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Drugs mostly represent an efficacy or an adverse effect according to their dosage and/or plasma concentrations. There-
fore, to investigate the pharmacokinetic behavior of drugs including herbal medicines is necessary both to maximize the
drug action and to minimize the adverse effect. To date, pharmacokinetic studies of herbal medicines have been con-
ducted by some experts in this field on the bases of science and knowledge in Korea. On the other hand, in advanced
countries, a typical series of pharmacokinetic studies has been conducted by using a harmonized guidance established.
Consequently, an administrative support on these studies has to be needed in Korea as well. This study aimed to estab-
lish a draft guidance on pharmacokinetic studies of herbal medicines in non-clinical and clinical studies. Literatures pre-
viously published as well as guidances in the US, Europe and Japan were summarized for the present guidance. Effect
of herbal medicines was listed on the proteins in charge of drug metabolism and transportation, as well as on the phar-
macokinetics of chemical drugs. The present suggestion might be helpful to proceed pharmacokinetic studies of herbal
medicines efficiently, and further polish should be needed in terms of an administrative point of view.
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Table 1. Effect of herbal medicine on cytochrome enzymes and transporters

herbal medicine / active ingredient CYP enzyme Transporter reference
tanshinones Danshen (Salvia miltiorrhiza) inhibition Wang et al., 2009
Ginko biloba T ) Yin et al., 2004°
Shizandra chinensis CYP2CI9 induction P-gp inhibition Fan et al., 20097
Glycyrrhiza uralensis Induction Tang et al., 2009"
Baicalin CYP2B6 induction Fan et al., 2009”
Danggui CYP3A1 induction . 10)
Honghua CYP2E] inhibition Lietal., 2008
Honghua CYP1A2 induction Lietal, 2008'%
monoterpenoids citral CYP2B6 inhibition Seo et al., 2008'"
geraniol

St. John's wort CYP3A4 induction P-gp T Di et al., 2008'?

terpenoids: abietic acid glycyrrhetic acid
Chi-Zhi-Huang

Woohwangcheongsimwon
borneol, isoborneol

Agaura salicifolia,
Turraea holstii
Sterculia africana

common valerian,
common sage
Ginkgo biloba,
Echinacea purpurea

CYP3A4 induction
CYP1A2 inhibition
CYP2B6 inhibition

CYP3A4 induction

CYP3A4 inhibition

MRP2, BCRP inhibition Yoshida et al., 2008'>

Tang et al., 2008'%

Kim et al., 2008">

van der
Bout-van den
Beukel et al., 2008 !¢

P-gp activity ¥ Hellum & Nilsen, 2008'”
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Table 1. Effect of herbal medicine on cytochrome enzymes and transporters (continued)

herbal medicine / active ingredient CYP enzyme Transporter Reference
Lee et al., 2008

Zhang et al., 2007"

Panax quinquefolius Phase 2 enzyme quinone reductase activity{

Huang-Lian-Jie-Du-Tang P-gp decrease

yin zhi huang CYPZCCS{gﬁuc tion Fan et al., 2007*"
Baicalin OATP1BI activity T Fan et al., 2008
22)

St. John's wort CYP3A4 induction MDR; ind/? ction P}ilsili)tegitlie;taallil’.,z 383023)

&P Zhou & Lai, 2008
235w} CYP3A4 inhibition Makino et al., 2006>
grapefruit juice CYP3A4 inhibition Bailey et al., 1991%%
rutaecarpine CYP1A2 induction Ueng et al., 2005>”
Echinacea purpurea root CYP1A2 inhibition Gorski et al., 2004*
furanocoumarins CYP3A4 inhibition Guoetal., 2000%”
B e BETe] F olojdl ARE EUE M xF  oF B oAkEA HE o JAlgle] WS FHSES A,
A AT FA Q2 A %A BT RLE VA A YA B BEA A 9T A XEAA
5 g} o] 5 AAl WM Foidt F dofil B} vlawsle]  FE HA & 5 e T8 f4elnh AAIA wHEH L

Table 2. Effect of herbal medicines on pharmacokinetics of chemical drugs

A AN A A VS. Drugs activity
Chang et al., 2009°”
Ren et al., 2009°"

Silymarin trazodone No

Dachenggqi decoction, rhein ranitidine AUC 4 Cmax{

J!?r?trcr)lp o preparation, byakkokanin- ciprofloxacin tetracycline AUC ¥ Cmax{ Ohnishi et al., 2009°?

Jinfukang docetaxel No Cassileth et al. 2009*%

Ginko biloba talinolol AUC T Cmax® Fan et al., 2009*"

Extract omeprazole clearance T Yin et al., 2004°”

Shizandra chinensis talinolol AUC CmaxT Fan et al.,, 2009°

Extract

Glycyrrhiza lidocaine metabolism T Tang et al., 2009°)

Uralensis warfarin metabolismT Muet al., 2006°>

) acetaminophen excretion T Moon & Kim, 1996°9

Glycyrrhiza glabra . 37)
prednisolone clearance ¥ Chenetal., 1991°
hydrocortisone effect T Teelucksingh et al., 1990°®

glycyrrhetinic acid oral adverse effect Bernardi et al., 1994
contraceptive sensitivity T De Klerk et al., 1997*”

Baicalin bupropion metabolism T Fan et al., 2009”

monoterpenoids

citral bupropion metabolism Seo et al., 2008'"

geraniol

ga Cheng gi ranitidine AUC 4 Cmax{ Tang et al., 2008*)

ecoction

Huang-Lian-Jie-Du-Tang, baicalin nimodipine cellular accumulation T Zhang et al., 2007"

yin zhi huang omeprazole metabolism T Fan et al., 2007*”

Baicalin rosuvastatin AUCY Fanetal.,, 2008
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AR A, A2 Vs. Drugs activity Reference
digoxin AUC ¥ Cmax ¥ Johne et al. 1999*?)
cyclosporine plasma level 3 Bauer et al., 2003
indinavir plasma level 3 Piscitelli et al., 2000*”
St. John's wort tacrolimus plasma level ¥ Hebert et al., 2004>?
con tr(a)lf:aelp e plasma level Hall et al., 2003*)
fexofenadine clearance T Wang et al., 2002*
Ginger cyclosporine absorption J Chiang et al., 2006*%
A FE) nifedipine metabolism ¥ Makino et al., 2006>
grapefruit juice Ifléfggigiﬁz metabolism Bailey et al., 199129
Evodia rutaecarpa caffeine plasma level ¥ Tsai et al., 2005
rutaecarpine theophylline clearance T Ueng et al., 2005
o) zekAl etizolam Cmax ¥ Makino et al., 2005*®

Cassia auriculata
Cassia halicacabum

Cassia auriculata

American ginseng

Echinacea purpurea root

fish oil
Homoharringtonine, artesunate,
bufalin

Umbelliferous
crude extract
furanocoumarin

Sanguisorba
officinalis L.

Schizandrae fructus
Dephenyl-dimethyl-
dicarboxylate(DDB)

Allium sativum

Piperine

theophylline
carbamazepine
warfarin

midazolam

caffeine

warfarin

daunorubicin

ketoconazole

ciprofloxacin

Cyclosporine

saquinavir
ritonarvir

theophylline
propranolol

plasma level 0

plasma level 0

anticoagulant
effect ¥

hepatic extraction )
intestinal
extraction ¥

clearance ¥

anticoagulant
effect T

cellular
accumulation T

metabolic
clearance ¥

plasma level 0

plasma level \2

AUCY Cmaxd
not significant

plasma level T

Thabrew et al., 2004
Thabrew et al., 2004°"

Yuan et al., 2004°"

Gorski et al., 20048

Buckley et al., 20042

Efferth et al., 2002>3
Guo et al., 2000%
Zhu et al., 1999°Y

Kim et al., 19975

Piscitelli et al., 2002°%
Gallicano et al., 2003%7

Bano et al., 1991

(ATP-binding cassette protein, ABC protein 5)2] 4242
< 7155 A W3k A kAIA
Aol Feddted AW =Z 2 fF o J7F

Table 1A 20093 7}A] medlinesl] H.3L

2 gue] F5
s 2 5 9k
H 24 3 A

A Fodo]] u}2 cytochrome &4 F% 2 GA|o] A3t =%
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