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Abstract

We evaluated the potential of major components of Phellodendri cortex to inhibit

the activities of CYP2D6 and p-glycoprotein. The abilities of berberine, palmatine, limonin, and
rutaecarpine to inhibit CYP2D6-mediated dextromethorphan O-demethylation and calcein AM ac-
cumulation were tested using human liver microsomes and L-MDRI1 cell, respectively. Berberine
strongly inhibited CYP2D6 isoform activity, whereas limonin and reuaecarpine did not. The ICs
value of berberine was reduced after preincubation with microsomes in the presence of NADPH
generating system, suggesting that berberine is a mechanism based inhibitor. In addition, all chem-
icals tested, didn't show inhibitory effect on p-glycoprotein activity. These results suggest that
berberine has potential to inhibit CYP2D6 activity in vitro. Therefore, in vivo studies investigating
the interactions between berberine and CYP2D6 substrates are necessary to determine whether
inhibition of CYP2D6 activity by berberine is clinically relevant.
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Fig. 1. Chemical structures of berberine (A), palmatine (B),
limonin (C), and rutaecarpine (D).
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Berberine, palmatine, limonin, rutaecarpine, phenace-
tine, levallorphan, dextromethorphan, dextrorphan, glu-
cose 6-phosphate, NADP, glucose-6-phosphate de-
hydrogenase, calcein AM, cyclosporine A, para-amino-
hippuric acid 2 triton-X-100 = Sigma-Aldrich (St.
Louis, MO, USA)ol A 4333 T Pooled human liv-
er microsomes (H161)< BD Gentest (Woburn, MA)®l|
A FYgste] AHESEATE Z1EF £ Aol o] 85 Al
oF2 BT Ao ol & JHed AES Tk
Abgstth. Aol ARERE L-MDRI A ZF+=
Schinkel B}A} (Netherland Cancer Institute, Amsterdam,
Netherlands) 2 F-E &gt

CYP2D6 &4 A3l H7}

CYP2D6 E4= Ao s AT+ dextro-
methorphan O-demethylation ol 2|3 A4 == dex-
trorphan®] A =5 ZATFOEHA Hristdth
[8]. &, dextromethorphan (5 pM) TH& =& dextro-
methorphan®} $H7] SAA = FAe] =8 T4 35
(2 - 200 uM)Z 0] 0.25 mg/mle] Q1A vfo] 2=
%8 sk AE100 mM A4E N (pH 7.4)°l
Al 37°Col A 5 &XF vl ket ©] ¥ NADPH A48
A (3.3 mM glucose-6-phosphate, 1.3 mM NADP,
3.3 mM MgCl, 2 1.0 unit/ml glucose-6-phosphate de-
hydrogenase)S 712 HE-g& A|Z}35Hal, 30
B 9 Hkg & 7 beE Eofl 1 WEESE
EZ4 2 A levallorphan (30 ng/ml)= X33}al Q&= of
NEUEZH S F7kste vbe-S AAA A 35=
2] mechanism-based A3l 71 7 AN = 7]
A& ¥7] Aol AAA 9} vlo] 2245, NADPH A4
AAE A 37°Coll A 30 &1 RESA|
HA7¥eted 3023 71 miFstAdth v AA S, 9
A 714 5 3 LA 29 (20,000xg) 7 F %
NS A LCMSMS Alz=wlo] F=iataitt.
Dextrorphan % WF3EFEZ Q] levallorphans
3}7] 913 PhenomenexAH2] Gemini C18 A ¥ (50 x
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2.0 mm, 5 tm)S AFE-3FH 3L, o] 542 water : aceto-
nitrile (60 : 40, v/v)°ll 0.1%2] formic acidE % 7}l
AREBEATE o] W o] 5o 452 0.2 mU/min &
FASRoH, AE A 7FEA7] (API300 LC/MS/MS
system, Applied Biosystems, Foster City, CA)E ©]-&
st HAEstAth G- FEAA] o] 248 2E elec-
trospray "R (positive mode)S AH8-3} 1L, o] &3}
A]kE 5 kv, 813t 2= 400°C, 2892 gl
g A 4780 vV H 400 VE 23 Th FAv)
2 5ELE£TY BBV AE 1.04 Vmin, HAEVIAE
1.44 Umin @ RZ7}2~E 40 UminS 2 24391,
FEII2 (AA) 8L 33 x 107 torr AT 4
49 FFE 93t MRM (multiple reaction mon-
itoring) AHFREE o] &3} 31, dextrorphan ¥ le-
vallorphan®] A&l A&F 0 2= 242}y m/z 258>157 2
284>1572 AFL3t9Th HlolE EAS A=
Analyst software (version 1.2)& AF&3}A T

P-glycoprotein &4 A3l #H7}

L-MDR1 A%+ 96well plate©l] 1.0x10°/mlo.2 &
3+ DMEM (Dulbecco's modified eagle's medium,
Thermo Fisher Scientific Inc., Logan, Utah) B} X| & 3
7Vste] vl st Rt 2441 7F vl F 3ol berberine (2.5
2 25 pM)F} caleein AM (0.5 tM)S 2} wellol] =] 2] &}
Atk 24417 3 triton-X-1002- 2 1A 7HESF lysisAl
Z1 ¥, multilabel plate reader (Victro3, Perkin Elmer
Life and Analytical Sciences, Boston, MA)E- ©]-&3}<]
calcein®] 33 (o713 485 nm, W=3+4 535 nm)
ZAstA . T3 7] p-glycoprotein T &
A A7 LA A= cyclosporin A (10 uM)
9 para-aminohippuric acid (1 mM)<= Z}2Z} positive 2
negative control2 AR83te] B AF A9 AP S

AA st

ox flo

=

o

2% A5 A2 2 Y7

CYP2D6 F& o] Eo|gk 714 =<l dextro-
methorphan©. 2 F-E| thA}A| Q) dextrorphan A /3 ol
gk A s A1) CYP2D6 &4 Aol th 73 +(1Cs)
= 95 B4 =2 7321 WinNonlin (Version 2.0,
Pharsight, Apex)= ©]-83to] IS H A5 34
EAHES o] 83t =3t

I
CYP2D6 &4 oAls =4

guo] =8 FA4 313E<Q! berberine, palmatine,
rutaecarpine % limonin®] CYP2D6 &8 4 A3 &4
S H7HsE A3 200 uM B =9 A berberine} pal-
matine= 4= A3 &4 > 70%)= YEMA L
1}, limonine¥} rutaecarpine CYP2D6 &4 A&l &
HE 7HA AL YA e Ao E YET (Fig. 2). =
gt berberine?t palmatine> FE o|EZHOE
CYP2D6 Z4E& Adlst= Aoz Velstth (Fig. 3).
Berberine2] CYP2D6 Ul 7] dextromethorphan O-deme-
thylation 4 A8l %58 (ICs = 17.5 uM) o] o] 1
31¥ CYP2D6 [l bufuralol 1'-hydroxylation A 3ls
Z (ICsy = 45 uM) frAFSEATE [2]. 3, CYP2D6
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Fig. 2. Inhibitory effects of major components of Phelledendri
cortex on CYP2D6-catalyzed dextromethorphan O-demethy-
lation.
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Fig. 3. Concentration-dependent inhibition of CYP2D6-cata-
lyzed dextromethorphan O-demethylation by berberine (A)
and palmatine (B) (without pre-incubation (QO), with pre-in-
cubation (@).
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g4 Aslsol gk ALHdul < (pre-incubation) &3}
£ ZASE A3, palmatine?} 2E]  berberine
NADPH A3 Aleke] A wfi kol o]s) CYP2D6
2L ovl BE O A3tA Adlste A & T AU
AT} (Table 1).

Berberine (Fig. 1) 33} 7ZW ol methylenediox-
yphenyl 152 7}A 2L 9lom, YWk O & methyl-
enedioxyphenyl 15< 7}A 1 Y= FFES CYP
TaA FA g AlsS VA= AR B
31 At [1,7]. Chatterjee®} Franklin®] 1 2 3}o]
23}, berberine mlo]| A E &) o8] thARE L
o] JAAIZ} CYPSL FHAES st A=
= o] ot [2]. WEFA berberine®] CYP2D6 &4 A
S &3 S A] berberine®] 7FA 1L )+ methylenediox-
yphenyl 1ol 7118 Ao =2 7| &t A ber-
berine} T2 02 F AL, methylenedioxy 155
K 7}1]"’ A %= palmatine®] 73 -$-, berberine®ll
Hl8] W CYP2D6 A3 TS (ICs = 111.6 11M)
urEm]b Z O &2 Hol, CYP2D6 &2 A3l 9l
o] methylenedioxyphenyl 15 ©°] Z 2314 #g-e
& ATk 719 AT Z I berberine®] in viro
ol4 =3 CYP2D6 &4 Asles 7ML DS
ou|gitt. a2} o]9] Y2 FoAE HEEI
Aeix = dJAFEE B3 in virrool A UERG
CYP2D6 A&l E35 HAABE dart & ZAolth

P-glycoprotein &4 A5 &4
FaA o kA Ag wd T B4
SFErETE o] el
g9 75l g Fae

'3 p-gpZt HEHEE *ﬂ*?"ﬂ L-MDR1 A]

£ o] &3l AT [14]. P-gpe] ASA=

]

Astel 14 ol

p-glycoprotein (p-gp)
Z9 FA AR
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U= cyclosporin A9] 7-9-& 73 SHA p-gpel

7%= Adfstda, A& do] e para-amino-
hlppunc acid= p-gp 715 Adllss HolA &= Ao
2 YERY (Fig. 4), & ATl AFS3H A2
o] p-gp 715 AAleS H7Ist7]ol A Al 2H o]
e AS AT F AN [13]. B AFolA Fot
g S P = 47HA T8 BEEL pgp
9] 7wl FFS FA B AOE YENT AV
o] AF A= o)E Eo] ofEErhu o] sl
p-gpoll g Al E37}F glaS ofn|siy, ohehA

= /\] AE%I
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Table 1. Effect of berberine and palmatine on dextro-
methorphan  O-demethylase activity in human liver
microsomes.

ICso (UM)

with pre-incubation without pre-incubation

35+ 0.5
108.2 = 21.9

175 £ 3.2
111.6 = 18.4

Berberine
Palmatine

800 + €L
600 -
400 -

200 +

% of control activity

DMSO {

p-Aminohippuric acid j‘

(@]
Control j*
Methanol j*

Berberine (25 uM) { |
Berberine (2.5 uM) j‘

Cyclosporin A

Fig. 4. Inhibitory effects of berberine on calcein AM accumu-
lation in L-MDRI.
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