‘?ﬂ Ak fole ek Kol
) ker” Qo] A5 AAAA ) AP AT Kot
o}tz %@@A 7Fsel iR A S B
6?5}1 2ot ey e A rF AL, 137l

< e R @7k ouk HAHE 7]
8 Ao ool tE TR dvka 2o Hgol e
Ho] At aret 53] ofutdl o] X g9 Ho] w9 F
A v o vl 58 Sxl= AHeh WS HA
BUEH sl 4 F 7 AR

7|E} ASHSEE — oFHSHH oFE T g-2 Ak oF
S 7H oAl B o= oFg ZHa} e AR
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