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2. Summary

Title of Project Study for application of pharmacokinetics and drug-drug interaction to herbal medicine
Institute Chungnam National University Project Leader Kwon Kwang-il
Project Period 2015.02.01. ~ 2015.11.30. Project Budget KRW 65,000,000
Name Institute

Yun Hwiyeol Chungnam National University

Song Byungjeong Chungnam National University

Back Hyun-moon Chungnam National University

Lee Jaeyeon Chungnam National University

Authors Jeong Seongmee Chungnam National University

Hwang Siyoung Chungnam National University

Sudeep Pradhan Chungnam National University

Yoo Younghoon Chungnam National University

Jung E-ben Chungnam National University

The purpose of this study was to explore the procedures as well as a list of documents and data
required for initiating a pharmacokinetic study on herbal medicines by analysis of current trends followed
by national as well as international regulatory agencies. And also draft an obligatory requirement to
perform preliminary DDI studies (in vitro or pre-clinical) before the clinical DDI studies with herbal
medicines and systematically review the previously reported DDI related to herbal medicines.

Pharmacokinetics study of herbal medicines has been conducted in large number, but there is lack
consistency and systematic review of those study outcomes. In the Korea, while approving herbal
medicines, MFDS gives a waiver on pharmacokinetic data. Therefore, we investigated national and
international regulatory system for approval of herbal medicines and analyzed the present trend in
pharmacokinetic studies in herbal medicines. Finally, we evaluated the suitability of introducing the
requirement of submitting pharmacokinetic data in herbal medicinal product approval system. Also,
following the widespread availability and increasing use of herbal medicinal by Korean cititzens, concerns
about DDI of herbal medicines has elevated. Therefore, we investigated the method to perform preliminary
DDI studies, and review the previously reported DDI related to herbal medicines. Ultimately, a
methodological resources for herbal medicine DDI studies will be compiled and an open-access repository
of reported herbal medicine DDI will be created.

Details on contents are as following:

O Analysis of pharmacokinetic studies conducted in Korea and abroad

-By investigating study methods of ADME, DDI

- By investigating study methods of safety, tolerance, pharmacokinetic, pharmacodynamics in phase I clinical
trials

OlInvestigate regulatory aspects of non-clinical and clinical trial in foreign countries and examples of
approved herbal medicines.

O Propose standard protocol for initiating pharmacokinetic studies and phase I clinical trials while approving
herbal medicines

-Proposal of standard methodology for pharmacokinetic test and phase I clinical trial test.

-Proposal of roadmap of pharmacokinetic test and phase I clinical trial test

OProposal of methods to perform preliminary DDI studies, and review the previously reported DDI related
to herbal medicines.

Key Words Herbal medicine Pharmacokinetics | Clinical pharmacology Drug interaction




Opinion of Principal Investigator

Current trends in pharmacokinetics study in Korea and in abroad
- Understanding current trends in pharmacokinetic studies based on collection
of a large number of references, and keep a systematic record to convert it

into a database

Evaluate the suitability and proposal for submitting pharmacokinetic data for
approval of herbal medicines
- Perform comparative analysis of FDA, EMA, Japan, Korea regulatory

aspects and investigate examples of approved herbal medicines

Scope
P - Propose standard process for pharmacokinetic study and phase 1 clinical
trials based on regulatory aspects and current trends of herbal medicine
research
Proposal of methods that can assess the possibility of occurrence DDI and
review the previously reported DDI related to herbal medicines.
- Proposing methods of assessing DDI based on FDA DDI guidelines
- Providing a list of herbal medicines of with high potential for DDI based
on previous studies
Limitation None
Direction For
L None
Citation
Supervisory
Office
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(1) BeHADAAN 244 2 FER5HE9 37}

o AAAD AFeltA Qgel B AAR AAE Hokn deHAPAA BFA 25 of
Aol FAEE FHots BHAPAANG FHThD Aok FATI0] DA FEEA AE

of gkom, ol 7|ZF ARERE Aol okl A R FEAC] SHEH low thgdt

f7dol gryE o] ql7] wiitel spshA o ofE

[e)
o
I oHlaste] Ao At JEEo] wow, §7F ARl lolM = ADME#E WA H

Robust TCM Industry Growth

450 Bmb bn B TCM Sales = Chemical drug sales

4{1} e L e e i v s i sy =
350
300
250

2003 2004 2006 2006 2007 2008 20089 2010 2011

Source: CEIC, Morgan Stanley Research

Figure. 1. Traditional Chinese drug sales from 2003 to
2011. Rmb: Renminbi, official currency of the

Peoples’s republic of China

Olr

o FH A AAFeR AR AA tE &7 Svkska e (2" 1), 19k ¥
of ¥t Ay e A glar, ol#d a9 TV R AR TUFR s A=

g H2gse Hu% Freka uh(E 1, 2) 2

D Ao eRaigtay, ef(gehAAl so F53]7kAlatel @3 +#4, sldA (2012)

2) Manuchair Ebadi, Desk Reference of Clinical pharmacology, 2™ edition, CRC press, Chapter 4 ‘herb-drug
interactions’
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Number of events

Practice
1999-2001  2005-2007  2008-2010
e 2 F 156 292 597
gk o} 69 157 188
YA = 59 151 57
7] B 46 168 324
SHA 330 768 1166

E 2 3EAES e SR hAA S FEAG

e CLeDAA [ gsdsoe FEA AN
Flupenthixol Rigidity, Bradykinesia, Jaw
Procyclidine tremor
Betel nut (Areca catechu) Fluphenazine Tremor, stiffness, Akithesia
Prednisone
Inadequate control of asthma
Solbutamol
. Increased INR, prolonged
At Warfarin
PT/PTT
Devil’s claw )
Warfarin Purpura
(Garpagophytum procumbens)
3 Warfarin Increased INR
Eleuthero or siberian ginseng ) . ) ) ) .
] Digoxin Raised digoxin concentrations
(Eleutherococcus senticocus)
Psyllium (Plantago ovata) Lithium Decreased lithium concentration
Paroxetine Lethargy/incogerence
Trazodone Mild serotonin syndrome
, Sertraline Mild serotonin syndrome
St. John's Wort ) Decreased theophylline
Theophylline .
concentration
digoxin Decreased AUC
A ahg Prednisolone Increased prednisolone AUC
Shankhapushpi ) Decreased phenitoin
) ) Phenytoin .
(Ayurvedic mixed-herb syrup) concentration
AATH Prednisolone Decreased AUC
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1) Conventional ADME &+ &3+

Mingfei Zeng et al®] XHilo] o3t HEAA o =&3t= Aok thste] caco-2 cell
1

ON

modelS &3 &5 AT, SFFA P AA L} 2 2FE 9] in vitro/in vivo FE &g AT, 7+
71X 9w FA YT BE AT & HE o= % WA A4 55 Fste] FE
ADMES T2 838t gt} o9t & ADMEY AR 28 sok(gep)e] 2 dsta o
A% ALgol Zlelais Wt AT (& 490

X 4. A#<24F (Panax notoginseng)d & <=5 A @3t
) ) ) Analytes Administration
Species Bio—matrix ) . Dosage
(ginsenosides) route
Dog Plasma R1, Rgl, Rbl p.o. 90 mg/kg
iv. 50 mg/kg
Rat Serum R1, Rgl, Rbl bo. 1500 mg/ke
Liver, Kidney, v, 50 mg/ke,
Rat Lung, Spleen, Rgl, Rbl, Rd
Heart p.o. 800 mg/kg
Perilymph, CSF, i.t. i
Guinea pig ymp R1, Rel, Rb1 Lt 3 mg/animal
Brain, Plasma i.v. 6 mg/animal
In vitro human intestinal bacteria liver
) R1 NA
subcellular fractions Caco-2 model
. 1.v. 50 mg/kg
Rat Urine R1, Rgl, Rbl, Rd bo. 800 mg/ke

4) Zeng M, Pan L, Qi S et al., Systematic review of recent advances in pharmacokinetics of four classical Chinese
medicines used for the treatment of cerebrovascular disease, Fitoterapia 88:50-75, 2013
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2) grep(AepAAl ADME <19 A= 70

(7}) Systems pharmacology

928 2askn kg mael B4 L Jde Ut Ayshs sHEolvk

—_—

Herbal
Medicine
Clinical
Data

Compound-Target network Target-Pathway network Pathway-Disease network

1% 2 A]2~® ekg] 3} (Systems pharmacology) 7HLZ‘.4 R A%, DatabaseZ 5§ o]n] o]Fojx]l AT
S wAste] Agtel AHET e AFES NG F AR ADME 548 aeldte] oo
Nk JhsAle] & 3tES FEbllth. 1 & Compound-Target-Pathway® ©] 9% network
AE Eate] sEEe] A8 Aokl digk X3S Frtske ol

(1}) Poly—pharmacokinetics (th<= k&%) &)

o U9k &5 H & (Poly-pharmacokinetics)©] & ©]-§& 753k SRR AA ) BE 3E9
3k FEZEE Wi o)== FHL metabolomics 7]%o] E=UHWA A LI7M5EHA

=

5) Chao Huang, Chunli Zheng, Yan Li, Yonghua Wang, Aiping Lu and Ling Yang, Systems pharmacology in drug
discovery and therapeutic insight for herbal medicines, Briefings in Bioinformatics 15(5):710-33, 2014

6) Ke Lan, Guoxiang Xie, and Wei Jia., Towards polypharmacokinetics: pharmacokinetics of multicomponent drugs and

_12_
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—— |-Methyluric acid
—+— Caffeine —&— Epicatechin Hippuric acid + 0h ‘.J:n
Epipallocatechin —#— Nicotinic acid ~s— 7-Methylhypoxanthine " ’i Y l"E
i 4 | LA Sl A d 24
—#= Kaempferol —m- 1,7-Methyluric acid o 6k -

2-Hydroxybenzoic acid

19 3. Caffeine, Epicatechin, epigallocatechin, nicotinic acid, Kaempferol % =1 thA}
A el Algbell whE W3k 4. MetabolomicsE ©]-8¢ Polypharmacokineticsi= gF2F(A

oF) Wl A& o] o AR 7 thALAE EA1519] in vivo pharmacokineticsZ

(t}) Reverse pharmacokinetics

o T, R ehHAIAY] B4 F2 fFRAZC F HHAA = SAHS AFE o] &5t

oy

= Wl reverse pharmacokinetics®] /Nd@ %= &3}t

=
rE
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o
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ZH A AA] e 2EE QA CE AMEE e WHolh o E Fo, A gYE
A3t A% = A A Aol ginsenoside”} 3}
of gt & 3= CNSo|A 9] ginsenosidedl] 2]+ Hole} o AR =gt A |

2 ginsenoside® FoI% F MolAe] FEE FARA e Pl A L & 9

herbal medicines using a metabolomics approach, Evidence-Based Complementary and Alternative Medicine, doi:
10.1155/2013/819147

7) Hao H, Zheng X, Wang G., Insights into drug discovery from natural medicines using reverse pharmacokinetics.
Trends Pharmacol Sci. ;35(4):168-77 2014
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(a) Classic
pharmacokinetics
| Bicavailablity Safety
Known: target @ ADME study T $ -
Unknown: PK suitability | distribution A
safety/efficacy

Compound library =3 Lead discovery =3 Preclinical research =3 Clinical study

target-based structural/activity PK suitability druggability
drug design optimization
(8) r i Mechanism
PD model Active . Novel drug
:} 2 — > of action %‘ =
in vitro component(s) templates
L J and target
1} Direct/remote actions
Known: safety/efficacy
1 z 1 Reverse
Unknown: target Target tissue/ | <= ADME of natural h elieitl
organ/cell e —— pharmacokinetics
Clinical evidence = Preclinical research —_— Drug candidates
effective and safe ADME dissection and compatibility and
natural medicine mechanism-of-action study optimization

TRENDS in Pharmacological Sciences

19 4 Reverse pharmacokinetics®] ¢lA]. 71 9] =S Aalx &4 25 E ADME
2 o =3=1 WEle] reverse pharmacokineticst &# % kg R RE A7) @ A
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o Hl= FDAMAM = Aol AFEstarzl sh= Aeke] 7 9-(if it has any disease claim) AleFo.

2 ZF535le] NDAE 42l sfoF s, EMAS A%, AW A5 43 Ad Fo o=
AF8-29 7% herbal medicinal product® TFiEEHo] SEZH AT E A =doF &}

o)
ool kA,

)

i
>

il
o

ohoEE QRe] FAREYIAL A T R A7l 4% #u
oF 20470e] T AL AT Aol ANE FEFUN ARE ABIEE 273

o WERDAA FBEFUT ABE ko] Angel Brb % QAP WA HA
Fol AuE AT, AL RS FANT)Y) R wEA BRE Aue

_(’L
2 4 ok med eluetel AeoE BHAHAAN FE sl QIH FA 7

o

2

3ol z8E sl FBEd AFe] E9o] AFtt.

(5) FokCchAA e kg AEAee] e 3 Ad 37

o R AA = Aol i AbE Fd e SHoR kA R FERACl FHE A

ta A4t gk 2y H2 sekep Al o Frkol Quk o okEe] 54

o AWM= A B3k npol wp= 1992dFE 2009 7HA] complementary medicine©l 2] 3k

F-2h8 Abdl= oF 3447019l om o]F 25% = AZbet Ao w ey

o I3 FDAolA] 20061 H.argk vlo]] wp= St.John's Worte] EAT 2GS &

o} 3
om 1 = 1548 A+9AA (Oral contraceptive)9}9] A5 2802 eyt (19 5)

8) FDA, Guidance for industry Botanical Drug Products (2004)

9) Tai-Ping Fan, Greer Deal, Hoi-Lun Koo, et al., Future development of global regulations of Chinese herbal

products. Journal of Ethnopharmacology 140:568-586, 2012

10) Hikoichiro Maegawa, Takatochi Nakamura, Kazuyuki Saito., Regulation of traditional herbal medicinal products in

Japan. Journal of Ethnopharmacology 158(B):511-515 2014
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« Up to 2001, FDA’s
Adverse Event Reporting
System (AERS) in CDER
indicated up to 39 case

reports 0
, fats | ‘ 548549 Februarv 12. 2000> ocC
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A7kA & 3909 FAE Havk dsle

[e]
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\ ﬁ arbamazeping
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==
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e Shaojun Shi et al& 20124 Black cohosh, Echinacea % & 117} A <¢ko] thslo] in

vitro ¥ clinical studyolA #73¥ o]k} HE 28-S B THD
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fu)
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S, BFAPHAA FHe FAY £3 R FHIe] B FHS A H AL FE T
B AR 2 AGFIANE AEE AET Favt glon ol 95 FFARPAA F
5371 Ade dEFEAE A5 R QGRS AE =YY A FEH.

by

.+ EY, Bh(IPAA FBHEHE f3) At Fobel we el Aol AP
gonz, HeH(AehAAS JFES FBHEAEL A FAT F Ax B
RSy /&Y AF A8 Helstel BuFoEA ZTul v Fgol slelshok Brh

o

11) Shi S, Klotz U., Drug interactions with herbal medicines. Clin Pharmacokinet 51(2):77-104, 2012
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3. %% I -9 Js/ME A
3.1 FU FFRAMAA FEFEHAT AF
3.1.1 ADME, &3 &8 474y 2 A5EH
(1) Conventional ADME RS o] &% gef(deh)AlA e Fesd 3 FEds48 A
1) &< (Absorption)

o B M)A A] FFE Huslr] Y WHOEE  aqueous  solubility  (logS),
lipophilicity (logP), Caco» passive permeability, MDCK cellS ©]|83F A& F3%= A

, Calcein-AM assay & ©]-&3% FEF5AAE 5o Ak (29 6, 7)

Apical side Eibiyeed
Brush border Calealn-Al

Caloin-Al

< \ \
wuu—-c .E)

el NS

Basolateral side

Chemical

|II u-p.-a.u =

= Camm

Semi-permeable Basolateral side 3
membrane “'Cnil Momarana 'H —_—
1% 6 Caco-2 cell passive permeability 1% 7 Calcein-AM assay s ©]-&3% °F&
AE BAE FEAAE

2) £ 3 (Distribution)

o AP AA L] 22 ZTEE HIFE] ekl Fef(Aeh] AR R ARAAES o

ofo
ol

el 2t 7] (kidney, liver, brain, BBB )9 §%&

AN
o
ol
ol
rlr

e
=)
i)

% protein

binding test”} At}
3) A} (Metabolism)

o SeR(AeR) A Al o] ALE HILelr] flste] 719 oJekEe] ulxbE H7bshr] fgk Wl
CYP activity, MDR activity 5°] $th.

4) FEATAE (drug-drug interation) based on CYP metabolism assay
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ojefE o] oFEATAES HUtsy] fEA AEsteE B4 Wl CYP cocktail assays

HEAEE B Pl Bol AgHm B

Substrate cocktal ke 28 NP
Micresonees ; | mg'ml protemn i
Test compound (Inhabitor) ; 0 ~ 3K pg'ml
1 mM NADPH

19 8 CYP cocktail assaysS E3F 2FEAS 2H-8 7 W

(2) Fep(gehAAe] S4& e =& 7Ide] ADME % 2348 A+ Uy

gref(Aeh)AlAlel 544 ADME Alge] 3ol o AAolxnt hef(geh)alAle] b
etal F a3 AbES feiA = ADME #H7H7F Zestvs Bark AL o webs g

k(A A A o] EAS et §&402 ADME % &5

Ll
EL
N
X
ol
¥
o,
rlr
T
I
e
o,

AYPATE Fste] A (A AAl Ul #H4l ADME A5 WH¥2  systemic
pharmacology, poly-pharmacokinetics, reverse-pharmacokinetics ©]™% <F&E743 28 H7}

W 2 Deconvoluting herb-drug interactions®] th.

1) Systemic pharmacology

Fok(AenAA) A @ A Rl HEE BHeE o] Uz} oy 74 Aol o
9 mAA7] 9 BAe wedel Ao g WAV AL 9 22 ApAolt), o
3 B AAS] 542 ol §3ke] 453}, kel e, informatics 52 1P WEND

7]Wt systemic investigational method$! systemic pharmacology”} Z}=dwtar Qlt}. (19 9)

Ale) ofel ek of=o] ®A B gte] tisto] fEEH/F=sddt ANiF Aeds 2



O

G e o= to]Euo] oA AL vt A5 HESA A4S Foto] o=

(B)

Active Compounds Scresning

M
Macrod

]

ic level

eracil

Organ Interacitons [y level

steF(A ) A A 9] A9 FA7HA] &EHE
interactions T-Adgtct. Z+7be] $}5HE-2 protein (target)
olgst Al (Systems)e] 7

2 pathway®} s 283} o] o]

We E9st Ao] Ayl kg gteln), (B) Al2=® oFgghS flg A WH2 1)DatabaseEs &3}
o st AWl ay e FES AT 2)33Ee ADME 2 Egey AR
o SFEMNT Jhee BEAS EEot AW gt SFFE-IdWA-9rEH 2 networket =&¥
E49 A} E Frisitt

e 3 Haiyu Xu et al systems pharmacology®] &+ A2 A thaHo| Al&st=
Dragon’s blood®] ADME ¢SS A7lstst) o] o & WS k5o 2xF Ax 9 fgjA}

ARE 7|¥ke 2 3t ADME %2 2§ 71dS d&stes Wielt.(19 10)12
e 919 oAl Dragon’s blood (DB) Well ¥3tE o] e thfst AR x5 nigo s

o] 7hA] dHolE o] 2ot RS A5 &E3le] DB fFaAdE, &

o Zstath. A4 Wi v 2o

v Dragon’s blood W] £3 A& Ar: DBUY 3 Ao ths AHE A7 st &g

ANaE g %9 F ofyste] LC-MS/MS system= ©]83}4] retention time, m/z

12) Xu H, Zhang Y, Lei Y, et al., A systems biology-based approach to uncovering the molecular mechanisms
underlying the effects of dragon’s blood tablet in colitis, involving the integration of chemical analysis, ADME
prediction, and network pharmacology. PloS One 9(7):e101432, 2014
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55 =A%t} Chemspider®t #-2 herbal database 52 ©]-&3le] A& A Ho

M

v' Absorption % Metabolism: & HALES o9 =3517] €3}9] in silico passive Caco-2
absorption model?} Z2 & o5 RS o] §3to] Papp 52 IF&hvH s
dFFozn FF7k & He ARS A48T F Ak B CYP450 systemel o] g

WA E o= 5 3l

v Protein-Protein interaction: o7 ¢&# 7 %% 7] (target) ©] 99l Human annotated
and predicted protein interaction database (HAPPD)®} 22 dlo]y H|o]~=ZHH DB

o] & o35S WX protein—protein interactions A A e 4 Utk

v AZ2 0% Haiyu Xu et aldlAlE= DBEFE 247] &S 283191, in silico
Fold AU FaEe= Aol 2278 A =8 dAAIVF 7 A B e A S
o =&ttt e %3 7|2 FAYE 26709 v dS AAEAT 1 Ay 7]EY

AANeH in silico modelS &3}

SHYONEA B3} Lol ofe] 7hx o]l BHH oFE, SHE, ABSHE ol
483 5 oleh =@ F5, dAbeh 2 249 AA2 in silico model & A} 3ol

FEdor AgFgdom TR PHAA Aol A At & & Aok
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| [oragon'sblood tablal{DBTj] Step 1 Chemical analysis |

| | e |

: ’ Prototype compounds of DBT ] |

Step 2 ADME prediction

—| Predicted metabolites |

X ¥
Known drugs of high similarity DrugBank
[ with compoxnde In DB. ]7% Targatafurkmwndmgn ] _
[ pute e oo ] "';‘:;“‘.;“:.’::'n‘éﬁ‘

l

| |
| |
| |
| |
| |
| |
| |
| |
: | :
| |
| |
| |
| |
| |
| |
| |
| |
| |

@mm@qm-m

¥
Chemical component-
putative target network

Putative targets of DB-known therapeutic targets of colitis nshrork

47‘

29 10 . ADME prediction and network pharmacology methodE &3t

system pharmacology 17¢] schematic diagram
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2) Poly-pharmacokinetics

°
01

SHF(A A A Weoll = A7 A o] Dot 35wl H3E o glom Z47be] 35tEo] targetd} &3
o FHol a¥= vepditt. b4 k=588 (Poly-pharmacokinetics)o]l @ sheF(Aeh)AlA4] W] o] &
713 3gEe BE GEFHE U3 metabolomics 7]|Ee =Yoo R X875}

e AE AT U Ui EF HAAE EA5E 7]E 2 metabolomicsi polypharmacokinetics
of o] ofF &3k ¥4 "Wl oltl. MetabolomicsE ©]-&3F polypharmacokinetics®] 7%
& SR AP AA] W] FEE BETES 3 He BT 4 g ¥yl ofygl I E3HE 9]

AR 74A] 2418 4= 9l 7]l in vivo pharmacokinetics® & 4 tls A3 A Al 89

4.5 1
4
3.5
34
B 2 25
= =15
1
0.3
0 1
—0.5 1 -15-10 =5 0 5 10 15
—1. (h) t(1)
—a— 1-Methyluric acid
—+— Caffeine —— Epicatechin Hippuric acid + 0h gr’h
Epigallocatechin —e— Nicotinic acid —s— 7-Methylhypoxanthine " ;: n Il:!h
—#— Kaempferol —m- 1.7-Methyluric acid : 6h

—— 2-Hydroxybenzoic acid

1. gHAhAAE A ¥ 249 wolAe §EAE 9 AmAre A7t g
R gAY WA, Az BB g 9
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3) Reverse pharmacokinetics

TEE el S Hdoew dal glen 53] 1990d el e ofZ o] Awhe Aok

= 7o ® st Aok AlvrE Aok AR O R Q1A ALEel tigk HolE7F F2 H o
2J o] multiple-component, multiple—target combinatory drugs®. @ 7|@o] 7}53fch. 18y
AeFe kgt o] e FHoEo] 9o 1 F &y} pharmacokineticsoll T3l o] 3
7h SSkA] et ofFete] dutAo] MluA "olXin= Aottt f9k 2 k(A ehA

Ao Fof B FHa7] 98] A Ro] 27 EE 7l o] reverse pharmacokinetics©] th.

miol ADMEE 7Iwke & 715 A57h ZheshAnt, @er(dehe] Ae ¥ Aol
E2gHoz 5o 97] wWite]l ADMEE 7|utez 3 714 A7t o8¢ A$7F g 1
dAut R epAIAlE L) 7IZE AR Eo] Fw, b Sl EFoel glon Y)Ee] o
= A7 e ANdE 9S4 e AS AP AA i A 4] ADME

EAMoRRE ZHE RS o =3a1At st Z o] reverse pharmacokinetics®] 7@ o]t (2

71E9] ke N WAE ol &ote] FeRAhHAAY Eeo wWelaA & w IAE 3l
= O AA7E datolth A4 st ¥ F3he] AFEH W ginsenosides7t €44 =2
olghar Azttt AA FEFES AFolA CNSUl ginsenosides= H]=Fo] 7% it
o= Slitol ¥ Ao A}EEXA W 1 A EHLS ginsenosides”) oFd 4 o o
Aol oJete] HASS AR
reverse pharmacokinetics®] #HoA wvlgtRH TEXAAA G FFAAA L A5 AgoA
S o Atk Ginsenoside Rgl®] Ex4174 H- &3 oate] @z AAASY} 32047
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(A) Classic
pharmacokinetics

| Bioavailablity Safety

Known: target @ ADME study :}\/’
arget site Efﬁcacy

Unknown: PK suitability ___distribution

safety/efficacy
Compound library == Lead discovery =3 Preclinical research == Clinical study
target-based structural/activity PK suitability druggability
drug design optimization
(8) r 1 Mechanism
PD model > Active S . Novel drug
in vitro component(s) of actlon ; templates
: | and target
ﬁ Direct/remote actions
Known: safety/efficacy
Reverse
Unknown: target Target tissue/ | | < ADME of natural 5 Kineti
organ/cell components pharmacokinetics
Clinical evidence =i Preclinical research — Drug candidates
compatibility and

ADME dissection and

effective and safe
mechanism-of-action study

natural medicine optimization

TRENDS in Pharmacological Sciences

19 12 Reverse pharmacokinetics ¥4 . AeF A|A]e] target identification
1

7Ve/d& B7rsk=d 1o targeto
olt}. mhof oFE o] wjAle} FEE
g3} (DMPK)©] nletAsA] ¢S AS o] oF2 Bw= 9o}z n DMPK7} v}zk= &
otz WAE Zolth (B) ¢F& 9 targeto] WEshx| 2 Ak AlA|d A reverse
o] Aol DMPK Hr7} At targets vl
Aelsta wdls Mdeste] z2hg7)d g4,

(A) Target-defined drug candidate: °F% 7
29 842 X} Hozgo] g A 29

L.

pharmacokinetics7} A k& o}
= T Atk o& Jd #H U=

Co o
T =
=

target identification < 7}Fs3shAl s 4 Ut}

%, Reverse pharmacokineticsi= (AP ANAL] FEFEHATE Fhst=dl o] A4
T dE FAES F537] Aste] 719 WS AFRE AZsteE Aol shAINE AAR

HEst7lol= obA7A FEHoF & Fell=o] Bt
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4) Deconvoluting herb-drug interactions

o FH oko] vt wobdol wel ok Ao AG I $ER= A Srbska Ak ofE
A5 285 Hrlel=d o] phytochemicale] =@ 3}sta A 2ol Fosty oA
AW 717 o] F o] gtk A 101 3F Chinese herbal constituents database (CHCD) 2
Comprehensive herbal medicine information system for cancer (CHMIS-C), Traditional
chinese medicine information database (TCM-ID) 5 ¢] ©lo]gH|o]x7} ntEojx o &
oS Hrrsk=d Aol &S AFE d 4 Adrk dEA H O ® deconvoluting

herb—-drug interactiong & & gow 13 139} 2o W oz st} 1d)

o 7|E0 HHEojH dlo]E o] ~2 CHMIS-C, TCM-ID % Bensky's metera medica°l]A] 3k
(A ehH)AAS] A B 4 A Aok ARE Fdth
o] GeneGo MetaDrug’s databaseoll 4] %9 fAMAS dAdkdty x99 FARHO] 95%
ofef o] M= T FAEA HIHHS F7F A7 B8 HHY, 2 FAI o
95%7100%2] =& 5L Quantitative structure activity relationship (QSAR) modelingS <~
sttt QSAR models F3 (AR A A Y] target sites SHSHA Hal, A EH
[z} 2b&sh targete] Tl whel, Abgol A &} k(B ep)AIA e A8 Ve

e Qe

Structure data fileS YA &}

N

o

13) Elena Chan, Marisela Tan, Jianni Xin et al., Interactions between traditional chinese medicines and Western
therapeutics, Current Opinion in Drog Discovery & development 13(1):50-65 2010
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¥ 5 EMA°IA herbal medicinal product® <<QI¥re & & AF-o] AAAE Y& 2 A

A oFebel g 714 du AsE 4P B4 A9UA EEE
Pharmacokinetic
o Oenothera biennis Evening . . . C " AUC
Oenotherae biennis L. Oenoth P Atopic Gamma linoleic max max
.; Oenothera rimrose -
oleum ) . eczema acid (ng/mL) (hr) (ng/mLxhr)
lamarckiana L. Oil AM | 22.6 4.4 119
PM | 20.7 2.7 155.1
Randomize
d, Pharmacokinetic
. ginsenoside Open-label, Cmax tmax
Ginseng radix ~ Lanax ginseng oo, General —poy TRy TRpo
C. A M k (mg/L) (hr)
C, , e Ginsenoside Rd 2.8 ~19.3 17.7-19.3
multiple Ginsenoside Rgl 2.09
dose study
Open,
. randomised
Uvae ursi Arctostaphylos Bearberry geig?grlt hydroquinone/
folium uva-ursi (L.) Leat tract Y Arbutinthydroq , two-way Metabolism was faster
ea :
Spreng. disorders uinone) CrosSOver
study
Eleutherococcus tonic for
Eleutherococci senticosus Eleutheroco  invigorati . . o
radix (Rupr. et ceus on in eleutheroside CYP2D6, 3A40l <3k §l&
1\1\%1)}?;;‘) fatigue
Hypericin, Placebo Pharmacokinetic of hyperforin
. pseudohypericin, controlled, AUC tmax
. Hypericum . ’ 1 . )
Hyperici herba serforatum L \87\}0 I:IEOhn S \E}I%lec():%s hyperforin,  double blind Dose (ng/Lxh) | (hr)
' Quercetin, study, 300mg | 1336 2.8
Isorhamnetin randomized 600mg | 2215 3.6
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FeHepAAL FREY P FBREAE BUAS A ATE A BEE Fhol o
BEUAT 2 FEAEAE A7 299 WA 2 =9 Yool gl Apsigon, 7 =
ES} B AT Vg 2R e obest 2k

%% 1 BeehAA kR 9 AY 2 Am 24

FE AT W Y 2R 53 FHAPAA FEEN HY AT 4F 24

A+ W FDA, EMA, tistul =4 (KP), o sl = oA o] skek(AoF) 45 (KHP)O
FAE ek, FEE Y 2 AlA 5o A A oFF F O Y&e ZASI
=

2138to] microsoft Exceloll Hlo]EWo] A~ = A3t

A el Tl A ALgEE FeRAH L AT(ME, FF PIA AgIE @
HAoh ] BAEAE Fo FREHAT Aol vstel Hzz 24 ¥ BHsgL,
ol dlolelulo] s FE)E AFel, FF AHAH FEEH AT FIARE A}

fo
=]
[\
o,
s
o2,
2
N
2
Qi
N
)
>
2.
it
offt
=
)
b
k1
o
ftlo
o
ot
r U
o,
Mz
i
NE,
K
o
o
r [

T8 A5 WE: FDA, EMA, 9 F=9 &7l 74S A 9 B48ta AEHE 3
7bate] $-gluel Aol SAlA 23 o RS geldh wdk 2 ekxo] ojokE o E F
A& 7tol=gtel e 7|wko 2 &3, FDA, EMA, health Canada 59 ¢]¢FE ¢}

A tel=etel & FuR stel deR(AhAA FETHADN e xE 2HE

o
AA T EAl kEEH Al =] mERS AAE

A FDAS 7F 94 ‘guidance for industry - botanical drug products’, EMA 2]
517F 4178 Directive 2004/24/ECe] AN -GS Hestar A2 2 F=2 §7F &
el digh G =S 2Abste] A g g A kAo A ek ook A
A TR FEHIVFE AT HAEAE el =gkl (2012)
3 Aol A (2011)°9) &S 7]E o7 &, FDA 'Nonclinical safety studies for

the Conduct of human clinical trials and marketing authorisation for

‘

A

i

jules
N,

ek AE AR A7

pharmaceuticals (2013)’, ‘pharmacokinetics: repeated dose tissue distribution studies
(1995) 59 7tol=gtl S FHaste] Z=HAE A ASHAT

Aol ool m=, F9, 4B, T3 59 R 7t dAE Al ¢
of A% MmgomA A FAH x5E HuE £ dgom, oJopEe of

B oA slolmetel e mgom sho] geR(Yene] EEE AT BFAA



B, EQuAe 2EyYoR AN Hekgeh) FREH AT w4 RES

’
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d

S HAAS FBHEA Gl oA AP FAl w4 s B D AR

(R
i

=3
oL |W

==

o

1o

N
)
_I

A7 Ul FDA, EMA, 412k 59| ook E 4548 rstol=etel 58 g

shel @eR(gehe] FEAEE AT Tlol g

7Fesd B7F ¥Rle AL, ol dAarE R e dests wd A
o ]

2APete] Ao ofzdnage] A AR Weks A=

o
mu oz K

ot

A+ W FDASC] ‘Guidance for industry: Drug interaction studies - study design,
data analysis, implications for dosing, and labeling recommendations (2012)'& 7]
=2 3dlar, EMAY ’'Guideline on the investigation of drug interactions (2012)°,
Health Canada®] ‘Drug-drug interaction (2000)'¢] W82 Zardle] k(A ek)e] of
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1. FDA, Guidance for industry—botanical drug products (2004)

2. EMA, Directive 2004/24/EC (2004)

3. Hikoichiro et al., Regulation of traditional herbal medicinal products in Japan,
Journal of Ethnopharmacology (2014)
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FDAA] 2004 9] ¥F7F$F ‘Guidance for industry - botanical drug products+ 3+
°F(AoF)o] d7tE s o o An % 2 Aol ik A S AAlsHA AE ek vt
ol=g}elo|t}, B 7lo]=2}ele& OTC monographel] o] 3Hek(A<k) 2 Aleko &2 ao] dlof
(Aep)e] Amjsi7tE W] flal Bad As B Axfe]| digte] MEsta vk ¥ rlol=et
019 Bt ol Fol YERUen, F2 Fae BRES V. Marketing a botanical drug
under an OTC drug monograph, V. Marketing a botanical drug under an NDA, IX.

INDS for phase 3 clinical studies of all botanical products®] Nonclinical safety

assessment 5 ©] 1t}

Guidance for Industry

Botanical Drug Products

{CDER).

8274573

.S, Department of Health and Human Serviees
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
June 2004

Chemistry

a9 20 FDAolA  2004we] &3+  Guidance for
undustry, botanical drug products® EA]. ¥ 7jloj=zg}
Aol A= marell A skeR(AI e o] s7tE Wk

g2 9 I Axaje gk dAAES AAlskA A
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¥ 22 FDAoA 233l ‘Guidance for industry — botanical drug products (2004)'¢] Ex}, E 7}o]
zERlo = (Aol ookE ket BHES AEAR Tl tste] AAME] AeHo] o E <
TE Y3t F2 Fag FES kA FEFH S #AdHo] e FEoR WE 9 ojgyAR
XA

I. INTRODUCTION

II. BACKGROUND
III. GENERAL REGULATORY APPROACHES

A. Marketing Under OTC Drug Monograph Versus Approved NDA
B. CMC Information for Botanical Drug Products

C. CMC and Toxicology Information to Support Initial Studies

D. Applicability of Combination Drug

IV. MARKETING A BOTANICAL DRUG UNDER AN OTC DRUG MONOGRAPH
V. MARKETING A BOTANICAL DRUG UNDER AN NDA

VL. INDS FOR BOTANICAL DRUGS

A. IND Information for Different Categories of Botanicals

B. Basic Format for INDs
VII. INDS FOR PHASE 1 AND PHASE 2 CLINICAL STUDIES OF LAWFULLY

MARKETED BOTANICAL PRODUCTS WITHOUT SAFETY CONCERNS
A. Description of Product and Documentation of Human Use

B. Chemistry, Manufacturing, and Controls

C. Pharmacology/Toxicology Information

D. Bioavailability

E. Clinical Considerations
VIII. INDS FOR PHASE 1 AND PHASE 2 CLINICAL STUDIES FOR NONMARKETED

BOTANICAL PRODUCTS AND PRODUCTS WITH KNOWN SAFETY CONCERNS
A. Description of Product and Documentation of Human Use

. Chemistry, Manufacturing, and Controls

Nonclinical Safety Assessment

. Bioavailability

Clinical Considerations
INDS FOR PHASE 3 CLINICAL STUDIES OF ALL BOTANICAL PRODUCTS

. Description of Product and Documentation of Human Experience

Xm o | w

I

. Chemistry, Manufacturing, and Controls

Nonclinical Safety Assessment

. Bioavailability and Clinical Pharmacology

oo N w >

Clinical Considerations
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EMAOd]A] 2-7}F3F ‘Directive 2004/24/EC of the European Parliament and of the
council of 32 March 2004 amending,
products, directive 2001/83/EC on the Community code relating to medicinal
Absroll Al Abgek= o ekFoll gk A ¢l 2001/83/EC 3ol A
st w2 AYs Aot # FAelA = Traditional herbal
medicinal product, herbal medicinal product, herbal substances, herbal preparations & 3%t
oF(Aeh) ¥ wg Rolo] Ao B gek(Aehe Afel wE 7t
registration procedure, authorisation of herbal medicinal products) stek( Ay ok AHE

0§ ik,

as regard traditional herbal medicinal

products for humans’=

TP RES
3] 5(]_ (Simpliﬁed
Zobebal

3042004

Oficial fournal of the European Unice L 13685

DIRECTIVE 2004/24/EC OF THE EURDFEAN FARLIAMENT AND OF THE COUNCIL
of 31 March 2004
amending, as regards iraditional berbal medicinal s, Directive 2001B3EC on the
Community code relating to medicinal prodects for bumsn e

THE FURDPEAN PARLIAMENT AND THE COUNCIL OF THE
EURDFEAN UNION,

and an acceptable level of safety and are not eligile for
a marketing awthorbation. To mamtain these produces
o the markes, the Memnber States have enacsed differing
procedures and provisions. The differences that
curently exin between the provisioes lid down in
the Member Suates may Fender ade in tadsions]
medicinal prodaces wihin the Communiy and lead 1o
discrimination and distortion of competition erm
manufscturers of these products. They may abo have
et vt proteaton of bl besbl viocn
necessary guarantees of quality, safety and efficacy are
ot always provided = presenst

Having regard to the Treaty establahing the European
Conranky, and in particular Antidke 93 thervod

Having regard 10 the proposal from the Commbvson {1

Having regard 10 the opinion of the European Economic and
Socil Commiteee (9,

W Having regand 10 the pamicular charscreristics of dhese
medicinal prodiucts, especially their long madition, it is
desirable 1o provide a specil. splilied regiwration
proceduse for cenain_ wadsonal eedicinal peoduces.
However, this simplfied procedere should be wsed
only where oo marketng authorasion cn be
obsined purmant 10 Dweae 2001/83EC
r.—mlu become of a lack of sulficient scieenific

nerature demommrating 4 wellestablished medicinal
use with recognised efficacy and an accepuable level of
safiery. & should bkewise not apply 0 homeopaibic

Adting in accordance with the procedare liid down in Articke
251 of the Treary 7,

Whereas:

{1)  Directive 2001/3[EC {4 requires that applications for

authorisation 10 place 4 medicinal product on the
market have 1o be accompanied by a doasier containing
parsiculars and documeens relasing in paricelar 10 |h¢
rewhs of physicochemical biclogical or

clogical veses 35 well 35 pharmacclogical and tcice-
logical tests and clinical wrials camed ow on the
product and thus proving its quality, safety and elficacy.

Where the applicant can demsonsraie by devailed
eeferences 10 published scienidic lncrarere thar the
constiuen or the consuents of the medicinal
produc his or have 2 wellcxablished medicinl ese
with recognised elficacy and s acoeptable level of
safery within the meaning of Directive 2001 /83EC,
befshe should not be required 1o provide the resals
of pre-clinical tess or the resubts of clinkcal wriaks

A sgnifiant member of medicinal produces, despire
their long 1radason, do not Falfl the requivemenes of 4
well-cuablshed mediciul we with recogaied eliicacy

medicinal products eligible for marketing ssthorisation
or for registration wnder Direciive. 2001/ 3/EC

The long tradition of the medicinal produce makes &
possible 1o reduce the need for chindcal erulks, & so far
an the eflicacy of the medicinal product is plasible ea
the bask of long-sanding wse and  experionce.
Pre<clinical tests do mov seem necessary, e the
medicinal prodect on the basis of the nformarion on
s |u]n4|.|] use proves nct to be harmiul 1 speciied
(f\l“ s of wse. However, even 3 long sradition does.

ot ml..de the possibility that there may be concemn
it regand 1 1T prodscr's safety, and therefore the
competent Julhmmn should be entitled 1o ok for all
data o for avewing the safery. The qualiny
aspsct of the rmediinal peoduct v ndependent of =
radaional use 50 thar no derogaion should be made
weh regand o the mecessary  physico-chemical
bislogical and microbiological tests. Products should
coenply with quality standands i relevant Baropean
Pharmscopocis mon: urapl o those in the phas-
macopoets of 2 Member Sase.

The vaw majorky of mediinl producs wib
sulficienly log and coherent sradiion are based oa
heshal substances. b thercfore seeems approprlate 1o
limit the scope of the simplfied registraion & a firs
step 10 traisional berbal medicinal produces.

19 21 Directive 2004/24/EC2] A #H o], 9

[e]
737:

e

Abgtoll Al

ZoiH,

AFgshe
2001/83/ECeI A1 SHeR(eR)el] o}
eHepel B Aol B
EORERE SISO

o pgo

I
o
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o UE U Foo] AY fAo] dEo] W FoojE Ho Qe AR HFH =vs Fisd
o}, AdE FHe] A9 Hikoichiro Maegawa 52 ‘Regulation of traditional herbal

medicinal products in Japan (2014)'¥} Hiroshi Saito®] ‘Regulation of herbal medicines in
Japan (2000) & #astR o, T 42 A% Tai-Ping Fan 52 Tuture development

of global regulations of Chinese herbal products (2012)E 3313}t

* Hikoichro Maegawa 5©°] Hig #@d& A& shef(A )z HaAgh 742 AL, k(A
°F) 317F= Sl Bad An, i FoR(Ahe] dF Fol diste] Avfsta vk 9 &
of MEW JEAAE Auke]oFFom Fujdd F e FoR(A ko] vt &AM 19704
f g T ZAbel whet 21059 dWHo|okE o R AMEE & A dRA S HIHe
™ 20080l o] & JHAs] 2947 FHOE F
(Beh)e] 817k A8 Zhol=ehlell tiate] Aistar 9l

3 23 Hikoichiro Maegawa et al. ©] H.113%F ‘Regulation of traditional herbal medicinal products

in Japan'e] =& W&,

Article: Regulation of traditional herbal medicinal products in Japan

Author: Hikoichiro Maegawa, Takatochi Nakamura, Kazuyuki Saito

Journal: Journal of Ethnopharmacology 158 (2014):511-515

Abstracts

Kampo medicines are the main traditional herbal medicines in Japan and are classified as pharmaceuticals.
They are based on ancient chinese medicine and have evolved to the Japanese original style over a long
period of time. Ethical Kampo formulations are prescribed in general practice by physician under the
National Health Insurance reimbursement system. Over-the-counter (OTC) Kampo formulations can be
purchased and used for self-medication in primary health care settings. Kampo medicines have a
substantial role in the Japanese healthcare system. In the early 1970s, “The internal Assignments of the
Review for Approval of OTC Kampo Products”, known as “210 OTC Kampo Formulae”, was published
by the Ministry of Health and Welfare (currently the Ministry of Health, labour and Welfare). In 2008,
“210 OTC Kampo Formulae” was revised and presented as “The Approval Standards for OTC Kampo
Products” and now 294 Kampo formulae are listed in the standards. These products have had wide spread
usage in Japan. Crude drugs and Kampo extracts have been listed in The Japanese Pharmacopoeia. Both
the Approval Standards and The Quality Standards play a key role in regulation of Kampo products.
“Application Guideline for Western Traditional Herbal Medicines as OTC Drugs” was published in 2007.
Other Ethnopharmaceticals mostly from Europe could be approved as OTC drugs in Japan.
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Hiroshi Satio’h B3@ £@&, 43 Fek(gepel fabsk &7k T4 thste] 2Astn
k. Ao A9 FeHAehe FRE /Yo s o] A, F, WPkl A

g o] ek 19608l 3, F9 52 7190w s derden WFel Exad oo

)=
1970t o2 EF ) AW 2105 S AATtozH oAHIEA o, 17,0000

(e]

P

—_

A=
Fo @ep(dohe] AMEOoR BHsol 9, 1600079 FeR(eh) ANHETo] #7e o
9 FFolck

Article: Regulation of Herbal Medicines in Japan

Author: Hiroshi Saito

Journal: Pharmacological Research 41(5) (2000)

Abstracts

In Japan, two overlapping types of traditional herbal medicines coexisted for centuries. The first one was
the traditional Japanese and Chines medicine. These medical systems were damaged by the first Medical
Care Law in 1874 that proclaimed the abrogation of traditional Japanese medicine. The second type of
herbal medicine used in Japan originated in Europe and south-east Asia and became popular after the law
in 1874 was announced. Some of those products are still used today as prescription drugs. Although the
renaissance of the traditional medicines has been on the rise since approximately 1960, the confusion and
decline of the traditional Japanese medicines was further strenghtened by introduction of dietary
supplements. Regulation of herbal medicines, except ‘Kampo’ formulas is the same as the approval for
both prescription and OTC drugs. Typical characteristics of the Japanese herbal medicines is the existance
of Japanese traditional medicines, ‘Kampo’ formulas and combinations of the traditional medicines with
vitamins and pharmaceuticals. Regulation of quality standards of those herbal products was established in

Japanese Pharmacopoeia for more than 90% of them.
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Tai-Ping Fan s°] R 13t #3 oA = traditional Chinese medicine (TCM)2] Z+=r 7l
ate] vl Ao, At =7l Europe, China, Africa, Australia, Brazil, Canada,
Japan, Russia, South Korea, The United states ©|1t}t. Z=r9] 1A A< AKE Qokdlo]

Zfskal glom, AN FreR(Ageh)o] Aldle AlAEkaL QT

Article: Future development of Global regulations of Chinese herbal products

Author: Tai-Ping Fan, Greer Deal, Hoi-Lun Koo et al

Journal: Journal of Ethnopharmacology 140 (2012):568-586

Abstracts

Ethnopharmacological relevance: GP-TCM is the first EU-funded Coordination Action consortium dedicated to
traditional Chinese medicine (TCM) research. One of the key deliverables of the Work Package 7 in GPTCM was to
investigate information of the existing requirements for registration of TCM products listed by global regulatory
bodies. The paper aims to collate data and draw comparison of these regulations. Case studies are also presented to
illustrate the problems involved in registering TCM products in different regions worldwide. Materials and methods: A
collaborative network task force was established during the early stage of the GP-TCM project and operated through
exchanges, teleconferences and focused discussions at annual meetings. The task force involved coordinators, academics
who are actively involved with R&D of Chinese herbal medicines, experts on monographic standards of Chinese
materia medica, representatives from regulatory agencies, experts from industries in marketing Chinese medicines/herbal
medicines and natural products. The co-ordinators took turns to chair teleconferences, led discussions on specific issues
at AGM discussion sessions, at joint workshops with other work-packages such as WP1 (quality issues), WP3
(toxicology issues) and WP6 (clinical trial issues). Collectively the authors were responsible for collating discussion
outcomes and updating written information.
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FDAYI A= 19979l ‘Guidance for Industry - M3 Nonclinical Safety studies for the
conduct of human clinical trials for pharmaceuticalsS W3 slo] o] oF3&E
k7] f1gk v AR AEALES AAEEE k. 2 tel=El F okEEH A%}
#H 9l HIE2 Toxicokinetics and pharmacokinetic studies©]™ =1 U

2ok o] spel=glzt AA vhEA ekt

2. M3(R2) Nonclinical Safety Studies for the Conduct of Huamn Clinical Trials and
Marketing Authorization for Pharmaceuticals (FDA, 1997)

* Toxicokinetic and Pharmacokinetic Studies

In vitro metabolic and plasma protein binding data for animals and humans and systemic
exposure data (ICH S3A, Ref. 7) in the species used for repeated-dose toxicity studies generally
should be evaluated before initiating human clinical trials. Further information on
pharmacokinetics (PK) (e.g., absorption, distribution, metabolism and excretion) in test species
and in vitro biochemical information relevant to potential drug interactions should be available
before exposing large numbers of human subjects or treating for long duration (generally before
if any additional testing is warranted.
Nonclinical characterization of a human metabolite(s) is only warranted when that metabolite(s)
is observed at exposures greater than 10 percent of total drug-related exposure and at
significantly greater levels in humans than the maximum exposure seen in the toxicity studies.
Such studies should be conducted to support phase 3 clinical trials. For drugs for which the
daily administered dose is <10 mg, greater fractions of the drug related material might be more
appropriate triggers for testing. Some metabolites are not of toxicological concern (e.g., most
glutathione conjugates) and do not warrant testing. The nonclinical characterization of metabolites
with an identified cause for concern (e.g., a unique human metabolite) should be considered on

a case-by-case basis.
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EMACI A= o] oFEidat #addh Zhol =gl S A4 o= Fedte] wxsgleon 1 5
oFE Rl gtel #WHo] gl rtol=gkelo R 1995\e]  walEk  “Toxicokinetics:  the
assessment of systemic exposure in toxicity studies (ICH S3A)’¢} ‘Pharmacokinetics:
Repeated Dose Tissue Distribution Studies (ICH S3B)"7F At} & & =58 A9 2
FHor Bel Yu slolmeiele FARN =¥ R BT FEEUe] APAIS

A A8k Sk

3. Pharmacokinetics: Repeated Dose Tissue Distribution Studies (Europe ,European

Medicines Agency, 1995)
e SUMMARY

Tissue distribution studies are an important component in the non-clinical kinetics programme.
For most compounds, it is expected that single dose tissue distribution studies with sufficient
sensitivity and specificity will provide an adequate assessment of tissue distribution and the
potential for accumulation. Thus, repeated dose tissue distribution studies should not be required
uniformly for all compounds and should only be conducted when appropriate data cannot be
derived from other sources. Repeated dose studies may be appropriate under certain
circumstances based on the data from single dose tissue distribution studies, toxicity and
toxicokinetic studies. The studies may be most appropriate for compounds which have an
apparently long half life, incomplete elimination or unanticipated organ toxicity. The design and

timing of repeated dose tissue distribution studies should be determined on a case-by-case basis.
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ST A= 20149 Guidance 23: Nonclinical studies - Previously ARGPM appendix 23
S ettt o] Jlol=Eele S oA Ao kESs TR & w AAsk= = A
& &A1 (Common Technical Document)®] A 43 (Module 4)9] AEE w71 ) A2
st Aol European guidelined] F7FA o2 s dof 3t Abgle| t)sle] A s 7tol=gk<l
o},

|
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°

4. Guidance 23: Nonclinical Studies (Australia, Therapeutic Goods Administration, 2014)

23.1 Additional pharmacodynamic and pharmacokinetics studies

23.1.2 pharmacokinetics

These notes are concerned with the time course of the absorption, distribution and excretion of new
medicinal products and with their metabolism in relation to their safety.

Data on the levels of substance and metabolites in blood, body fluids, organs and in the excreta can be
obtained by physical, chemical or biological methods. When a labelled substance is used, the position of
the label in the molecule and the specific activity of the material must be stated. Consideration should be
given when selecting the position of the label to its likely metabolic fate. Attention must be given to the
fact that the measured label in body fluids may not correspond to that of the unmodified substance, but
may include labelled metabolites and conjugates. Attention should be given to the possibility of isotope
exchange with endogenous compounds.

The animal species in these studies usually should be those used in the pharmacological and toxicological
investigations. A preliminary study of kinetics and metabolism of the medicinal product in a few human
subjects could provide useful information in choosing the animal species to be used in repeated dose
toxicity studies.

Information should be presented on the following items:

e Absorption (fractional absorption, kinetics)

e Distribution in the principal organs and tissues and the time course in body fluids
® Blood, plasma or serum half-life
® Plasma protein binding
® Characterisation of the pattern of metabolites in excreta, and where practicable, identification of major

metabolites

® Route and time course of excretion of substance and metabolites
o [f biliary excretion is a major route of elimination , then the possibility of enterohepatic recycling

should be investigated.

A quantitative account of the fate of the administered dose should be attempted.

To assist in the interpretation of toxicological studies, it is important to compare the exposure of the
animals used in the toxicity testing with the anticipated exposure in patients under the proposed therapeutic
dose regimen.
® Provide systemic exposure data for all animal species used in repeat dose, carcinogenicity and

reproductive toxicity studies.

® Provide exposure data in humans at the maximum recommended dose (including, where relevant,
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paediatric exposure data).
¢ Include tables comparing these data as part of the Nonclinical Summary or Overview
e Ensure the exposure data, preferably obtained from the toxicity studies, includes:
-the Cmax (after a single dose and at steady state) and area under the curve (AUC) data for the
parent drug and all major active metabolites, and/or
- major pharmacologically inactive metabolites of potential toxicological significance.
¢ Include plasma protein binding data and assay methodology, if there are notable binding differences

between nonclinical and clinical studies.
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EMAC°l A+ 1988 ‘Pharmacokinetic studies in Man' ©]&t+= 7Fo] =2}l W ¥ 3o,
2 Jlol =l Aol A FEE AFE S8 Ao iy Eof & Hel| vt AMesta 9

om FAH] AFALGS Altstal o

Pharmacokinetic studies in Man, EMA, 1988

I. Pharmacokinetic factors to be studied which deal with:
1. absorption
2. distribution
3. elimination
as well as with interactions and adverse reactions, and
II. Methodology and conditions of study which deals with:
1. choice of administration (route, dosage, dosage intervals),
2. choice of subject (healthy volunteers, patients with relevant disorders, patients with other
interfering conditions),

3. choice of methodollogy (sampling and analysis, data processing and statistics).
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EMAoI A= QoA AAIZ 7lol=glel o]9leo] 1998 ‘Note for guidance on general
consideration for clinical trials’g}= 7ho]l=2}Qls Walatglon, & 7lo]=gle ICHY
“General consideration for clinical trials”& 7]RFo.2 sto] Zdd Zlo= 1) A AAHLS
2 A= ookE T dutel AR AR el e dvkd e 5l welo] g
A, 2) ek Ao ool Pzt =] ddulelH e HrF B vk, 3) ICH 1744
A4 FE2A TA HE overview ToE FAEO Atk 2 Jlol=Eile] W& T U4

W 1 Aol dig HEE Faskslon, Fagt e ol wel #Ast

12
o
>
o
N

Note for Guidance on General considerations for clinical trials (CPMP/ICH/291/95),
EMA, 1998
3.1.3.1 Phase I (Most typical kind of study: human pharmacology)

b) Pharmacokinetics

Characterisation of a drug's absorption, distribution, metabolism, and excretion continues
throughout the development plan. Their preliminary characterisation is an important goal of
Phase 1. Pharmacokinetics may be assessed via separate studies or as a part of efficacy, safety
and tolerance studies. Pharmacokinetic studies are particularly important to assess the
clearance of the drug and to anticipate possible accumulation of parent drug or metabolites
and potential drug-drug interactions. Some pharmacokinetic studies are commonly conducted
in later phases to answer more specialised questions. For many orally administered drugs,
especially modified release products, the study of food effects on bioavailability is important.
Obtaining pharmacokinetic information in sub-populations such as patients with impaired
elimination (renal or hepatic failure), the elderly, children, women and ethnic subgroups
should be considered. Drug-drug interaction studies are important for many drugs; these are
generally performed in phases beyond Phase I but studies in animals and in vitro studies of

metabolism and potential interactions may lead to doing such studies earlier.
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FDA guidance for industry: Drug interaction Studies - study design, data analysis,
implications for dosing, and labeling recommendations (2012), EMA, Guideline on the
investigation of drug interactions (2012), Health Canada, Drug-drug interaction (2000)<]
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F 35 ofFEdEAgel o7 A Al BA Vs Wb A vhelmekel A e (L)

Drug Interaction Studies - Study Design, Data Analysis, Implications for dosing, and

Labeling Recommendations (FDA, 2012)
The key recommendations for sponsors to consider when evaluating drug-drug interactions during

drug development are listed below. The various sections of this guidance provide more details
for each recommendation.
¢ Interactions between an investigational new drug and other drugs should be defined during
48 drug development, as part of an adequate assessment of the drug’s safety and
effectiveness. The objective of drug-drug interaction studies is to determine whether potential
interactions between the investigational drug and other drugs exist and, if so, whether the
potential for such interactions indicates the need for dosage adjustments, additional therapeutic
monitoring, a contraindication to concomitant use, or other measures to mitigate risk.
e Development of a drug should include identification of the principal routes of elimination,
quantitation of the contribution by enzymes and transporters to drug disposition, and
characterization of the mechanism of drug-drug interactions.
e Sponsors who believe a complete evaluation of the potential for drug-drug interactions is not
necessary for an investigational drug because of the target population and likely
coadministered drugs should contact the Office of Clinical Pharmacology and the clinical
division in the Office of New Drugs.
e This guidance and its appendices include numerous decision trees intended to help sponsors
determine what types of drug-drug interaction studies may be needed (see Figures 2 through 7

and Appendix Figures A-1 through A-6).
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a3t EMAol A= 2012y %0 W33t ‘Guideline on the investigation of drug
interactions’ol| 4] & eA S8} oFH
o herbal medicinal product®} specific food product®}e] A28 %= Hrbsfjol o AL

A A8l QAT

2. Guideline on the investigation of drug interactions (EMA, 2012)

The potential for pharmacokinetic interactions between new medicinial products and already
marketed drugs should be evaluated. This applies to both effects of the medicinal product on
other drugs as well as the effect of other drugs on the medicinical product. Futhermore the
effect of concomitant food intake needs to be investigated. The drug-drug interaction
potential is usually investigated through in vitro studies followed by in vivo studies. The
results of interaction studies are used to predict a number of other interactions based on the
mechanisms involved. Treatment recommendations are developed based on the clinical
relevance of the interactions and the possibility to make dose adjustments or treatment
monitoring. This document aims to provide recommendations on all these issues. General

recommendations are also provided for herbal medicinal products.
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=P =
=T T
If2fo| E BA(471),Papp(1?1),Ka(1d) CHE ZASEA[ 21
in vitroX ¥ Caco-2 (271), 2 2| (37 TEHEEZAH 371
CHAF HY A
AtEh 22167, rat In vitro
A2 Matrix v R ol
e 8 A
CYP induction 671 HiMdZA =2 feces(371), Urine(37d),
Al . N FEEH(2H)
CYP inhibition
N 194
Al
of=AMT A
o 671, A4S Phenobarbital, Theophylline, glycyrrhetinic acid,
in vivo
midazolam =
in vitro ol
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(3) FDA, monographtl <=4 FHep(ef) dlojgulo]x F diefei e H2 aof

FDA®] monographt] gef(AeF) 80F< o= 3 A4 & e d a2 ot
3 2691 A st

i
2
o
fr
rlr
ol

TRV} 17702 7 weton, T A3 S capsule SEj7F 7P wokth

FEAUHE high performance liquid chromatography (HPLC)7} 1271o 2 713 @t
high performance liquid chromatography-tandem mass spectrometryS A}-83F 257} 54

o7 F WAz wokth

A& dEbrEE Y % (Cmax, maximum concentration), H o ¥% =Y A7
(Tmax, Time to reach maximum concentration), =413} 2% (AUC, area under curve)’}
b7y o w s wokow 7 wAlE Wol AbE3 Iepvly = whghr] (T1/2, half-life) o]
AT,

FoAE A F 1070 HuFEglow Asag it 9FE-S midazolam, debrisoquine,

¥ 26 FDA, monographt] A skek(Aeh el ddereiAlg A+ dA3F A4

o)
FDA A4ota|A[H e

¥ (), 8558 (0

TrialE & 21), PROIT(1Z) EN4d=z Bd75EA (17H)

(Y [ 14
. N Capsule (1471) 22|(27)
TBAtE 500 @ E o H| P 4

o MA
EMEDLHE ), O
SEAERDLHE AAHZ, F& SO| LIEf

L}
.

Cmax (57), Tmax (571),
APETEIOIE  AUC(57), T1/2(471),
Kel1?d) &
Midazolam, debrisoquine

—

o

HPLC (1271),
LC-MS/MS (571)

1z
0%
s

Ao

0
for
Ll
olo
0x
o

B
ol
19

10
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(2) EMA, Community listt] 521 steR(AeF) dlo]E o]~ 5 v A FEsH i &

EMA®] community listt] k(A eF) 1795S o= 3 A+ F v A SFESH A
T 3 ofgl & 289 Al st

o

EAAARE] A5, AHE TEFTS rato] SHloE U wRkow, F HARE Wol] AHE

e

FEZS mouse® 11193l t}

Fo] ARE ATF (PO, per ora)7} 49710 = 7P Eta, tr2om AHWES (IV,

intravenous)”} ¥ WA Z Wo] AL oW HuFE EIHL 22710},

FAEHAL dAGS 745 Sul2 FE53 55 FHU 21002 JH g woka, Ak U
AEZ S T8 49 (cold compound)”} 157002 F W2 2ok,

X o] 9 High performance liquid chromatography (HPLC)7} 3142 7b4 &
, HPLC®} mass spectrometry”} 145 o] 9= LC-MS/MS Wo|] + HAZ @Wore
=

o M

Ay
o
ro

gug e A9 Fost FE2E & 5o Aol duly W] F4Eo] FHu
et =7FHE dolsE & v A Hd HY 3% £ Al (Tmax, Time to
reach maximum concentration)®] 2774 2.2 7} wolomn AWoA] AT = JEE A

7ro 2 JeRR wrzb7] (T1/2, half-life)7} 257002 F WHAZ @i, A Wz Zol

TEE

Ll

=A% getrH = Y % (Cmax, maximum concentration) 2 247 o] 1t}

g #E AT A9 in vitro AF S ZA Caco-2 cell Ago] 570 AP, 1 99
Agol  3de] Y. T FFE UEde=  IdEHHEA AAlo]&E  (BA,
bioavailability) S H. 113k =3 o] 97, Papp (Apparent permeability) & H 113k &3 o] 34,

a8 a ¢ £ A (Absorption constant, Ka)E ¥ a1k £3lo] 174 o]t}

A Fd A9l H$ CYP induction Al &2 27032, CYP inhibition A& 237 9]

Aom 9o} e AHS 7] Ya AFEI matrixes AAHS F@lE 3 hepatocyte,

microsome S°] 8o 2 7Fd wkow rat @ matrix’F 32 F HAZ ok}

_72_



WA B
g FAw B

iAo 2 okg

e,

theophylline, phenobarbital,

rifampicin, doxorubicin

28 EMA, community listt] F2] - e el ndA FEFH

in vivo FIolA

) A

o

A%, in vitro oA 8% A= 3R Hay

2702, 947 WY oHEe

Ao AE AT
T A= warfarin,

morphine, diltiazem, midazolam, isoniazid, pyrazinamide,

SOl

EMA B F2EH 97 oF

o
=
[=)

>
0f
ol
Mo
OR¥

e EE
ol
2y
=y12to|g

= O
Rat (5571), Mouse (1171), Dog (171), Monkey (371), rabbit(171), pig
ear skins(171)
PO (4971), IV (2271), IP(571), Dermal(27d), SC(17d), 12l(57)
Extracts (2171), Cold compound (1571), radio-labeled compound
(17271, 22[(26)
HPLC(3171), GC-MS (37), LC-MS (571), FT-IR17), 32 FH(671)
Cmax (247), Tmax(277), AUC (2171), T1/2 (257), Kel (271),
Clearance 167, vd (17)

=
|=|T =i
IS BA(9d),Papp(371),Ka(171)  CHEHZTIAIY Pl
in vitrod Caco-2 (571), O 2| (3) ZTAZZAH 117
CHAL Hi 2
Atet 22(84), rat In vitro
A2 Matrix e ) L 5
wei(37h), 22A) k!
CYP induction - HiE2E2 feces(207), Urine(2671),
A8 o Al 524 ()
CYP inhibition
. 237
Al
SIEANSZIZ
1271, AL AS=: warfarin, theophylline, phenobarbital, morphine,
in vivo diltiazem, midazolam, isoniazid, pyrazinamide, rifampicin, liquiritin,
doxorubicin, paracetamol &
in vitro 3, AL M9F=: Caffeine, 5-FU, Amphotericin B
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(3) EMA, Community list]l s=#] gkek(A ) dlo]Eujo] ~ F dAdekg|Al g Fit 89

EMA?®] community listt] SFeR(AeF) 1795 iAoz 3 A4 F g A g A

obeff & 290 Al st

A2 A 18 AF7F 1970 A%la, 2A7F 37, pilot study”t 17, 71 ¢
7F 1710 Atk kA S FEr] S8 EHE Y oF 4~247 HERE tegst

FoARE ATFFo7) 43702 7bd wekow IV 2 inhalation 5 ATFole Fol W
Mol 44d0] HuFlth FAAAHEE A% 7153k tablet, capsuleAl A7} Z+2F 104, 6
Aoz ¥}

B O high performance liquid chromatography (HPLC)7F 137 o0& 7b8 @Wotar,

high performance liquid chromatography-tandem mass spectrometryS AF&3F 72457}
6o =2 F WA= Wt

A= et HE HY 5% (Cmax, maximum concentration)’} 3571 0.2 7} Ho] H i1
HAeow, HY % =Y AlZF (Tmax, Time to reach maximum concentration)®] 277
o2 F AR wWol Hiuxa, F4stH A (AUC, area under curve)e] 207102 A ¥
A= Fo] Hilw At

A G A= F 3440 HuEgon A5 A8 A FE 2 metformin, ticlopidine,

midazolam, caffeine, diazapam & ©] %1t}

¥ 29 EMA, community listd] 7] k(A eh ] ddekelAlg A4 |3 g
EMA Z5%ElMNE &2

BTF0 (43), IV &
inhalation (471)
Tablet(1071), Capsule (671) &

14 (197), 24H(374), pilot
study(174), 291 7)

o & K== 4 ~24 4 FOoNd of
2380l ENSBUHYEY , 285,
HE OX|EdE & LtEtE
_ Cmax (3571), Tmax (2771),
HPLC (1371), LC-MS/MS (6  At=mtat0|

24U ’ AUC(207), T1/2(177), Kel(3

) o

Digoxin, Flubiprofen,
T - MSEES  metformin, ticlopidine,
o273 344 o . . .

= midazolam, caffeine, diazepam
=
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(2) gt =ekd W A Fdep(Bef) dolgulolx T BYA F=FH F2 aof

(gop) 2665 & DFOR F AT F WYY FEFH AT AP

= ok W 2ok
ATt

FoEde dALS 7% &2 FET FEE JHS A AEFT stUE FoAg
7 !

j=17¥e]
FE ig=

T_L,
N
=

% (cold compound)”} Z+2} 34%

o HuE T3> 10703

4% gy e A9 A &5 v AEE UEde= e gl Fdstd A (AUC,
area under curve)®] 63dCE 7P wWoka WA= AHAEE ATz YEeERd WY
(T1/2, half-life)7} 604 o2 F WHAZ Eotom A WAz wWol =43 delvEH+= F

) &% (Cmax, maximum concentration)® R il® F&-& 597 o] ]t}

A, 283 &4 £% A5 (Absorption constant, Ka)& H113F &l o] 27 o]t}

B Ad Ao 49 duldggAgor "l AdtES Hugk £3lo] 31, AT XA
S 8%t Edlo] 570U}
thAE AE Aol A9 CYP induction A1 &2 549|131, CYP inhibition A 8- 9710]]

on, 9o # HAPS sy fsl AFER matrixes AFHS F#@lE @ hepatocyte,

microsome 5°] 10422 714 Botom rat & matrix7} 1402 F HA= @k

ro
Mo
)

o] 31, ==

e gy A7 A9 WidAdR Ade Fdste] Hulds &<l

d
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Selgh wdo] 74, fr5 EHIE g2l 3ol 103l
nprleto 2 oFEAT G A 9 in vitro FoolAd F3I FAE= glder in
vivo F=ollA 3 dAFde 11doe=®, AT g 9FELS buspirone, methotrexate,
carbamazepine, indinavir % ©] %1t}
31 gig ek O A gheR(Aehe] HldA e FH A A3 A
REEEEE REERE
Ss=2YE
cmox Rat (8171), Mouse (171), Dog (371), Monkey (171), rabbit(3?),
AI-O%E_é_ . 7
pig(1{?)
FoZ= PO (6071), IV (31), TP(1 ), 2((1 )
7 7 ‘o
EojAE Extracts (3471), Cold compound (3471), radio-labeled compound
(27), 22z
A dHH HPLC(317), LC-MS (1071), FT-IR(17), 32| £H™(27)
al al el al al
Clearance (3871), vd (3171)
e =
e BA(1271),Papp(37d),Ka(27!)  EHHZATIAIH 3d
in vitroXM & Caco-2 (771), O 2| (47) ZTAZZAH 571
CHAF S
Atgl Feli(zod), rat In vitro
A2 Matrix e ) N o1
) A
CYP induction . Hi MG 2 feces(371), Urine(771),
Al > Al SEEH 17
CYP inhibition
N 9
AE
UASHTAHE
in vivo 117, AL &= buspirone, Mthotrexate, Carbamazepine, Indinavirs
in vitro ol
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(3) thgtml=rofd o A gHep(A ) dolguleo]s & A rd 2 aoF

Pl g e A 1 A 830 ARlaL, ol 9o At Harw mbrh gl ddef

YA E S Fds7] 8 RFE A9 oF 107728 o2 vt A Baiw it

s

BEoARE ATFA7} 7702 M wgon IV 2 inhalation 5 A 75919 Fo Wy
o] 3]

& AFFS 7153 capsuleA A7 247 2710w Bl

32

22 high performance liquid chromatography (HPLC)7F 37 © % high performance

liquid chromatography-tandem mass spectrometryS AF&3F 4-$-7} 3702 B %}

2= FErHe Aol v s = AIZRS YEdl= FEbuE] wHhr] (T1/2, half-life)
7V b ol RaEQa, B A5 e 5o o HAlE Wol HuE gevE e H
F% (Cmax, maximum concentration)®} =7/43}H 2 (AUC, area under curve)= Z}7b 471

o] 9.

AEAE AT F 23] HuEow oA U4 2FE-2 midazolam, metoprolol % ©]
Atk

BTFA (), IV &

Trial& 7 1S (82 TOEE inhalation (27)
|3 Kp 2 10~72 EolNE Capsule (271) S°| N
FXERLEHE (6,
SEXMEDLIEHE ALT, ASTZl 57t5H=
oldh & LIEHH.
HPLC (37), Cmax (47), Tmax (37),
2 LC-MS/MS (371), 19 AHEmeatole  AUCH4A), T1/2(57),
(24) Kela?d) &
AS AR o HZEE8AE  midazolam, metoprolol
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>

(2) gl e oh)tAas W A def(Ae), =525 R 2 Al dolEH o]

W gekAeh FEE 3 2 AlAl F 1302F S Ui
bl

T &2 obd ® 340 st

FTEARARY AF AHE FEFTE rate] 9o E T Bkow, F HAR Fo| ALE

Folede dA%S 4% Sz 23 FE2E FHIF BUoE JHF Bokom Aok

ARZE shE T3 49 (cold compound)”} 38702 F WA 2 Wo] W ETh

A o]l 9 tandem mass spectrometryS ©]-83F WH el LC-MS/MS H®H o] 704

o2 7% wWo] Hi Hglom HA 2 wWo] Huy FA HHE High performance

T H
liquid chromatography (HPLC)o|l oW H ¥ A4+ 2771 oSt}

ZA4% g Y A Ao =55 Ax=E el Fer e S48 A (AUC,
area under curve)°] 897 o % JFH Wy wiAEE ALEE AZtoz yehdl vy
(T1/2, half-life)7} 852 F WA= @wokow, Al A=z wol S sepve= F
J 5% (Cmax, maximum concentration)® X 1% F&-& 82703ttt 1 9o Tmax+

7173, 344 (Clearance)> 5171, ¥ 3284 (volume of distribution) 42710] H 3%}

=
T BE A AS in vitro A3 o2 A Caco-2 cell 238o] 134d0o] gt 3 &
T= Yeld+= gevgEH A o]&E (BA, bioavailability)g H a3k F&o] 124,

Papp (Apparent permeability) S H 23k f£-3lo] 1371, 18]l & &% A< (Absorption

constant, Ka)& H® 113k £& o] 370 o]t}

thAL #d Aol 9 CYP induction A€ 279|913, CYP inhibition Al &2 2371 09]

o, 9o 22 AFS 57l fd AFES matrixs AMES fF#ElE 3 hepatocyte,
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microsome 5°| 167422 714 Bgon rat ol matrixZF 17, L 919 matrixE AHE

St A7 47102 H A E QT

npxjuto g oFE AT g Ao AH9 in vitro FFolA FAI A= gl¥oer in
vivo FFollA Fdt A= 247dow A U oFE S buspirone, methotrexate,

carbamazepin, indinavir, pyrazinamide % ©] %l t}.

2

E 34 JAATRANGEADTAY W FA YD, FEF D 1 AA WY RS
T A A

KHP O35 S=5e o7 o8

Ol

Rat (9971), Mouse (871), Dog (871), Monkey (171), rabbit(371),

o >

=
JNE=R-HES
ceES pig(27), Horse (17)
solEz PO (91d), IV (307), IP(371),L2l(57)
= 0y 2 Extracts (4871), Cold compound (3871), radio-labeled compound
e (07), 19l(1371)
=AY HPLC(277), LC-MS (7071), GC-MS(47), FT-IR(0o?), 22| FH(57)

Cmax (8271), Tmax(7171), AUC (8971), T1/2 (8571), Kel (2371),

© Clearance (5171), Vd (427)
=T 23
TETI=] BA(1271),Papp(1371),Ka(371) THHZTIAIAH  4d
in vitro&¥ Caco-2 (1371) ZHEBEANE 16U
CHAF HY &
Atgh S2f(164), rat In vitro
AFE Matrix 5 TEE6E) . 4
wei(ad), 12(4) A
CYP induction - BiEHEZE  feces(117d), Urine(137),
NE > N SEEH| (o)
CYP inhibition
N 23
Al

FeUNE

o 241, A= buspirone, Mthotrexate, Carbamazepine, Indinavir,
in vivo

Lutein, Pyrazinamide (PZA), its metabolite [pyrazinoic acid (PA)]
in vitro
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o T AT T JdAFYAE L obgf & 35 sk

PGS Qg 14 AT 2570 AT, AT 49, FEREATI} 770 9
otk QiR AU e Sasy] 98 mhE A9e o 7805 oR theshl mas it

2
N
fr
s
fz
=l
i,
ta
i
o

ANA AFFAZ F 2000t FAAY S capsule FEN7F

12702 7bd @kl tablet, &&= FE7F 244 434, v B I 9] APl 3o

AuFH S high performance liquid chromatography (HPLC)7} 1372 7 ®gkon

HE

Y

high performance liquid chromatography-tandem mass spectrometryS AF-&3F 724 $7F 9

o2 Huygr}

2 e HeE Jd 29 25 e E F29EH <2 Cmax (maximum concentration)
7F 20102 7 Bol HuEHA, 7 HAZ Bo] Hyy meuHE F415H A (AUC,

area under curve)2.Z 19710]At}t. 1 ¢ Hd F% =2 A7 (Tmax)”7F 1371,
(Clearance)”’} 371 5o % H %t}

AFAE dAFE F 7ol Huddew AL A FES EF 4FOF phenytoin,
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£ 35 dEulERA @Dt AY U FA SR, 2E2E L 1 A QA
d AT A A
KHP AHofa[Ale g
1 (254), 284D,
Trial&&F MDAy, A2 FHE= d75Y (20%)
(1)

Tablet(471), Capsule (12
=P S 1 ~80 Y % AN == ), == (@), IH
s 12 Hd (3¢)
"-g—ELl E-| EI(57-|)
HIoL|EHEZ mlld heartburn 0| L}
Bt
Cmax (2071), Tmax (13

HPLC (137),
(132) ), AUC(1971), T1/2(13

H o HpE - ), 12| Ar=LO2H0|E
eE LC7MS/MS (920), | SHEE ), Clearance(37d), Vd(1
(470) o
NBES 47 ASEGorD Phenytoin, Midazolam,

Olanzapine, digoxin
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Fe(Bep)AA 37t A FETH As =Y

2.

2.1 FDA, EMA 5 AR ¢z (A ek A A 371 8738 XA}

(1) "=+, FDA®] ‘guidance for industry: botanical drug products’ FAF 23}

nj=2] 749 [Guidance for industry: botanical drug product]”} f

Aok Al

B\ =
T

B

a9 183 -t}
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AA L] ARGl Eel wheh A o] mgol AT - cosmetic

9] 7ol

o

v
7

ofy

el

=

counter) & {3l <

)
G

¢+
ol

Ho
Njo

F IND (Investigational new drug)=

5|
pul

NDA(New drug application) & &53}7] ¢

BHE =l wel v

SRR

ol el Abgtell M ] kA el

ot

w7} sl glojol
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cGMP (current good manufacturing
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ATTACHMENT A: REGULATORY APPROACHES FOR MARKFETING BOTANICAL
DRUG PRODUCTS

Consumed for
ifs Taste, ATOmMmE,
or mairitive vale

# Applied 1o body for
‘Cleansing, beaunfyving,
or altering appearance,

To dizgnose,
cure, mitgate, or
treat dizeaze

prevent
diseasze

Conventional
Food or
Dhietary
Supplement

Iz
the proposed
indication appropriate for
DODprescrpion
use?

Wes

Smucmre
funciion claims
comply with all
requitements of
2ITS5.C
343(n(6)?

Has it
been markerad
for a specific OTC
mdication for a material
ime and to a mater;

No

b

available evidence
of safery and effacivensss
warrant inclusion
in an OTC

Dietary
Supplement

sufficient evidence
of safery and effectivenes
and adequate CMC
information o

oTC Gowm |
moenograph Attachment B i
.l'

1% 18 Guidance for industry: botanical drug productel] FA|3sF= 3FoF(AY 2F) A A

o] &5 % 37} A8 flow chart
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« IND=

23 o} B}

Aok geiAA e

8 AEe v

A= UHe, IND7
% 363 2},

# 36 FDA, Guidance for industry:Botanical drug product W 3FF(AeF)#)|#|7} INDZ #F

Hs B Aol wE 2. AR 55

Basic information for INDs

Cover sheet
Table of contents

Investigator's Brochure
Protocols
Chemistry, Manufacturing, and Controls

S A S L o

Introductory statement and general investigational plan

Pharmacological and toxicological information
. Previous human experience with the product

INDs for clinical study (phase I, phase
II) without safety concern

INDs for clinical study (phase I, phase
II) with known safety concern

A. of

documentation of human use

Description product and
1. Description of botanical used
2. History of Use

3. Current investigational use
B. Chemistry, Manufacturing, and Controls

Botanical raw material
Botanical Drug substance
Botanical Drug product
Animal safety test
Placebo

G W N

6. Labeling

7. Envionmental assessment or claim of
categorical exclusion

C. Pharmacology/Toxicology information

1. All marketed botanical products

2. foreign—-marketed botanical products

D. Bioavailability
E. Clinical considerations

A. of

documentation of human use

Description product and
1. Description of botanical used
2. History of Use

3. Current investigational use
B. Chemistry, Manufacturing, and Controls

Botanical raw material
Botanical Drug substance
Botanical Drug product
Placebo

Labeling

Gk W o

6. Environmental assessment or claim of

categorical exclusion
C. Nonclinical safety assessment

1. traditional preparations

2. Others

3. Products with Known safety issues
D. Bioavailability

E. Clinical considerations

INDs for clinical study (phase 3)

A. Description of product and documentation
B. Chemistry, manufacturing, and controls

of human experience
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1. Expanded clinical studies

2. End-of-phase 3 clinical studies and Pre-NDA considerations
C. Nonclinical safety assessment

Repeat-dose general toxicity studies

Nonclinical pharmacokinetic/toxicokinetic studies
Reproductive toxicology

Genotoxicity studies

Carcinogenicity studies

Special pharmacology/toxicology studies

NSO W

Regulatory considerations
D. Bioavailability and clinical pharmacology
E. Clinical considerations
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(2) 9, EMAY ‘Directive 2004/24/EC’ ZA} A3}

EMA<®} #2 749 2001/83/EC of the european parliament and of the council of 6
November 2001 on the community code relating to medicinal products for human use

ol Al Abgtell Al Abg-sks o ofEel sl7F a3l theko] AbAlE] W AletaL 9l

At T FeF(AhHFES w2 Ei skl M=ol w3 Aol Directive 2004/24/ECe]
M el ™A o]F2 ‘DIRECTIVE 2004/24/EC OF THE EUROPEAN PARLIAMENT
AND OF THE COUNCIL of 31 March 2004 - amending, as regards traditional herbal
medicinal products, Directive 2001/83/EC on the Community code relating to medicinal

products for human use’ ©|t}.

Directive 2001/83/ECE= % 9709 module® ©]F1 A Qo™ ZF module 47} B YA S
AtaAlE #Hd UEol™ module 57F 4AAE AR AlE #H dlEeolH o]E i# 37 ¥
3 38 A st
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Non-clinical report (module 4)

1. Table of contents
2. Study reports
2.1 Pharmacology
2.1.1. Primary pharmaco-dynamics
2.1.2. Secondary pharmaco-dynamics
2.1.3. Safety pharmacology

2.1.4. Pharmaco-dynamic interactions

3. Pharmaco-kinetics

3.1 Analytical methods and validation reports
3.2 Absorption

3.3 Distribution

3.4 Metabolism

3.5 Excretion

3.6 Pharmaco-kinetic interactions (non-clinical)

3.7 Other pharmaco-kinetic studies

4. Tocixology
4.1 Single-dose toxicity
4.2 Repeat-dose toxicity
4.3 Genotoxicity

4.3.1 In vitro
432 In

toxico-kinetics evaluations)

vivo  (including  supportive

(continued)

(continued)

4.4 Carcinogenicity
4.4.1 Long-term studies
4.4.2 Short or medium-term studies
4.4.3 Other studies
4.5 Reproductive and developmental toxicity
4.5.1  Fertility and early embryonic
development
4.5.2 Embryo-fetal development
4.5.3 Prenatal and postnatal development
4.5.4. Studies in which the offspring (juveile
animals) are dosed and/or further evaluated

4.6 Local tolerance

5. Other toxicity studies
5.1 Antigenicity

5.2 Immuno-toxicity
5.3 Mechanistic studies
5.4 Dependence

5.5 Metabolites

5.6 Impurities

5.7 Other

6. Literature references
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Clinical-report (module 5)

1. Table of contents for clinical study reprots
2. Tabular listing of all clinical studies
3. Clinical study reports

3.1. Reports of Bio-pharmaceutical studies
3.1.1 Bio-availability study reports
3.1.2 Comparative bio-availability and bio-equivalence study reprots
3.1.3 in vitro - in vivo correlation study report
3.1.4 reports of bio-analytical and analytical methods
3.2 reports of studies pertinent to pharmaco-kinetics using human bio-materials
3.2.1 plasma protein binding study reports
3.2.2 reports of hepatic metabolism and interaction studies
3.2.3 reports of studies using other human bio-materials
3.3 Reports of human pharmaco-kinetic studies
3.3.1 Healthy subjects pharmaco-kinetic and initial tolerability study reports
3.3.2 Patient pharmaco-kinetics and initial tolerability study reports
3.3.3 Intrinsic factor pharmaco-kinetics study reports
3.3.4 Extrinsic factor pharmaco-kinetics study reports
3.3.5 Population pharmaco-kinetics study reports
3.4 Reports of human pharmaco-dynamic studies
3.4.1 Healthy subject pharmaco-dynamic and pharmaco-kinetics/pharmaco-dynamic study
reports
3.4.2 Patient pharmaco-dynamic and pharmaco-kinetics/pharmaco-dynamic studies study reports
3.5 Reports of Efficacy and Safety studies
3.5.1 Study reports of controlled clinical studies pertinent to the claimed indication
3.5.2 Study reports of uncontrolled clinical studies
3.5.3 Reports of analyses of data from more than one study including any formal intergrated
analyses, meta-analyses and bridging analyses
3.5.4 Other study reports

3.6 Reports of post-marketing experience
4. Literature references
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EMAGIA Aok AlAS BRsts Bae 18 193 2k Aok Aol g BHe] Ay

= =
ek, A=, gstd H-ol= T Ak AAE herbal medicinal product® W73l

Lo

ol
2

=
Ql A}-g-o] 9% S W traditional herbal medicinal product® -+ ST},

Master Flowchart of Natural Products Registration in EU
(Human Medicine Only )

Y 19§39 TN A FBS $E3] A% 4%
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9o} & flowchartZ %3 herbal medicinel® ¥HF¥ 749ol, Directive 2001/83/ECel
s #An) 3717 7Fe e A9 ‘medicinal products for human use’ 534S 7 & ofsit},
] 77 Yl Ao a) A5 ANl Jae] Huk glojlk AFEE & Qe

7H b) 54 &3¢k 52 wed oz AEE F ATk o AT, 28/F AAIA, D

AEA AFE 7]17Fo] 30/15 o] A We=A], e) AEA A& tigk dlolg 7l TEIAE
B B & AR7)FE B2ed A9 ‘simplified Traditional herbal medicinal products’ & 5
= 73t ol AT A ALE (FaAd)el dis Am, b sk AR, Fd st
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2.2 FDA, EMACIA 37td k(B9 37t A5 A}

(1) FDACIA 37} w& k(g op) A A, Veregen® 3|7} A5 A} 23}

e Veregens FDAAA Hzx=z s7F e ddAdEo] ol stef(AehH A A2, Camellia
SinensisE 7|9 o2 3t ¥ AEo] JozRE AAH & FEFEEZ @ ofEo|g B oo

3

=2 556%  o]de] Epigallocatechin gallate, Epicatechin, Epigallocatechin, Epicatechin
gallate 59 frEAEo] XF= o] Jom 184 ol WHAH4 FaE9 &4 Atvk4] A=
of Ab&E &= w4 AarAelt

Veregen"

HE BE

I

N 0>

% : Veregen® / Polyphenon E
2|A} . MediGene AG

. Camellia Sinensis
x|

o T o

: Sinecatechins

o H ®Dd =
N

13 miet
oo ox

=
==
=
o

: Genital Warts

()

H|

14 A=SE *tE

o yora| a2
The pharmacokinetics of topically applied Veregen has not been sufficiently characterized at this
time. However, plasma catechins (EGCg, ECg, EGC, and EC) concentration-time profiles were

observed after EGCG and Polyphenon E administration for each dose level. Pharmacokinetics and

safety of green tea polyphenols after multiple-dose administration of epigallocatechingallate(EGCG)
and polyphenon E inhealthy individuals.
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(2) FDACIA 3|7} & k(A ep)AA|, Fulyzaqel &17F AR A A3}

Fulyzaq FDACIA 37} w2 F WA k(A eh)A Al olt), ofmbE 7 FolA] A28t
Dragon’s blood#}= 21 & (7] 94: Croton lecheri)ol Al 553 FX S FE3lo] ookxzor

gk Aot}

ﬂ{

Z1

S 1A (2014 Hlo] 9 o] oFE
AATAE, 20140 E2 2 AL AL Agshd ofy ;e 2k

AN

2

B oobE 22w AE A

fz

FFRARIA, Fko] 2.7

=¢c|&{(Fulyzaq ) 7HE 1+
- 1989'FA0| O|=Ql Lisa Contex= Y=ot HALS BIXRSH CHst AHE ZHZ Alswe
qeors JiEstkE o FHot, 1980drf L0 Contex AZ2F of
£4o=Z Shaman PharmaceuticalsAtES AEEHS. 2 gd@ ZO 26000 AlSZE
clo|E22|E AL S5 FDA YA 7HAIE ®lsH 2
BIZ WISt 2 2E] FERS 20} crofelemer (Fulyzaq) ZHZHOf i34
LEHHQl FMAL X 2A|Z2M Y2t 7|ES=(end point)S SZ5HA| i%-
- 1990YC{ Z7}X| Shaman Pharmaceuticals 24 AAIE HA HE2o=z A
crofelemer 2CHA| Al@E FZSIUL. CIZHERRAIZEE 2008t C*H% Ezp gto}
QUAMAIEE 0Of2l. 199214 20| Shaman Pharmaceuticals crofelemer
FHIE QI A2 RYE ol 1993 Z Shaman PharmaES J7f, FAZIHAPO)E
Sot0] 4,2000t G FEAS UAon, 128 L 22} SIHZ 240 H2HE o FANYO} 34

AlRS AlE.

2

N
_|>- 0x
=

oo

mjo
ol

= EUZ2 BA H38SS "gd" ZA0M "2E" ZA=2
O| | LRGIOLt 1999 20| 27|= oH| Z2H= crofelemer”}
ZZ512| 25t A4S 20iFUD, UL} crofelemerZ Cf LIOIRI BAE

ofi

- Conte= crofelemerg HALE HAEZAIFOZ Hats HHIO 4| Ho{i=0| X S0
Al BIE8E YLD 2 AA 57| WEo 245t A|ZtSZ crofelemerS £ A[5H0]
TONSLOLt AIZOIAS] YOl A5tn 42l0] Lob A AIZOIA H4E

- ConteE= Af 22 MS1 Napo Pharmaceuticals2l= 3JJAIS 2M2I510] 2
crofelemer’ & &2 22 0|I5F U2t =2 4385, = HIV 2 AIDS #d 4
225 HZOZ Mot OFZILY HIV/AIDS & MAb 2ZA2M THOf S7t5 2,
HBuiol2 Dlajo] B Of 2 AlZQl IBS XR7HA| ),

- Contes HAEZIZ}, FAIZIH(IPO,$24M), =HIO|S| Glenmark Pharmaceuticals2}2|
2lo|MA  HEHE Esf D20 WMoz £ 8,5003F U2 E2} €2, Glenmark
Pharmaceuticals= 2f0| 14071 7H==0i|M SQI=H A2t RSS2 FE. 2008H0,

Napo Pharmaceuticalse 702t SO0iH|2|7t HYSHE lof Salix PharmaceuticalsOf| |
OtReto|MAS &t

0!
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e 95t e FAL AH oA ALE Fulyzaq® MUY FEEH 2 o dobeAEe
sto] ARHow AAolgFEo| 1% ol ARE wgow A AmAz 37}
S 99 AAF FREE A7 Anke oy wol LEhpich.

+

12
o

o

Fulyzaq®
HNE 4
1. 4EYH : Fulyzaq®
2. 7HE 3| At : Salix Pharmaceutical, Inc.
3. 7| : Croton lechleri
4. 2’4 =3 : catechin, gallocatechin and their epimer
5. 88% : YL ERHOIHA K| 2E &= HIV/AID BHARS| AL

HIY FESEN xR

2 & S
1. 54 ratO A 1% E0 MyolgeS HY, QED ZA X
2. 2% : MAIZOf UX| S
3. CHAF : gut microflora?t proanthocyanidin®| 23t 2t#H0| JyS AO|2tD O F
4. HiE : HAIEOf UK AZ
5. YSMNTEE : gutOA] CYP450 isoenzyme 3A % transporters MRP22} OATP1A22| inhibition
teds E4.
6. =4 : dose-dependent inhibition of hERG but <2% because of bioavailability. 7H0{|A{ Pt ZHF
FOAl 8 o/EH [EES7 A0 HOf 8 F0 Al MFT daTHES £
L eere| Xtz
1. A=SE
1 S5 : =9 dHo8s2 ¥ A 2ol

o= D= 2H2R2EHO| HO[H ZAHSHH
proanthocyanidin®| polymerizationO| ¢8| S+ HolistC}
(2) 2% : Ads XX X AN AZo HA F
Aoz o5g.
(3) CHAF : CHARMl= BEEIX] 23.
(4) B : BHEZE2E= Z-EX] %8
(5) H=EE : ARVRS| &z ZEE LHA. 37tX|2| ARV(nelfinavir, lamivudine, zidovudine)%
lamivudineTt0| EE& Al 20%2| =& HAE EQ. J2L BEFEHQ Ay 8 A8 =4 oM =
ALHoZ ROISHA| @IS A= 0 F.

k-1
~
(=}

a.
EE e 220 o= &2 ZMY

oo

y 282
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(3) EMA°IA 5|7} &2 gef( o)A A, Sativexe] &7} Atm AP A3}

ol

Sativexi= Cannabis Sativa L.& 7|92 E2 sl A sts xte 72 Ae 94
AREE = oFEo|ty. GWpharmo| k= $JAF= Cannabis Sative®] + 7}A] A& Cannabidiol
(CBD)®} Delta-9 tetrahydrocannabinol (THC)o| F&-3le] 7S Al ZFeEl 2w 19994 9]
T 2094709 AFAIFES HAFATLE o] F 2003 Hgoz FoelA FlFILE F 53

ouf olF W, EF, FF, obLes} obAlol A SR HE FFAAT

A Sativext= S A sS 3] A AAES 9olo] sprayAlAl =R AFEE A Qo A

Ak ke #E U8 o xel el sk

o

¢

Sativex®
AF AR

1. A% Sativex® Oromucosal Spray
2. /W3] AL GWPharm
3. 7191: Cannabis sativa L.
4. &4 &4 : Delta-9-tetrahydrocannabinol and Cannabidiol
5. AS% ¢ A Asts A T UE gEERLE ANA v AE S dHRoEAM Hia
H

H A FEFH =5
B v ARE e o ENE AT a2y FAo] HE GEFHAT R 54 ATE
RS =
1. & 37hekA =
2. wX FNEA X
3. tiAk EANEHA] s
4. v FAEHA e
5. FEAT2E: Sativexi= CYP450 isoforms JAE 4= A= sHol w5 A4l
T SHENkg v ARl AT g/l

PgereAz

4 Q1 cannabinoids®] &4, X, AL w3
O = sativex®] FEFH TR E4S
(D) == @ g AFHL ATAAY] EF 5
EP A RE AT AA = WS Aol ES B
(2) #3E : cannabinoids”7} A|&A4 EZo]7|dd ¥t elimination half-lifedl A A A& H<l.
(3) A}
(4) ¥ 3 Ao A Az =Foll FHAANE HolA FAS

(5) °FE/ =48 CYP3A4E A= 522 vl 3l
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2.3 TR AA 87 A FEEH AR =YS AT =LA A4

(1) gef(ehAAl s17F Al Bl F=gd A1 25 d3Hb)

2]
2kl (2012)'E 7IRbo = &pqlow, 1 oo ghep(Aep)AlAl HIGAIE Thol =kl (A 2FA
2014), Guidance for Industry M3(R2) Nonclinical Safety Studies for the Conduct of
Human Clinical Trials and Marketing Authorization for Pharmaceuticals (FDA, 2010) &
o] =& rtol=gpels Far vt EI 2 Aol s k(o) nddtEE
g dss st 2 skslh

Aol A AAskE v FEEH AY B dxe =9 WA, =9 54, k(A%
AA o] of=-sEl A, (B eh)AAY A, R AAl B FEEE A U
of whstel AAlsta glom, gef(AHek)e] HdY FEEH HIFE 9% AR Wyl

dAl ek A A E o] Ut HIYY FEEEH AP xF da AEs ofddl =5kl
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3.
1.

3 Fhol =gl
ojefFe] IHAE TR FEIVIE AT HAGAE Trel=ekdl. Ao oFE A,
2012.

FHeR( o)A Al WG Thol=edl. 435 o) ok AL 2014

Guidance for Industry M3(R2) Nonclinical Safety Studies for the Conduct of Human
Clinical Trials and Marketing Authorization for Pharmaceuticals. U.S. Department of
Health and Human Services Food and Drug Administration Center for Drug
Evaluation and Research. 2010.

ICH Topic S3B Pharmacokinetics: Repeated Dose Tissue Distribution Studies.
European Medicines Agency. 1995.

Guidance 23: Nonclinical Studies. Australian Government Department of health,
Therapeutic Goods Administration. 2014.

Part II: Nonclinical Document, The Asean Common Technical Dossier (ACTD) for

the registration of Pharmaceuticals for human use.
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ACYP Ga5e EF@Lh B fEEe QoA o] fx wgo] fme] Astst rEalnct A
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}4 07 % .
(1) A A g2 AF (HAMH Z=2H9 44)

(D-1 2A% 5%

7t FhlE DAE AR BE , I3stE A AL 4 FF
of thalo] Alxe]l 23k A A3 A ,

= oAxg mat Z7re) okzel AAHE Aeh B
AdE 243 Paa gl 5 o

FE Js 8ol #IHE PhRMA position paper (Bjornsson TD et al., 2003)o w2 Table 1l
A R BZE Aol sidsts CYP, HICYP A8t 3148 golsh=t Abgd & gl

Table 1. oF=¢] A4Fsta AA f WMo o= HAHS gelsty] 913 Wy

In Vitro System Condition Tests
) CYP, FMO versus other
Microsomes +/- NADPH .
oxidase
) ) ) broad specificty CYP
Microsomes, hepatocytes +/- 1-aminobenzotriazole .
inactivator
Microsomes 45C pretreatment inactivities FMO
S-9 +/- pargyline broad MAO inactivator
S-9, cystol +/- menadione, allopurinol Mo-CO (oxidase) inhibitors

(2) FEE AN IIE CYP 48 337 & ugtd a4+

Wkl Aol A 9] in vivod HlolEl 7} CYP &4 7F 29 AAC 25%7F WA 7ot Ans
YEI W, in vitro’dol Al SFES dIAA 7= CYP 845 891s7] 9d AF7F F3dHojof sty o]
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Table 2. In vitro A= 13 3}8H4 A4
Inhibitor"” Ki Inhibitor" Ki
CYp
Preferred (UM) Acceptable (uM)
1A2 furafyline® 0.6-0.73 a-napthoflavone 0.01
" tranylcypromine 0.02-0.2 pilocarpine, 4
methoxsalen® 0.01-0.2 trytamine 1.7
3-isopropenyl-3-methyl diamantine 2.2
2-isopropenyl-2-methyl adamantine,® 53
sertraline, 3.20
2B6 phencyclidine, 10
triethylenethiophosphoramide (thiotepa), 4.8
clopidrogel, 0.5
ticlopidine 0.2
trimethoprim, 32
montelukast gemfibrozil, 69-75
2C8 . 1.1 o
quescetin rosiglitazone, 5.6
pioglitazone 1.7
flucanozole, 7
2C9 sulfaphenazole 0.3 fluvoxamine, 6.4-19
fluoxetine 18-41
ticlopidine, 1.2
2C19
nootkatone 0.5
2D6 quinidine 0.027-0.4
diethyldithiocarbamate, 9.8-34
2E1 clomethiazole, 12
diallydisulfide 150
azamulin ®
Ketoconazole 0.0037-0.18 .
3A4/5 . troleadomycin 17
itraconazole 0.27,2.3 .
verapamil 10,24
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FEFEAGY FH, 714 W Br} AW spol =el(eh
in vitro, in vivo, I4A Y FEHEAE HAE AT AP A G

(1) 9A Ago] AF8=+= 712 CYP1A2, phenacetin—o-deethylation, theophylline-N-demethylation; CYP2AS6,
coumarin—7-hydroxylation; CYP2B6, 7-pentoxyresorufin—-O-depentylation, bupropionhydroxylation,
7-ethoxy—4-(trifluoromethyl)-coumarin O-deethylation, S—mephenytoin-N-demethylation; Bupropion-hydroxylation;
CYP2CS, taxol 6-alpha-hydroxylation; CYP2C9, tolbutamide 4-methylhydroxylation, S-warfarin-7-hydroxylation, phenytion
4-hydroxylation; 2CYP2C19, (S)-mephenytoin 4-hydroxylation CYP2D6, dextranmethorphan O-demethylation,
desbrisoquinehyddroxylase; CYP2E1, chlorzoxazone 6-hydroxylation, aniline 4-hydroxylase; CYP3A4/5,

testosterone-6BB-hydroxylation, midazolam-1-hydroxylation; cyclosporine hydroxylase; nifedipine dehydrogenation.
(2) Furafylline?} methoxsalen< "7]U g Hlolz@ JA|AlelaL, 71dS H74st7] dell A wjgs ofof g},
(3) At " ZopERFEutolaRES RS cDNA
(4) CYP2B6ES ¥3tslE wEFZntolgize 7Hdd 25 AEXZHEH vy = 2 ¥ supersomes,
(5) IC50 %

6) 5AT Az

1S

125 oA
(7) Eoll AAE Aol AP opmw AAHE 228 olar] 98] ol HaE xS A
http://www.fda.gov/cder/drug/drugInteractions/default.htm

(2)-3 FES YAAIFIE CYP 249 2 93 AZXF 549 AL

AzxF CYP &4E 1259 dde Fde A3 ¥, 5 Jdedoz dddn. B4
a2 (NADPH-CYP reductase, cytochrome b5) T+ o X & AL g9 nfolazsy =
T ATk AxF CYP E4E o]&s Ao trAdAd S AMg 1F vlolam & Ao &4 FFd o
af AFAom FAHstE oY 7HA HERel BAuEHAT o] V=S AAA] tARA FANA 7
a2l Ao FoAds AAsed Egol 2 F Aok Y in vitro AFE ZF wloj A E oA ¢
Agt P4 S F vkgskA X 5 o

(2)-4 FES YAIAI]= CYP £4 8 9387 s 54 A9 A&

AAG FAS gA = A4 A4S :
ofof Frh. &7 dite] CYP &a7b o2 9] tiAabel doldthd, 80%7F H A= Ad = A

|

“
of vhol A 2% SrlA olFolAE Ao dlgHth wep Aol Pmsh stom, RRAL oA} of
B9 diAtel ThE CYPEe] el @ A3eA mi A7 ket B%2 e AAA AR ol

ot

ol A W2 7iEe diAtAle] A Sk Z4 CYP Atele] AadAlE dysty] fsiA SA4

o,

i

X

[o
e
fo

fru
ot
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FEFEAGY FH, 714 W Br} AW spol =el(eh
in vitro, in vivo, I4A Y FEHEAE HAE AT AP A G

t}. In vitro A4 CYP As e H7}

528 A e

= "1% ]' - % = =
g g2 F Ak ga® WA AAY At W Fold ofE
=
S
3

2 1AL Adstsd F kA 33 J1Fel A Jde O A9H (99 7 vholAazg =
= A= PAS0S] Shibe] el oaM F= diAbHE)clolor Ba @ W )
2, #4490 dATE 918)% Ak Bk Ed Bew 2 B A4 AgA 7E
WAL G HOE ol g7k ok b ®Ae]l Mpsi, MEd, visors

A o] ojof F}.

Table 39 9+ A3 HE (preferred) 71 AELS o AAE 7159 PHEES WA ZIt). dols
d 4 A+ (acceptable) 71842 9 719 2 7HAE WA 7|32, HEH ALglof] oA olEo] XA

= Aow Az,

Table 3. In vitro Ad& 93 AZH 1 PolEox= 38t 7] dx

cvp Substrate Km Substrate Km
Preferred M) Acceptable (LM)
-7-ethoxyresorufin-O-deethylation 0.18-0.21
. . -theophylline-N-demethylation 280-1230
1A2 ‘phenacetin-O-deethylation 1.7-152 } )
-caffeine-3-N-demethylation 220-1565
‘tacrine 1-hydroxylation 2.8,16
A6 -coumarin-7-hydroxylation 0.30-2.3
‘nicotine C-oxidation 13-162
Y -efavirenz hydroxylase 17-23 -propofol hydroxylation 3.7-94
-bupropion-hydroxylation 67-168 -S-mephenytoin-N-demethylation 1910
. -amodiaquine N-deethylation 2.4
2C8 -‘Taxol 6-hydroxylation 5.4-19 o )
‘rosiglitazone para-hydroxylation 4.3-7.7
-tolbutamide 67-838 ) )
) -flurbiprofen 4'-hydroxylation 6-42
509 methyl-hydroxylation
-S-warfarin 7-hydroxylation 1.5-4.5 ) )
] ] ‘phenytoin-4-hydroxylation 11.5-117
-diclofenac 4'-hydroxylation 3.4-52
-S-mephenytoin -omeprazole 5-hydroxylation 17-26
2C19 P y’ 13-35 P ) Y y”
4'-hydroxylation -fluoxetine O-dealkylatiion 3.7-104
-(£)bufuralol
] 9-15
1'- hydroxylation i ) .
2D6 -debrisoquine 4-hydroxylation 5.6
-dextromethorphan
. 0.44-8.5
O-demethylation
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fEdEage T, 71 B 7 71y kel =Ekel(jh)
in vitro, in vivo, YdAIE FEHSAE FUME AT G A 2F

-p-nitrophenol 3-hydroxylation 33
-chlorzoxazone . . .
2E1 ) 39-157 -lauric acid 11-hydroxylation 130
6-hydroxylation » )
-aniline 4-hydroxylation 6.3-24
) ) -erythromycin N-demthylation 33-88
‘midazolam 1-hydroxylation 1-14
-dextromethorphan 133-710
N-demethylation
3A4/5%* . .
‘triazolam 4-hydroxylation 234
‘testosterone 6[3- ) )
) -terfenadine C-hydroxylation 15
hydroxyation 52-94 o .
-nifedipine oxdation 5.1-47

* 3ol AAE o] A¥= ofynZ AAE 5SS FRlsy] fld ol HaE Fxd A

http://www.fda.gov/cder/drug/drugInteractions/default.htm

% in vitro’d CYP3A A a2l H7IE Qe FxH o2 CYP3A4/KSS &3 gl 7149 ARgo] FHHT whd ¢FEo] in
vitro el A Aojx sl CYP3A 718 <& A&, in vivod H7Fs B3

(2) In vitro % CYP A& d7+E& A A< 1

O IC50 < ZAAs7] gk dFAA AP AL 571 FE8tchH, A4l IC505 A & Al <
Kiel o dxstAl #7171 A, Km o]t sk % stettl, Ki 240 o
oA, 7143} A&fA 5
Ela=

>
)
i
Lo
=
o2
o «
!

o)
an)
t
4
N
<
B
a5}
>4
S
=
8
e
)
)
o2
o
o
N
¥
30,
N
=)
M
-
=5
HN
oty
)
ME

©® A3} G

® 32 S AE=A Atolo] BATE AAdolojok Frt

@ ow WA 2H2 FE (£1% (v/v), <0.1%°] ©l Az ) A& = ojoF gt &uf 2 7}
AE AAE AddAY FEgrh Ade s SASAY SAsA &S Ak

g4 QA= de)e] AHE2 dEF et

(3) NMEZ} 7194 AsAAA 24

ojeAow, e ah A= &Y FHdd EA= AdAle Fr=rF Kiok vt AY xaed
W dojdrt, o] Zol A, FEAE (R, AUCOIA 8 W3l (fold-change)® % d)e] AL+ thaof 2
o7 A" £ gtk R = I+HIVKL [IIE £49 &4 590 =59 AaiAY Holx, Kix A
3 Zdaroltt.

qe dZar] sl AsEANgE, 449 (19 Kiel A

olf

I/Ki vl Ae] 2 A5 z8e 7
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b

H7F 57t

o o

-

ke
il

Al
et

1
HEF© 2 in vivo

<
pod

ff oF

‘?4

13

7 71% 7hol

=

=

=

2t

]

I

3

=

=

¥, 714

HEE
Likely
Possible
Remote

Prediction

=
[¢)
=
=

ok
oF

ol
pol AGHHE F Fol F F o

2}

A

A
= F449 [I/Ki ¥l

R
3

]

A
[e)
=

)

=y
=
3t

r
in vitro, in vivo,

=

o

th theel

& AAAA 2A

E

O
in vitro

fu

[IJ/Ki
[1)/Ki>1

Fel A o] T4 227 AFHEC (Table 4).
1>[1]/Ki>0.1

0.1>[1J/Ki
&) A

o

]

Ry

&

(4) NME 7] Ad <A

Table 4. 444 CYP A

A7k olEH A

Zhel] A7) el A 9]
3L, in Vivo

—_

o

"
N
o

H
Ho

)

"

N

dr

AslAlel 3083ke] Aujeel A

k]
pad

1o}

o]
t}. In vitrod CYP #%=¢ H7}

=

Ao g o]FoZt} in vitro A AlZE

A

of Ot AA HEE

o]

7
Nlo
S
X

~
B

=4

o

(1) ¥4 dzFo=2A 3%

e
i

hzdozA wol

KeN
.

Fold

stAl S 71).

o

7}

=

Inducer

A &g o] 2wl

=N

Inducer"-
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In vitro
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T, 7137 2 Hrr 719 Thol=2kl(eh
in vitro, in vivo, YFAIE FEF TS FILE s AJH AA EF

Concentr Concentrat
ations Induction Acceptable ions Induction
M) M)
omeprazole 25-100 14-24
1A2 | B-naphthoflavone(2) | 33-50 4-23 lansoprazole 10 10
3-methylcholanthrene | 1.2 6-26
2A6 | dexamethasone 50 9.4 pyrazole 1000 7.7
2B6 | phenobarbital 500-1000 | 5-10 phenytoin 50 5-10
2C8 rifampin 10 2-4 phenobaribital 500 2-3
2C9 | rifampin 10 3.7 phenobarbital 100 2.6
2C19 | rifampin 10 20

2D6 none identified
2E1 none identified

phenobarbital(3) 100-2000 | 3-31

phenytoin 50 12.5
) ) rifapentine 50 9.3
3A4 | rifampin(3) 10-50 4-31 )
troglitazone 10-75 7
taxol 4 5.2

dexamethasone(4) | 33-250 2.9-6.9

w wel AAE Aol AN ojUnE AANE HEE GAe] 6 ofd 328 FET A

http://www.fda.gov/cder/drug/drugInteractions/default.htm

(1) otle] ASE Alstar, thSo Alg7]do] Ah&3lity: CYP1A2, 7-ethoxyresorufin; CYP2A6, coumarin; CYP2CY,
tolbutamide, CYP2C19, S—-mephenytoin; CYP3A4, testosterone.

(2) CYP1A2 : phenacetin
(3) CYP3A4 : midazolam

(4) CYP3A4 : nifedipine

(2) In vitro} % 939 dxt

o

—

o] Ao, &9 = 7teAS AT &
YA diz=a % oFE (Table 5), W7l Al A 2] gk(vehicle-treated) TFME (
3 A E wjge B4 FHS AW
HjFsk = 9= ALHFEH IAEE o o
Ely

3 ERld A CYP3A4¢t CYPIA2E F %
A

g

=

DO ANE 8 v AMEEHE A Q3 EF oFE ko uiES Fojof It} Hit oA T
s FERT 2 TX HAG stUE E3EA, HA4d A5 Wed AAH 3 TE7F AgEofof g
th vy o]l#ld ARE dS £ v, HA 278l F ol Ao w7t A Holop gkt

@ TTAE AYE 2 3¢9 3 F 10 WE F4 AL FH3 CYP EF FAF & (Table 3 #
)5 AgEAA A2-E 5 Adrt AAEIEAES v By nfolmgdo] k& o3 FEE &
2 WEE By g AFgE = ), ey AAESEARE A o] s desta 7H A F
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SFEAEAgel F7, 714 W H7k AW sl =l
W RYTAE WAE S AW A T

O S HET9 40% o] e FU3 WIS W= 5L in vitro, in vivo AolA BEEHE
2 al

- e

@ ek FRAe e BALY B vt flsl AgEE &% 449 ECS0 (AT fE9)
509%7h Qolih BE&AQ FE)Re Agas Aol
3

A A% WA A9 Slew U fE AT 4

® CYP &2 5)
shobd, A8 k=S CYP2CS, CYP2CY, CYP2C199] f %=

(e}

T ==

°FE-o] CYP3A4¢ %2417} olygta &
Ak ofyebal AEAS

g}. P-glycoprotein (P-gp, MDR1)9] 712 9 A3A Ad#AY H7}

3]

(1) ¢FEeo] P-gpy 712AA g a/Ee A{HAAA A3e ©H AL&EH=
in vitro 2§

% 7} (bi-directional transport assay)i P-gp 4 =
FFS WPOR AAAEH, e Wl HlE F=EES O AHA R A5 wiEolt

“,
-
1o,
N
X,
N
ol
2
4z
il
e
N
.
il
ol
ol
rir
N
)

gpel 714& glatA] Eerh v E SHYd FF G ol P-gpel VEEA =S FRES 2
= ES gelste d Adsteets, P-gp7t ol gk k=] w T glo] Fag o] ofy7]
ol e ¢ E whek Ao }‘43} b Al EZ 3 (transcelluar) H 7P Ho] P-gpel 71 4
A Al E ek HAMAo] WP om ARG Eoof g}
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e AL T, 71 2 HI 7Y Thel=ekl(]h)
in vitro, in vivo, YA FEAT AL HILE 93 A A ET
ek FE5 IHES P-gpd AA 2Ela(Ee) AAAZANY SFES sl AEHE Y
A Brpelth o] AW onl &l P-gpel 71d B AAE oE It
(2)-1 in vitro P-gp ZA} 7129 A3zZgE 71&
D P-gp #EAN AL A A
@ REAAN & 5 2 FH=E 714 (2-30 X 10° cm/sec)
® 7140l FUF AE BA e A (AuA)
@ FAHow Tzt A5 A (dEA)
® AA W 714 Aol x o] &H F dojof & (HeF)
Table 6. 7]l 7Hd ¥+ P-gp 7149 &7
b Conc. Used Ratio*
e (M) Caco-2 MDR1-MDCK** | MDRI- LLCPK**
Digoxin 0.01-10 4-14 4 4
Loperamide 1-10 2-5 34
Quinidine 0.05 3 5
Vinblastine® 0.004-10 2-18 >9° 3
Talinolol 30 26
Foll AIANE Aol ARE ofymg QA HZS Felsr] 9l ol Has Fxd A
http://www.fda.gov/cder/drug/drugInteractions/default.htm
* Papp, B-A/Papp, A-BPapp = apparent permeability
#x MDR1I-MDCK % MDRI-LLCPK #A&& Zbzheo] ofAd AlE (wild-type cells)oll Al &2z w] & 3t 7 d A3
A #EE ARl Bl o)t
a vinblastine® 3+ RZA A o7 Caco-2 Al¥E, Zglal ofA3d MDCKA ¥, LL-CPK1 Al¥dA 23 ¥ = MRP29 7]4 o]
=3
b dlolE= &3 P-gp AsAN GF1209182] #A Ale} &4 Al BllA AZS &F (net B to A flux)2] B & 23 H
dojxl ot
o] 4 7}1's 3 P-gp 71 @<L Table 69 e Aolnt s == =t} P-gp 714 AAAZHA o}
2 Edo Aee A3t #atA gl 723 o] Fo] Ao 3 Ao|t},

(2)-2 in vitro P-gp AdfAY AZH= 7=

@® P-g e 4 A

@ ¥ Ki =2 IC50 atollA P-gpE Asl & A (<. IC50 < 10 uM)
@ MEWAA Fg dALE oA &S A (dE9H)

@ FAH oz Fujrt s A (AEH)

© A Ul P-gp AAZAE ALE 7HsE A (HEH)
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b= T, 71 2 W7F 71 Thol=ekel(}b
in vitro, in vivo, HAH FEFEZE FUHE A AH AA £F
ES AIHE 2 giFEe Pgp VHEL B8 2 AAH AsAeltt. FHEA AT

AdgE AR Tl & wj= multiple inhibitorE 22+ Ao] =t}

gp
Aol Aee Aga ot gEgel 71xa o Fol Aok & Aol

Table 7. in vitro P-gp A &} A

A

A d B vk olyz MRP2, OATP-C9 AsjA|lo]™, quinidine®} verapamil> th3h f7
o] & FEA e AdfAoltt AafAle] Holdo] BF37] widl, in vitrodl A EAEE EE &

3] o

53 43 P-gp AdiAlZ Ha® oFEE9 o7} Table 7o Ud=o o} &
F H7tE F8 el IC50 =& Ki ghel mWAlEo] Qth ol AsfjAlES A8 %
oL FHA| Alold FHEHE ulFo|tt Hd=E, cyclosporine A P-gpe ¥

[e]

IC50(uM) Ki (uM)
Inhibitor Caco-2* Caco-2* MDCK-MDRI* | -CPK
MDRI1**
Cyclosporine A? 1.3 0.5 2.2 1.3
Ketoconazole® 1.2 5.3
LY335979 0.024
Nelfinavir® 1.4
Quinidine® 2.2 3.2 8.6
Ritonavir® 3.8
Saquinavir” 6.5
Tacrolimus 0.74
Valspodar (PSC833) 0.11
Verapamil 2.1 8 15 23
Elacridar (GF120918)
(GG 918) 0.4 0.4
(GGI18)
Reserpine 1.4 11.5

7] 98] ole daE Hxd A

o

ol AAE o] AFE ofHER A" 5SS g
http://www.fda.gov/cder/drug/drugInteractions/default.htm
* P-gp 7] A 24 2] Digoxin

*x P-gp 7|2 &M 2] Vinblastine

a T3 CYP3A A3iA

b =3 CYP2D6 # 3l A

15502 345 @ ALE FARS] AT 24 WY

—~
\V)]
\./
w
N

S FEAF AlEHE AEE HF=EA 89 (tight junction)e] &
ME FES FAsoF o). dA A3 FE = A EAE Caco-2, ™
¥ MDCK-MDRI1 %olt}, o3 LLC-PK1¥ MDCK AlX+= 94 dxTo=

Jo B3 7]5Ao

LLC-PK1-MDRI,
A5,

Qe AL Table 7o YR Aoy HHN vk Pgp AdA A4A2A
o},

=

ks

-
=
ez ]
=
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SFENDT
in vitro, in vivo, YJAFA

°F 05-5 X 10° cells/cm® Lo

i A FRE =S

L
L

@ Caco-2 A >

membrane ZE o]

’D‘

°F 0.05-5 X 10°

3 AL &

@ LLC-PK1, LLC-PK1-MDR1, MDCK, =#x MDCK-MDRI1
cells/em® AE9] »E & o] FEE polycarabonate microporous membrane ZE ol

FH =S g (REHo R 3-59 £8).

MEE=

@ A3 ¥ M X9 transepithelial electrical resistance (TEER)= z+z¢

yloF st} (BE 100-800 Qcem?).

Al

of A9 A

o WE=A gho}

IJ_.J

=

A BGF AERA AGE £ Aok (A

@ [*C] mannitol?} %€ paracellular markers %717

ol e <02-2 X 10° ecm/sec).
(2)-4 P-gp 712 AL 3 U Ag A

)

, A]

9 A

196

L

M P-gp 7]# 9 fxz+s

polycarbonate Z ¥ ¢} side-side diffusion chambersZ A}-& 3|

i %

O AT FEe BEe

o)
=

%3

A 7FskA

basolateral

H7 P-gp 7148 = HAAE
L}, monolayer®] apical (apicalel 4] basolateral = 2]
(basolateral®ll 4] apical= 2] %, B/A) & stk H7letH A Al ztg

T
o
[e]
[e]

@ ANzmE 37C oA =Y
compartment=Z -8 Ao}zl FHo

Al 7ER

g

A

s}
=

[e)

R

| 47y 2 d HAae 3W o) FEE ook

5]
=

sl 3] =

Ao dge g 2 oH 54 I A8l 71de] 3E5s SAsoF gk

(2)-5 Cell monolayerg E#3tE 9FE 9 apparent permeability e A4t

R

R

=8|

ATE 3] A-E5 = Monolayer cell& A= =249 apparent permeability= ©Fz <] 2

Papp = (Vr/C0)(1/S)(dC/dt)

L

R

donor

Papp apparent permeability©] ™, Vr& receiver chamber Hl*#]2]
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e AL T, 71 2 HI 7Y Thel=ekl(]h)
in vitro, in vivo, YAl FEF T A8 J37}8 s Al AA E3
chambero]l 4] A& &9 F% S+ monolayere] RH ©], dC/dtiE receptor chamber® 4E&F %

A0 7] 7)ol

rlo

Monolayerg &3 &2 4&3 Papp o FAHE # At wE 24 FeE wojof o

(dC/dt7} SX=o]th).

BasolateralZol| A apicalZ2. 29 %3 apicalZol A basolateral& . 22 %9 E&H] (RE)=

ofef ] Aol whe - T
RE = Pg/a/Pas

Poa 2 Pas = 244 A3 529 cellular monolayer®] basalZolA apical &2 29| apparent

permeability, apicalZ-ol A4 basal &2 % ¢] apparent permeability S “HEFATH

(2-6 P-gp A AL Ad FHF AP AA

AEFE, P-gp 712 A3, 4 P-gp AdAIE A & 5, AIE F=o] P-gpel AsfAILA
H7tet7] 9@l polycarbonate ZH ¢t side-side diffusion chambersE AF&3] tha3 o] 34 g,

@ Caco-2 AEE AT 45, 2d2 ANAAZ wix]E monolayer®] =
[e)

o
h [¢}
AAA, MAE kR e FieA FAY (HEAR) AT vEe AY

@ 4wE 5 AFE 98 LLC-PK1-MDR1 & MDCK-MDRI, ¢k43& LLC-PK1 MDCK Al
22 A8 A% &4 dxie] WEA TgHolol g

@ AEZE 37ColA 05-1A7F vk 3 apical® %% basolateralZ2] A& #| A% & A3 &
Lo Aefd P-gp 71d AMNAE diA gkt (Table 7 33).

@ 1-3A17F%<¢F viok3t 3 receiver sideol Al A|EE zFH Y, P-gp 712 #AAAY 2 o 5
ATt

® e Age 44 g g HA 3 o] ook s, Z} A, Z+ Ak H A 371A
ol4e] HEE AlEsloor st}

(2)-7 P-gpA A ZA Az A& IC509] A4t
Al g ko] IC507E2 hill equationS o] &3] zt&e] v AE 37 B4 & P},
(REi/REa) = 1 - [(Imax*I°)/I°+IC50)]

(Re/Re) = AslAe] w=7F AT wje} (D dx2aozi AsiAs 284 &S we] P-gp 7]
A Aol BZ nlolt} Imax: Hu A &3, (¢)= hill plot Aotk IC50= Al A3 &}
o Ante] e wjo] AA (A FFE)] FEo|T

(3) N¥ k&l P-gpsl 71AUA, AA U FEAE AT/ BAWA Loy
7] &

ol

P-gpe] 7[H =M Al@efEel @3 ARE Hrhetr] dol|l A AHEd Ax AAE FEA=A

oJH7} F sttt o] HIb= A 71E (YA HET)Y net flux ratios 1L# 3 FHo|t), HiopEo] A

é
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FEFEAGY FH, 714 W Br} AW spol =el(eh
A A
(e}

O [e} 1l

in vitro, in vivo, YA FEATAE HIME 93 AlF A x3
T A= MEAANA A 714 9] net flux ratio= Rud g fASHA sbEET (H A%
2 ©]49] net flux ratio’} FHE). A1 2] P-gp ] S o8 O kAL Hol=
ME AAANME (. net flux ratio <2) FAF 2F&Eo] P-gpe 71&Q1 A Lolf7]e] EZE 3t}

o

BE- directional transport assay in Caco-2
or MDR1 - overexpressed polarized epithelial cell lines (a)

Net flux ratio® 2 2 | Net Flux ratio®-<2 |

Is efflux significantly inhibited by 1 or more potent P-gp inhibitors? (b) | | Poor or non P-gp Substrats |

G=) 5]

Likely a P-gp substrate | | Other efflux transporters are responsible tor the efflux transport observed
Anin vivo dimg interaction study with a P-gp Furthier in vitro studies to determine which efflux transporters
inhibitor may be warrantesd. ate involvedmay be warranted
Fig 1. Aldef=o] P-gpe| 7| dIA], P-gp AsAl =4 &}ell in vitro F= 2§ A57F 2
- - -1 -
837 $EskE Ao oigh g5

x*Caco-2 cellolAl net flux ratiol= (Permeability .pp a/Permeability apap)@ A3, 3@ MDRIGA &

(Permeability appp-a/Permeability appa-s)vpri 2 (Permeability .ppn-a/Permeability appa-pwid-ype2] Bl Z - 3FTE,

@ 94 149 flux radoZh BRG] $A% {4 W G HgoR YT AP net flux ratiorh 2 o1
A e FAA Azolh Fol: of £k G ARHAL Fopxl FHAL ARk U wol HEW FE ek B
3} e %

% FAE o)&dt= Aol (digoxindt 2 HA 7]del tigh AR FtA A net flux).

o 2

(b) flux ratio”t @AHAl A& (>50%)38tA Y 1744 7

(4) AN FE°] P-gp AMAIA, A W F32E& 77 22FA Loty
= 7€

P-gpe] ANAZN AFF2o] B AzES Hriety] ol Ay AHEE ME 417417} T A=
A Rt Feath o Wrhe 24 7149 net flux ratiof 1 g AL A AN A
A 7149 net flux ratio= E@l Haw gtk fARSHAl AE Ed (Hx
ratio”} FHE ). AHEE A = P-g
o= 9-374e LA B Aol E%QO%O]E ot P-gp A4
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FEAT G TH, 71 2 HUE 71y hol =2k1(eh
in vitro, in vivo, YAl 24528 HILE 95 Alg AA g

Bi- directional transport assay with a probe P-gp substrate i
Caco-2 or MDR1 —over expressed polatized epithelial cell lines

Net flux ratio of a probe subsirate decreases with Net flux ratio of the probe substrate 1s not affected with
increased concentrations of the investigational drug | | inereased concentrations of the investigational dmg

Datermine Ki or 1C 30 Poor or non- inhibitor
[1]/1C30 (or Kit0.1 [L1/IC36 (or Kit0.1
Aninvive drug interaction study witha Anin vivo diug interaction study with
P-gp substrate such as digoxin is recormnended. P-gp subsirate is not needed.

Fig 2. Algd ko] P-gpe] AAIQ1A], P-gp 71 &EA stel in vitro F&2tg A7 &4
Q3% BEH3E= o] o3t g5

x* Caco—2 celldl4 net flux ratio (Permeability pp-a/Permeability .pap)@ AMFET, 33 E MDRI1OA &
(Permeability app5-a/Permeability appa-s)vor ¥ (Permeability appp-a/Permeability apa-plwid-wpe® W12 T-3HCk [11 g AlRE
H 9N & F M =2 @ A A AL EHAAY F FE (FF A Cmax#s 9w gt

(5) P-gp A =AEZN A FE9 B7}

2 F% 7bestt €H A P-gpFEAl 2 F rifampin, Stjohn's wort 5°] At} CYP

=4 =
whsh 2o, P-gp FEAE Frhd g FE 482 2tk webd Pgp §E Bk BE Y

Q.

[}

3. In vivo oA GFEUA @ SFEANTZE AT

FE/NEE UL G AFE AT AHE F F dE AHRE AFSAY A e dis &
3] AWsls & J& %7] in vitro 2 in vivo AFEAE ol g ™ol 2o R AT A
o]: [e] S

1 in vivo 972 o] A = A F = =
Z7] A AT FAY ARELS I te dAATe BeAds uiA Al ¢ Al 2] o
P [e)

ToA = eFEo] HjAd F2 diAl(o] A Fole 7IEA] dAbE R FRle] Hadhd os)] 124
2 AAHEA Y ARE ZAFEoF st FEIEe] V|G AN A E A A in vitro probes ¥z 7|

44 3
in vivo ATEZ A% AP A, FRHE 4§ W4 sHsAol ATk wit.

(1) In vitro |+
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717 537 71 7hel =2kel(]h)

oo W&
delg]ojol ). ol gk 7]
lovastatin, CYP1A2¢e] W3t t
o] 9tk 5 CYP &42 ¢

e G T,
in vitro, in vivo, YIAE FEAdTAE HUHE AT AE AA =F
Folol o3 ekEdlo] FAEA WA o FF= eFEolofof (S wig WIgHs 7] o]
CYP3A®°] th3t midazolam, buspirone, felodipine, simvastatin
) . e =

o T
Aol &
theophylline, CYP2C99 t]3t warfarin, CYP2D6°| th3} desipramine

AAA L GEA= Table 8914 HojF1 ¢t}

Table 8. In vivo A7 (A7 Fo]olA ALFHE= EXH CYP 429 71E, AdA], =4
9/] Oﬂ(l),(Z)
CYpP Substrate Inhibitor Inducer
) ) . smokers versus
1A2 theophylline, caffeine fluvoxamine @)
non-smokers
2B6 efavirenz rifampin
2C8 repaglinide, rosiglitazone gemfibrozil rifampin
fluconaozole,
. . amiodarone . )
2C9 warfarin, tolbutamide rifampin
(use of PM versus
EM subjects)®
omeprazole,
fluvoxamine,
omeprazole, esoprazole, . . .
2C19 moclobemide rifampin
lansoprazole, pantoprazole
(use of PM versus
EM subjects)®
paroxetine,
desipramine, quinidine,
2D6 dextromethorphan, fluoxetine none identified
atomoxetine (use of PM versus
EM subjects)?
2E1 chlorzoxazone disulfiram ethanol
atazanavir,
clarithromycin,
indinavir,
midazolam, buspirone, itraconazole,
felodipine, lovastatin, ketoconazole, rifampin,
3A4/3A5 . . . :
eletriotan, sildenafil, nefazodone, carbamazepine
simvastatin, triazolam nelfinavir,
ritonavir,
saquinavir,
telithromycin
(1) o] Tl AAE 54 CYP &49 71dE AsAe ¥4 T2 u), 873 AUC X7} 2v] =& 1 o) F7tHE 7]
A5 CYP3AY Z9-ole &% AUC FX7F bl T 1 ol T7hEE 712, AAlE AsiAls CYP 249 7189 83
AUC A& 28] T 1 ol S/ 7l AsiAYL. CYP3A AsAl] A= 7|49 AUC X% 58 =& 1 ol 7
AANE AdAY. AXNE FEAE CYP 549 7149 83 AUC 35 30% & 1 o) #arde =AY
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F 55 Fef(ope f=sH B F=dEAE £ A A3 F

U9 °F&+> Echinacea purpureat $H7 -8 A ¢Fa7} 4% o glomz Foldtofof it}
2w 71 4 A Midazol GBS AA7IE &40 CYP3AS B4& fFEFgo=zn | 1, 8,
R | idazolam
Ao} ) 2o AUC %2, AR 2&(CD) 37F 9
TFE
FES thAAI 7] E E A4Sl CYP2C9S 84S fedtoaxn
. - . == ! = = ]
Echinacea purpurea N -&- 31 A 2] A Warfarin B 2 o ) T ! 1
FEo Hrs F7}
9] °FE-2 Echinacea purpurea® &7 H-8 A EZ&o] A3 = oz Folsto]of gir}
RS Acetaminophen RS hAA] 7] = glutathioneS ZFHAAIAA 7HE=A =7} 2
22 k&2 Allii Bulbus? $H7] 58 Al 2Fg7 AT 4 lonma Fojstofof g,
okﬂjﬂr 7:181—;'5],% P- 94 k1 S e 0_1;_}\]-719_;41 or X 9] AUC
- . . = = = =
HIV X &A Saquinavir B = ‘gp = ° B " B 1
2 HY €F F5(Cmax) T4
vl= &9 ¢FE2 Allii Bulbus® &7 58 A g7t $718 4 oz Fosofof s
Allii Bulbus ES YAA = &49 CYP2ELS] A S Aslstowx
F AT o] A Chlorzoxazone K N 1 1 1
6-hydroxychloroxazone/chlorzoxazone®] H|& %7}
& ol 2 31 2] 2] A| Warfarin g o digk AU FgoR gk Hrg §ga 2 9
& F7akA| Chlorpropamide 7 a2 A%k AEG Hkg-
t59 oF= 2 Ginkgo folium¥} 37 H-8& Al 77l AT ¢ lomm Fofstofof gt}
SFE-2 tiAMA 7= 249 CYP2C19, CYP3A4 &4 &
- == B4 y = =
o 5 ol 23l A LA Omeprazole B o o L ° 1,7
=3 FEdoRM FEe] dF vk A
Ginkgo folium
, =S AN 71 E &4 CYP3A49 A4S FE3ozH
Midazolam - N = 6
2w 2 A4 A °oFE o] AUC % A €% 5% (Cmax) i
Alprazolam 2 FEY HE Fo A AUC #H4a 7




Phenobarbital GBS HAAZIE CYP2BY 84S fr=dto=zs AUC ¥
(Phentobarbital) A ¥dF FE(Cmax) Ta
AR EA - : i
oFES AN 7= &4 CYP2C199 48 f&, B3t
Phenytoin 23 sfE EHo] GABA F=E& Y FoEXN HE fE=
1% Ag Al A
5 - . .. SFES IAIA] 7| E &40 o] FHLS &xdo TN
EIARS B Nicardipine oFES AR =S OCYP_ISA%-i §= T 24
—lﬁv/] };—‘L]' g= s

&9 &2 Ginkgo folium¥ @74 B4 A okart F71e F glermw Fojstojol g

=
b3}l Agehs Pgpel B AdAPORA oFEol dF

ot
&} 5] ~ B A Fexofenadine vz}
O - o
ok& o] hypodopaminergic activityoll ¢J& A E free
s A Al A L% Haloperidol radical& AAToZH g a3 7t FAZ F A&
Ginkgo folium g4l &4 o
Trazodone 2 5y ¥HE Fo A A (sedation) #18 57}
Aspiri }
SRR "o FguAgel B/NE BAR A 229 99 27
Ibuprofen
Nitedin k=S hAA 71 E EAQCYP3A4 Az A4 o=
ifedipine e = =
8 017} 51 4 dal dFs=E Tkl wE ok AE FAE St
" FES GAAYIE 549 CYPIAS ASFOwH ool
Diltiazem FES TIALA Y] A q3h )
& o} 8- 31 %] 2] A Warfarin d&aztgo] Hoh/Ads aag 3 239 98 Ut
k23l A= P-gpol A AsAl Do ZH k& AUC
Bogul 2 2 A Talinolol TR EE AR T ) N K

SR
ELME

Hydrastis canadensis H o of A A Cyclosporin
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Midazolam

829 CYP3A4/52 A& Asstozn

3% 5 %=(Cmax) =7}

k&S Piper methysticum¥} 3

debrisoquine

29 CYP2D69] &S Aslsho =
9 HY d%F F%=(Cmax) S7F

7t

Piper methysticum

A BE& A kavt St ¢ ez Fofstolof g
Chl k=S hAMA]Z]E &4 CYP2E1S A4S Assto 2
orzoxazone
6-hydroxychloroxazone/chlorzoxazone® H|& 74
Al GABA 864
A2 7 8-A Alprazolam e

=< Piper methysticum®}

Jol A SFE 3} A7FRrg o % ol%k

Levodopa

S BgA bt

weapnl 243

1‘
it
ofo
o
fru
(]
o,
o]
e

b A&

Silybum adans

LR

Silybum adans

£ Silybum adans¥} $HA B8 Al g}

Metronidazole

FES A= 249 CYP3A4 9 oF= 3} A%

mo('
Q‘L
e

P-gp €4& fFEste] dE9 AUC ¥ HY 5
T %= (Cmax), WH271(Tip) Ha

Indinavir

&< Silybum adans®}

= &49l CYP3A4e &4 &
b2 A B

:[o

w3tozH

Losartan

G gloms Folstelof gl
A CY

Talinolol

P2C92] & & Ao =N
k& o] AUC 57}
3 Agshe pepl BA4E Asjslel ool AUC ¥
HAdl €5 F

% (Cmax) =7}

Pyrazinamide

A Ao 9%t pyrazinamide 8% Fx= =7}
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£ 31(St. John's Wort)

Hypericum perforatum L.

Z] A A A Q&
Al A 74 A Alprazolam bz ol AUC % W7](Ty) 24
FES hAA 7= T4 CYP3A4 ¥ =23 ZAgss=
1w o o] 4| 4] Cyclosporin P-gp &4 & st &9 AUC 2 AW 5
F%(Cmax) &4
S04 Brvih , oFE-S UIAMA )= & 49l CYP3A49 A4S FEgtoz
% rythromycin
: viromy ohz ol fiAk $7}
R A 2 A Finasteride kRS [JAIA] 7] E F A9 CYP3A4S] FAHL Swdto =i
Qb A Imatinib FE9o AUC ¥ HY EF FZ(Cmax), WH71(T10) A4
21 A 74 8- A Amitriptyline
HIV A 54 Indinavir oS [AIA]F]= 20l CYP3A4e] AL $x3tozy
Z WA A Midazolam k5ol AUC #H 4
ERIpAR | Nifedipine
G2 S AN 7= T4 CYP3A4e] &4 2 ofE
5 3-8 A Atorvastatin ﬁ_g_ ) ] e o~ e
At P-gp 84S FEgdo=zH dE9 g9 A
0 o . SFES YAA T = &4 CYP2B69 A4S g ozs
352 A Bupropion ot ol AUC 704
FES AMA 7= 249 CYP2ElS A4S fFugomx
FAL o)A Chlorzoxazone FEE A= < e= 1
6-hydroxychloroxazone/chlorzoxazone2| H|-& <7}
oFE 3 Adste P-gpe €4S fFEste] =9 AUC %
A A Digoxin . B
HY d% %X (Cmax) #2
Al Irinotecan
22 A A Quazepam RS ThAMA]F]E EAQ CYP3A49 XS FEdoaH
AUC ¥ HY 8% #%(Cmax) +a
A 2 2A Verapamil
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ZH R A A Zolpidem
14 A2 FES YAAITIE E49 CYP2CI09 848 FEgdozH
A A=A Mephenytoin .
= pRety 4‘~hydroxymephenytoin®] x®jXd =7}
FES YAMAI = E49 CYP3A4 ¥ oFE3} ZA3ste=
i HZ A Methadone o] B0 O gl W oL o e
7% 3H(St. John's Wort) P-gpe 4 & FEFTORA =9 dF & do
Hypericum perforatum L. HIV =] &4 Nevirapine obmo YAIAT] G0l CYP3A4Y BAS §wd 6w
- = T a- = = A g —
=l A 584 Simvastatin rmo] HE w7
= =6 o a
4 2 =2 A Carbamazepine B h
FES YAAITI= &4 CYP3A4, CYP2C199] A4S
23 A A 8- A Omeprazole 0_1': 9 . ) = ° s
fFEgozy & AUC ¥ HY %5 T%(Cmax) a2
FE3 A% Pgpel BHE FEWOEA G AUC
R A= | Talinolol B = ;/\
o _ & dAAIZIE A9l CYP3A4 2 oFE 3 Aftsh=
—uZﬂXﬂ Tacrolimus P*gp9] %I—/g-‘% %E@P_E’ﬁ g]k%o AUC Z:]'ﬁ\—
ol o oFE I AMAI 7= E49¢ CYP3A49 A4S FLEstoasy
ol o .
5 ol -2 31 %] A] A Warfarin ormol Wag 27}
. b} A E B4Q) CYP2C9] BAE fFEFo A
o oS- 31 A X A Phenprocoumon o1 )
FE ¥ T A
) FEI AAI T E S49 CYPIA2Y] A4S Frstozy
71 3= &AA| Theophylline obmo] H= e o1 °
== 26 o - TS
oFE 9 tAlEAE FLEFo=EN AUC A 4
20 7 A Voriconazole AN ~a(Cl) =7
LR A E o
GES HAATIE ol @& FEgo=H I
I RS- ThAFA] 7] CYPSAilj 9 {94
A 3
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_ o2 3} Ags= P-gpo AHS A
5] 2~ BRI A Fexofenadine K =0 8P o=
desh T7F 2 AMdH A
A A7) Loperamide = oFEY W8 Fo] Al FA44 4 WY (delirium) o]
59 k=2 St John's wortd A H-& Al FZLo] HATL ¢ lon g Fojstojof
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Nefazodone
Paroxetine
) . serotonin uptake¥} Aol A k& 3} Qo
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NZEd S5 F
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2=
o] 7] -0 )‘\:—'107 oF& ol A3} * S =7}A
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oFEo dF FT& 7
oo ¢F=& Piper nigrum¥ 7 5§ Al FErt S 5 JormE Folstofof gir)
FES YAAI = S49 CYPIA29 Ao 2 A
A A8 A Propranolol K . N
Fx AUC % A ¥%F & %(Cmax)
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a8 A cefotaxim microsome WALE AE A& slo] <F
THAAGA midazolam CYP3A4A 3] 8Fo] kEo] =
t}g-o] k&S Camellia Sinensis® 37 & A &7} 718 4 glonm }ol ok ok
523 FEE
OFLL O AL A = §49 o Z I I=
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o ol -3 31 A A A Warfarin i ! . see
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A= Felodipine OFES YAMA I E & AQ CYP3A42 A4S AsstozH
[e)
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Ayl t} & 9] k2O Paeoniae radix¥ 7 E& A gl U1 ¢ 9gomg FoJdtojof ),
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=} A X
i A - T8 ARAT AF] o) 23E ANFOLA FE o
Psyllium A& A Lithium H2Ew 7ha
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parsley Doxorubicine FES UAAIZIE 240 CYPY &4 S7t
o}-2] thEo] &2 asafetida®t $7 58 A oF&7F S F glonw Folstojop gt
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&9 °F= & Sophora flavescens®t o7 =8 A Fa7F AT F oz Folstofof gt}
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Aurantii Fructus Immaturus ™ o o A #| ‘ Tacrolimus ‘ tacrolimus?] A A o] L& HA ‘ 19
th59] k& &Taraxaci Herba®t 374 H-& Al Fa7p 7HAas = glom=a Fofsfofof g}
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