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Kaori Yokotani® ?, Tsuyoshi Chiba®, Yoko Sato”, Yoko Kubota®, Yasuo Watanabe®), Masatsune Murata?,

Keizo Umegaki V *
DInformation Center, National Institute of Health and Nutrition; 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8636, Japan
DDepartment of Nutrition and Food Science, Ochanomizu University; 2-1-1 Otsuka, Bunkyo-ku, Tokyo 112-8610, Japan

67

ISchool of Medical Pharmaceutical Sciences, Nihon Pharmaceutical University; 10281 Komura, Ina-Machi, Kita-Adachi-gun, Saitama

362-0806, Japan

Received May 18, 2012, Accepted June 15, 2012

Drug-herb interaction is a major concern for the safety use of herbal products. In our previous mice study, we found
that Coleus forskohlii extract (CFE) markedly induced hepatic cytochrome P450 (CYP), especially CYP2B, 2C and 3A
type at the dose added to weight loss supplements. Also, we showed that forskolin, an active constituent in CFE, was not
involved in the CYP induction in vivo. The present study was designed to estimate the compounds inducing CYP. CFE
was fractionated into 4 (diethyl ether-, ethyl acetate-, acetone-, the remainder), and the effect of those fractions on CYP
was examined in two systems: test materials were fed to mice for 2 weeks (in vivo system), and those were directly
added to CYP3A enzyme assay (in vitro system). It was found that CYP inducing activity in vivo was mainly distributed
in the diethyl ether-fraction, which also showed a direct inhibition of CYP3A activity in vitro. The water soluble fraction
showed neither CYP induction in vivo nor CYP3A inhibition in vitra. It was also suggested the existence of several
compounds inducing CYP, some of which was eliminated during the fractionation procedure. CFE-induced CYP
induction in vivo was well correlated with an increase in liver weight, and was related to direct inhibition of CYP
enzyme activity in vitro. Combination of these characteristics would be useful for further study to identify the active
constituents in CFE materials that induce CYP.

Keywords: Coleus forskohlii / hepatic CYP / forskolin / herb / weight loss supplement
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SN 7 S5 —PREMELT cAMP BEZ LR IWRRZ
et al,, 1993;

A ¥ P OBELHEAF MR B ET 3 oY
Coleus forskohlii ¥%, BHEERT —al_X—FIZBWT, D
MERBPFHHRERESR, FRBEE, BTREBREDWR
FIZHVW BT E 7o(de Souza, et al., 1983). Coleus forskohlii
DEBIERIL, BIZETN DB IT V0O forskolin N7 F
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LI XV RRT B ELE X BN TV 5 (Bauer,
Baumann, et al,, 1990). Forskolin =X % cAMP E D L&
1, BAVEVBEEY R—EEEEL LTI RERE
52 b (Allen, et al., 1986), Coleus forskohlii 3% X
(CFE) i1, F4 =y MIRDEFTEBRY T AV MR
ELTERENTVS (Godard, etal, 2005). EEDF 1A =
v FT—ad, N—THHX TREEhbRE] EOMEE
DA A—=Vhb, CFE 2BTH 7Y AV M OFAE S

_82..



68 ® @

HMLTL BLBESND. CFE 2EE£1>BMFIAT
BHiZit, CFE OREMEHETIZLIEERRS,
Forskolin MO EIZEBITS LDy X, 7» FT 2,550
mg/kg, = A TX3,100 mgkg TH 5. Fi, CFE DOERE
PR EIZ 8B LDs 1~ 7 AT 375 mghkg EBEShTWS
(de Souza et al., 1983) . HFFA T CFE OFELERICL S5 b
TOEEESROBRHFIIRY 6%, LirL, CFE HIZ
BEERRLSTH, EERSOHMICL2BEERN, &
SHIBETATRERELLNS. AIXIE, B Ys
—VAT— NI, CYPIAFHE L PIEY A7 EH{KIZL D,
HREEROEDEZFRBIEILRHLMZEHATND
(Mannel, 2004). %= TEH biX CFE L EESOWEER %
BET5BE/T, %7 CFE 0EYREBROFTEOFES
WatLie. Z0fE, CFEIXFY b7 v—AP450 (CYP) %
BMHET DL, TOFHEMEMRLCYPB & L HIZERR
RED 70%% H¥ 5 CYP2C & CYP3A (Rendic, etal, 1997;
Tompkins, et al, 2007) TE LW L #5d i (Virgona,
etal., 2011). CFE @ CYP ##X, %5 & 60 mg/kg »> LD
b, ZODEX Regan-Shaw & (Reagan-Shaw, et al, 2008)
DFE LDt MERE~OBETIIN Smgkg &72Y, —
BT Y A2 b b OBREOCHBENTH . Tk,
CFE DiEMERLS Td B forskolin %= 7 {245 LT H CYP
DOFEITIE L A LRD DI h o722 L h b, forskolin L4+
DEAHR CYP BEHIZEELTWAZ LATREhE
(Virgonaet al., 2011). Ding & (Ding, etal, 2005) IX, FF#H
Ba% Ve in vitro RIZIBWT CFE 2 & % CYP H#RH4%
LT3, 61 forskolin 3 CYP BEER 2B & %
RLTREY, EELDinvivo DFERLIZRR-TWE, =
NETE FEEDT invive lZIBVWT CFE L EEROME/E
BERLUCHEIRD LR

CFE > CYP BERRSY, THbLERS L OMEER
WEEBTARANHETENE, TORSFOURBNLOK
£, HEVERERSINE-T, EXSL OREERAOE
BELEMTAFEETITHIENTE S, bk, &Y

P a— XU~ N POHEEERICEET 5
hyperforin &£ %2 63, hyperforin EBODRNEY F g
—y AU— MUR T, BRBEEELOREEREREDR
W ke FRRIZBWTHE SN TVW3 (Will-Shahab,
et al., 2009).

FZCAEHIE T, CFEHFICHEET S CYP FEEN %
BAoMITHENT, CFERBERIZIV 48EL, £1b
DESD CYP BFHEERE, vV AD invive THEZRB L
a7 a—uaERWe invitro FEMEZRIZBWTHEETL,
CFEHIZ&END CYPHENERHE L.

k&
1 RE LB
FERIZFIH L CFE 1, BER (Virgona et al, 2011) & &)

B fy fb

iz (b)) BEEYLEMER LY REEE2=Z7. £DCFE
134 v ROV Ha—)VCREL LT Coleus forskohlil BriiR
PHTL, BEAMBEEICLY forskolin BEEREENS
4y (20-30%) ZMMBL, DI 10% forskolin 2725 &
SITFFRARYVEFMLAELOTHD. — RS, K
5y 5.6%, FVXIE 03%, JEH 22.7%, K45y 2.2%, BRKRIE
¥ 69.2%Th-o7z. CYP2B, CYP2C, CYP3A ORERIE
i, V¥ FARY vF () (St Louis, MO, USA) LV,
NADPH 374V = Z )VEERE T2 (BR) L VA L7=. Invitro
@ CYPPHEERIZH A L7 P450-Glo™ CYP3A4 JIZEHx v I
(Luciferin-PPXE) i7" 24 (k) (Madison, WI, USA), %
OOREITETIEMETE (BF) LvBALE.

FIBHE Table 1 1278 L7z AING3G #EA L L7z Patten
(Patten, ectal,, 2004) DAERD b DOEFIA L, Zhiz CFE /2
B TNT CFE KBSy M Ui, MBHcsm Uiz CFE 22 5
TNZ CFE D& E Y, CFE & LT 1% (wiw) A% & LTH
BUk. fABOFEMBLEREa—RE—F, HELYV, o-
EAE—Z, TXRTF) (AINI3G), ©F I (AIN93G) %1
AV NVEERTE (R) LVBALE.

Table I Composition of experimental diets.

Ingredient Diet

g
Cornstarch 690.686
Sucrose 40
Casein 140
Sunflower oil 30
Cellulose 50
Vitamin mixture (AIN93G) 10
Mineral mixture (AIN93G) 35
L-Cystine 1.8
Choline hydrogen tartrate 2.5
Tertiary butylhydroquinone 0.014
Total 1000

2. CFE Q% 1E

CFE IZBE8R (Umegaki, et al, 2007) DOFIEIZHEL T 44y
B L7 (Fig 1). E4A51IZH, CFE 3K 100 g %7Kk 2,000 mL
WZHBEL, PoFAT—T)V2,000mL EMATHET— b
ETHMREL, PxFz—FBEBEEEEEL
TES 1 ERRLE 1711 g). —F, ABICIEB=FIL
2,000 mL 200%, FHRICIRE L CEB =T VE R BIERME
EELTHEY 2 2R L (4579 Bol kB2 REEG
BEEL, 71,000 mL 2% T35°CT4REERL,
WIRBLE., 207k NCBEBERGEE L TEY 3
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Coleus forskohlii P30 CYP FH¥MH

PHHLE (1.03g). F-7E b REMOBELEE LT
HEr4 &Lk (76.05 g). FELPIZEEN TV forskolin
OEFRIL, B 123 41.8%, B 2 28 39.7%, B4 3 2R
18.8%, E4r 4 2% 0.001%Tdh -7z,

CFE (100g of powdered from f 2, 000 raL)

Diethyl ether (2, 000 ;L)

Lower phase
+
Ethy! acelatc] (2,000 mL)

I l

Ethylacetate fraction Lower phase
. Evaporation
. @.57g) +
Eutraction by acetone
(1,000 mL)

Diethy] ether fraction

Acetonefraction

Residue

Fig. 1 Fractionation of C. forskohlii extract
3. B RIR

ICR Rt~ X 4 My (RAZ LT () 2F(AL, =
B 23E1C, 12 BEOBEY A 2 VORETHRELE. 5
BHOTREEAEO%IC, SRR, CFE &, CFE O&ESR,
2EIBAYRE 2 BHEBRS Y. fiRo k5 fpiz
YR L7z CFE 72 & TNZ CFE & B4 13 CFE & LT 1% (wiw)
WHRELL, Rl AKREHERIEE. FRP 1 kg oK
YWEOWRIEE, EO 18173 g, BEH2XM048g EHH3
23010 g, HET 4577 g, B 1-4 DREY LKSE CFE
D10gkg THY, TRHORMBEICHE TSI~ A F—
FREFRENOBBE L., <V RAR—ERRESELE,
AN EE— VBT CHREL, EbICFEERHLT
EREZWEL, CYPHEE TR0CI THRELE. BlLEDB)
WERE () EQE - FRTETERDDHBEEZESR
DEBER, RAEZRRONA P74 LTk,
4. BEERBRMERIEE

JFvA 7 1Y — 5B (Umegaki, et al, 2002) fEo
THREL, CYP E&1X Omura & (Omura, etal, 1964) DF
%, CYP2B & (Pentoxyresorufin O-dealkylase), CYP2C f&
% ((§)-warfarin 7-hydroxylase), CYP3A & & (testosterone
6f-hydroxylase) IXE# €4 HPLC & (Umegaki et al., 2002)
X VRIE L. HRWEO CYPIA fEREIZXT 3 in vitro
TOEEIL, CFE % 2 @BERE LU Rffvf 0y —
A% CYP BER L LTHY, CYP3A BIER*xv b
(P450-Glo™ CYP3A4) = X ¥ §¥4fi L7-. CYP3A DIHEEM:
i, BERRIEEIVAERLUERK S TTNVELI ) A—F
— (GloMax™96, Promega Co.) THIEL, =¥ ha—izst
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THEE (%) THEHLE., ZORERD CYPIA AT
B RMENY, ketoconazole DAFEIZ L W RER L.

&y Bix, Pierce™ BCA # VR ZHEF v b
(Thermo Fisher Scientific Inc., Rockford, IL, USA) 2 X ¥ E&
L.

5. HeEtaER

EF —F X EH EEERZTR U, KHAEIE Prism
5.0 (GraphPad Software, Inc., La Jolla, CA, USA) # VS, —78
ELE T & e, Tukey OZLEHBIRE & Y FHEH
OFEEXRE L. FFBEE: CYP OBRIZOVWTH,
Pearson OHIBEMAEE R, P<OOSUTEEREL L.

® R
1. Invivo lZ¥31F % CFE B4 DT CYP OFEER

1% CFE SR /2T hicE 35 CFE O/ EL DR
&% 2BMEMEZE L L&, vV ADKE L BRI,
SIFREE & & CFE TS INAIBIEE CERIT ) o7z (Table 1), FF
BEE/MEENIY, CFEESBOTTES 1 BAELEETH
ol TOEY 1 ROFEEAKENLT, £ESRSYE (8
S10b 4 DORE) LHERERIT 2o, ROHE CFE
HEL Y LEBITEN- T, FF CYP O E, CYP2B, CYP2C,
CYP3A OWEHEE, FEE/KRENL LISERROELRERL,
4 ODOEHBORTIRESS | BPRLEL, 2ESESYE
DES IELYLEVWEMERLE (Fig 2). KSESESY
B L SR4yE CFE BE% b3 &, CYP2B & & CYP2C i/
TIEARE 2BV b, CYP &8 E CYPIATEHED
BB/ NS Moz, Table | OFER/AFEN & Fig. 2
D CYP SEE CYP BT, RIEFRBOERRD L
N, FEREMBEERLE Fig 3)
2. Invitro \2331) 5 CFE B4y DT CYP3A EHEO R EER

CFE 7% b N & 55 ?. CYP [REER % in vitro 128V T
B Lz Fig 4). CYP V7 # A 7B WEESTED bz
CYP3A L L, HIBR~OHERDEDOTFMET—EREL L
7o (2.5, 75, 25 pgyml). FOFEFR, HSE LTV CFE
ROGIZES 1, 2, 31, FRERBEREFNIC CYPIATE
HEEEL, B 4 XEBERERERPo%2. HX 4
BWT CYP HEFEEN 2o Z &1, Fig 2 D invivo 12
BT CYP FEERAZRDRI o7 BRL L —&KLE.
ZOERERERY —EW LTz invitro 4TI, HELT
W2V CFEIZHAT, B4 1, B4 2, B4y 3O CYPHEE
BEIBVEL 2o 7.

Z £

EELOINTTOWENS, CFEW LD CYPFEI
1%, CFE OiEMERS TdH % forskolin PASF DA DB E LT
W3 EEZ BN (Virgona et al, 2011). £ 2T, AHET
1% CFE # V= Frxz—7 ), BB=FN, 7 LhrzAn
TADIHEL, < TAD invivo BRREF<A 72—
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Table 2  Body weight, liver weight and food intake of mice fed diets containing either fractionated or unfractionated C. forskohlii
extract (CFE).

Unfractionated

Fractionated extracts

Control F1 F2 F3 F4 Sum of F1-4 Extract
Final body weight (g) 32.7+08 349+ 13[L1] 326+ 1.01.0] 333+£09[1.0] 32.9+0.8[1.0] 349+08[11] 31.8 :0.6{0.97]
Liver weight
(% /body weight) 430£0.11 580+0.12[1.3F  5.11£0022[1.2] 448:0086[1.0] 427+£0043[0.99] 657%027[L5]  9.92£065[2.3]*
Average dairy
food intake (g) 454012 4.5+022[0.99) 45%0.14[1.0] 4.5£0.063 [1.0) 4.5+ 0.067[0.99) 4.5+0.10 [0.99] 4.5£020[1.0]

Male ICR mice were fed diets containing either fractionated or unfractionated C. forskohlii extract (CFE) at the dose equivalent of 1%
(w/w) CFE for 2 weeks.

Values are expressed as means and SE for 5 mice.

®: Significant difference from control group at p<0.05.

5. Significant difference from fraction 1 group at p<0.05.

©: Significant difference from fraction 1-4 mixture group at p<0.05.

a) CYP content b) CYP activities
CYP2B

8
151 3§ 4007 ab,c
ZE
- «
H $8 300-
€% 1.01 a Qs
8 & e D
& € E 200-
o g 6 g
§9 05 g8
5 2& 4004
e H g‘g
’ - >
o011 0L l'-l =] g8 o
N B oS B
& C e Ey ”

Fraction number Fraction number

= CYP2C o T CYP3A
3 55

$8 3 s 3

-] T e

>.a. z-n.

To & o 61

:g 2] a c £ a

=0 29 4

& E EE

TS 17 &

££ 22 7

W'é 0= 1 — §.2 pmy r—]r_],--‘
v“ T T T T '__‘g 0 T T T T T

Fraction number Fraction number

Fig.2 Hepatic CYP in mice fed diets containing either fractionated or unfractionated C. forskohlii extract (CFE).
Each value is the means and SE for 5 mice. Cont., control; F, fraction; Ext., unfractionated extract.

3; Significant difference from control group at p<0.05.

b, Significant difference from fraction 1 group at p<0.05.

¢:Significant difference from fraction 1-4 mixture group at p<0.05.
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Fig. 3

(S)-Warfarin 7-hydroxylase
activity (pmol/mg protein/min)

Total CYP content
(nmol/mg protein)

Coleus forskohlii 10 CYP FH¥EHH

a) CYP content

r=0.8524
P<0.0001
n=35

"o 5 10 15
Liver weight
{% body weight)
4 cYP2C
(]
3..
2-
r=0.9293
P<0.000
Lt n=35
c L H 1
0 5 10 15

Liver weight
{% body weight)

Data was from Table 1 and Fig. 2.

Fig. 4

125+

100+ e

Percent activity
-~
[3,]
[1

Pentoxyresorufin O-dealkylase
activity (pmol/mg protein/min)

Testosterone 68-hydroxylase

b) CYP activities

cYP2B
500-
400 s
e
300-
i r=0.9434
200 P<0.0001
100- n=35
0 T 1
0 5 10 15
Liver weight
{% body weight)
.E‘ 151 CYP3A
2
g
[<}
5 101 .
3 ° r=0.8318
E 5 P<0.0001
~ n=35
z
2
g 0
L 5 10 15
Liver weight

(% body welght)

Correlation between the liver weight/bady weight and hepatic CYP content or activities.

—¥ Fraction 4

Whole extract
50+
Fraction 3
25+
M
1 10 100
pug/mL

Inhibition of CYP3A activity by CFE whole extract or its fractionated samples.

71

CFE (whole extract) or fractionated samples were added into CYP3A assay medium at the concentration of 2.5-25 pg/mL., CFE-treated

mouse liver microsome was used as CYP3A enzyme.

Values are expressed as means and SE of duplicate determinations.
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AE BT invio BERAIZEBW T CYPHERSOBRR R
BTz, Invivo DRBRFERM S, CYP FERSITES 1 (m—
FTNER) CELEEN, EY 2, 3WCRBITEEOEEN
<20, B 4 THRHIFLALYEENTWRNVWI EBHS
e o, £, invitro ® CYPIA KT EREERLR
FLAEBR T, CFERLUNCESY 1235 3 B CYP OBE
BEHEERL, BY 4 KIIABEERBO bhehoTz. B
LOBERMND, CFE OFERS T —T VEETKICER
OREERE LTS Z EREES . B 4 BB
WZ &L, invitro © CYPIZXTT 2 EHER CLRER S,
CFE TR 7= in vivo 1283V D5 CYP FHFE L in vitro IZBIT 5
CYP &ML, invitro D CYP IEHDRIBICFIB L= E®]
& CYP FBERAN, BAWE, HHRANE, THARED
WTERAOREHERNERUEEREEZ NS, AFET
REZEOEEBEFERIEC DV TR LTy, SARE
LEZB L, invivo & invitro TEDTBESIIMRLLTV.

<7 A forskolin %5 U RO ERERNM L, CFR
D CYP FH#ALA T forskolin TIX R W EAVRENTWS
(Virgona et al,, 2011). AZERIZEBWVT, KBED T forskolin
DEAFRIE, B 1N 41.8%, BE4 228 39.7%, ELH3I N
18.8%, T4y 4 48 0.001%TH 7=, E4y 1 & 2 Tt forskolin
DOEBRINZEFBETH o720, CYP EBLEEMLTR
AN CYPHEERAR, B 1K LTES 2 TR LE 12
Thole. ZORELHO forskolin 58 L CYP HHEFO
BRA—FLARWERNML S, CFEFIZEEN5 CYP KK
K43k forskolin IADE B L E X BB,

CYP OFHEIZBWT, FEAEZSLEHENES | BX
DHEMN-TZ RN, RELTWS CYP HERANES 2
B3I LHABESBELTWAZ EbiEhEETs L
NTE3. L, FEOEZADEERS, ROEHLY
LEEIBENI L, £z, 2OEBOREN CYP §EC
CYP3A IZEE_T CYP2ZBP CYP2C CE LW Z LidBiB T2
RN AL CYP BERS Y, SEREICBVT—HkRE
ENTW AR CYP BEER2H T 2 RN EkEE
LTWABREEZ R L TW3, #1xiE, CFE 121X forskolin
DERE T H B 19-dideoxyforskolin, 7-deacetyl-1,9-
dideoxyforskolin MFEENH L ML I N T3 (lnamdar,
etal, 1989). F 7z, 1,9-dideoxyforskolin {2V TiL, FF CYP
FEERERATAZ ERHESHL TS (Ding et al,, 2005).
SERRTFTEDokR, ZhORCYPHEMETHS
h LivZzu.,

CFE 0 CYP FHEESOBRRBITBWT, SERLE in
vitro ® CYP EHEIRAERIIMEBORB CHREICRI T& 57
ERBHB,. LaL, mviro TCYPIEMEZHEETIRSTH
5T, TN invivo BT CYP 2FET 3 LIIEL
W, B, [ FarvBERAPTEENL ST AT
=Dt invitro 2B T CYP2B i TRE LA, mvive
Tt CYP2B OFHRRE ot r—Abbolkz

® o ft

(Sugiyama, etal,2004). ZDX IR b, nvitro 128
T AREERZEDTRBITOWT, in vivo IZEBIT 5 CYP
FELLTREBTIVNENRDD. Invivo TCYP EEIEM
ZRETHZ EBEETHDR, FCoYPHESLEE, &
BRSO IBIC & » TR L (Guengerich, 1995), 2t
DERFRBIZ L > THIETTHREERH L. #-T, &
DR CYP S OTMBEARD NS, AR TRL
7ok 512 CFE iz & B CYP $illik, FERE/AKELOIME
BHTHRVHEBEE R UL, JOFEEARELOEINITITI
EBROEMCBRETEHOTHY, FEEOHERED T
fHET, CYP BEHAIED L HIZ, w47 vy —hDFEP
BREEOCRIEIZ BT 2B EMIIBETRW. DE Y,
FER/MAERZAETIIL, CFEIC LB CYP OFE LN
NERSWHBTAZ ENRTETHS. SO CYP FEHK
DORBER T, BMETRITE S invitro © CYP {EHEE
ER, RORRBETEELRL CYP FEOFMEBEL 25
FEEABELREZBRIET S invivo DFMERELEHShE T
Wy a2 BB BEHLBLLND.

N—=THITER OB P BRI ARRYTHE. *
Oz IR R IR, M FEI X - TR PO
ADEHEENEETSEEL NS, CFE TOoW T,
forskolin AEHFEM L FTHRSE LTRESA TS Z L
M, HRICHE L TWS CFE i, 10% forskolin &% L
TR BREFTH D (Virgona, et al, 2010). LHL, Th
ETOEELOBRNIDL CFE X5 CYP H#EiTi,
forskolin A DREA AP 2 Z EBHAL M 2o TS,
CFE 1 forskolin O FKANEMITHMTH S, > T, CPE
ERECHRT DI, S5%0 CYP EHET DRME
HOEE, OO DFMENLDERED D VT
1B, £F0issEE DT CFE ORBEEOERRIE
ThHAHD, ARRTRLE CYP BERESRT—FILVESIC
ELIFETRHEER, in vivo KBITAFEEOHMZ X%
CYP HEOFEE, 72 5 TN in vitro 1281 3 CYP BEID
L B, SEBOBRHZBWVTRIDEZELLNS.
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introduction

Abstract

Objectives This study aimed to determine whether Coleus forskohlii extract (CFE)
influences the anticoagulant action of warfarin in mice in vivo and its relationship
with hepatic cytochrome P450 (CYP).

Methods Mice were fed various doses of CFE standardised with 10% forskolin ina
normal diet for one week, or in protein diets containing 7% and 20% casein (low and
normal) for four weeks. They were then administered with warfarin by gavage on the
last two days of the treatment regimen, and blood coagulation parameters, as well as
hepatic CYP, were analysed at 18 h after the last dose. Direct interaction between CFE
and forskolin with CYP2C was evaluated in vitro.

Key findings CFE dose dependently increased hepatic total CYP content and
S-warfarin 7-hydroxylase activity at a dietary level of =0.05%. Warfarin-induced
anticoagulation was attenuated by CFE in parallel with CYP induction. The findings
were similar in mice fed diets containing CFE and different ratios of protein. CFE
directly inhibited CYP2C activity in mouse and human liver microsomes in vitro,
whereas forskolin was only slightly inhibitory.

Conclusions CFE attenuates the anticoagulant action of warfarin by inducing
hepatic CYP2C; thus, caution is required with the combination of warfarin and
dietary supplements containing CFE. ‘

The use of herbal supplements has increased worldwide.™!
Such dietary supplements are perceived as safe because the
ingredients are natural and they have been used for centuries
in oriental cultures. However, adverse effects have been asso-
ciated with herbal supplements as their use has increased. The
causes of these adverse effects include contamination with
pharmaceutical agents or toxic substances by poor manufac-
turing practices or by adulteration,'*”! allergic reactions, and
interactions with prescribed drugs.!**)

Among the causes of adverse effects, drug-herb interac-
tions cause the most concern because consumers of herbal
supplements often take prescribed drugs concomitantly!>#s!
and health professionals might be unaware of possible inter-
actions.'*” In addition, a decrease in efficacy or an increase in
the adverse effects of prescribed drugs might interfere with
appropriate medical care and have a fatal outcome. Inter-
actions between some herbal ingredients, such as St John’s

© 2012 The Authors. JPP © 2012
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wort® and ginkgo biloba,® have been documented, but those
for other herbal ingredients remain unknown.

Weight-loss supplements are popular, but they can cause
health problems.'" Coleus forskohlii is a popular herbal
ingredient for commercial weight-loss dietary supplements.
C. forskohlii is native to India,"!! where it has been used for
centuries in Ayurvedic medicine to treat various diseases of
the cardiovascular, respiratory, gastrointestinal and central
nervous systems.!'” Extracts of C.forskohlii (CFE) roots
contain the diterpene forskolin, which increases cAMP con-
centrations via the activation of adenylate cyclase, resulting
in various-therapeutic effects against asthma and idiopathic
congestive cardiomyopathy.!"*¥ Theoretically, an increase in
cAMP induced by forskolin will enhance lipolysis leading to
elevated fat degradation and physiological fat utilisation, and
thus promote fat and weight loss. In fact, forskolin increases
both cAMP accumulation and lipolysis in fat cells,!** and
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CFE standardised with forskolin reduces fat accumulation in
ovariectomised rats'!” and induces favorable effects on body
fat in overweight women and obese men.!"**!

We previously showed that feeding mice with a diet con-
taining CFE (standardised with 10% forskolin) obviously
dose- and time-dependently induced hepatic cytochrome
P450 (CYP) enzymes.™ Significant induction of the hepatic
CYP content and CYP2C activity was evident at an intake
dose of 0.05%; the CFE dose of 60 mg/kg body weight in mice
corresponded to about 5 mg/kg body weight of a human
equivalent dose when calculated using the body surface nor-
malisation method.®! Forskolin had little effect on CYP
enzyme induction, indicating that an unknown factor is
involved. These findings suggests that CFE interacts with pre-
scribed drugs. However, whether CFE actually interacts with
drugs in vivo remains unclear.

The oral anticoagulant, warfarin, interacts with various
foods and drugs,®*! resulting in serious adverse events such
as bleeding and thrombus. Warfarin generally comprises
a racemic mixture of the two active enantiomers, R- and
S-warfarin, The latter has powerful anticoagulant action**!
and is metabolised by the CYP2C subfamily of enzymes,®!
which CFE induces in mice.®! Warfarin binds exclusively to
albumin in the blood, and an increase in unbound warfarin
due to a decrease in albumin enhances the anticoagulant
action.” Plasma albumin is likely to decrease in individuals
on a diet and weight-loss supplements containing CFE.
We found that feeding rats with a low-protein diet induced
hepatic CYP and decreased plasma albumin.” These
changes in plasma albumin and CYP induction caused by the
low-protein diet counteracted the influence of warfarin on
anticoagulation.

This study evaluates the interaction of CFE with warfarin
in mice in vivo in terms of hepatic CYP induction and the
effect of alow-protein diet. We also examined the direct inter-
action between CFE and CYP2C enzymes in mouse and
human liver microsomes in vitro. Our results clearly showed
that CFE interacted with warfarin and attenuated the antico-
agulant action of warfarin in vivo, and that CYP2C enzyme
induction was involved in the mechanism of the interaction.

Materials and Methods
Materials

Powdered CFE standardised with 10% forskolin was prepared
as follows. Dried roots of C. forskohlii, obtained from Banga-
lore in southern India, were crushed and supercritically
extracted under CO, gas. The forskolin-rich extract (20—
30%) was mixed with dextrin to a forskolin concentration
of 10%. These processes were outsourced to Tokiwa Phy-
tochemical Co. Ltd (Chiba, Japan). The CFE comprised:
water, 5.6%; protein, 0.3%; lipids, 22.7%; ash, 2.2% and
carbohydrates, 69.2%.

Kaori Yokotani et al.

The components of the AIN93G semi-purified diet were
purchased from Oriental Yeast Co. Ltd (Tokyo, Japan) and
included cornstarch, vitamin-free casein, cellulose, mineral
mixture (AIN93G) and vitamin mixture (AIN93G). The
composition of the AIN93G semi-purified diet has been
described by Reeves.?® We analysed CYP2C enzymes using
S-warfarin, 7-hydroxywarfarin, 7-ethoxycoumarin and
diclofenac purchased from Sigma-Aldrich Inc. (St Louis, MO,
USA), and NADPH from Oriental Yeast Co Ltd. The P450-
Glo CYP2C9 Screening System (Luciferin-H) and NADPH
regeneration systems were obtained from Promega Co.
(Madison, WI, USA). Human liver microsomes pooled
from 50 donors were obtained from Life Technologies Co.
(Carlsbad, CA, USA). Reagents for blood coagulation tests
were obtained from Sysmex Co. (Kobe, Japan). Forskolin and
1,9-dideoxyforskolin were obtained from Sigma-Aldrich Inc.
and all other reagents were purchased from Wako Pure
Chemical Industries Ltd (Osaka, Japan).

Animal experiments

In experiment 1, male ICR mice, four weeks old (CLEA Japan,
Inc., Tokyo, Japan), were housed at a constant temperature
(23 = 1°C) under a 12-h light-dark cycle in polypropylene
cages. After acclimatisation for one week, the mice were fed
the AIN93G semi-purified diet and CFE (0, 0.01, 0.05 and
0.15%) for one week.

In experiment 2, a study on the effects of dietary protein,
mice were fed for four weeks with a diet containing either 7%
(low) or 20% (normal) casein protein based on the AIN93G
semi-purified formula with CFE (0, 0.05 and 0.15%). Table 1
shows the composition of the two diets.

In both experiment 1 and 2, each group consisted of six
mice, The mice were administered by intragastric gavage with
warfarin racemate (1.0 and 0.25 mg/kg in experiments 1 and
2) dissolved in 0.5% carboxymethylcellulose or vehicle for the
last two days of the treatment regimen. In experiment 2,

Table 1 Composition of experimental diets (g/kg)

-~ Normal-protein

mgredient  det(%)  diet20%)

Vitamin-free casein 70 200
Comnstarch 6415 5295°
Cellulose 50 , 50
Sucrose 120 : 100
L-Cystine 1.05 3.00
Choline bitartate 25 2.5
Soybean oil (no additives) 70 70
Vitamin mixture (AIN93G) 10 10
Mineral mixture (AINS3G) 35 35
Tertiary butylhydroquinone 0,014 0.014

© 2012 The Authors. JPP © 2012
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we selected a low dose of warfarin to detect slight changes
that might be induced by diets containing different ratios of
protein. The mice were anaesthetised with pentobarbital
and killed at 18 h after the final administration of warfarin
according to a report by Sato et al.”® Blood was collected
from the caudal vena cava into tubes containing 3.2% sodium
citrate (1:9 dilution) for analysis of blood coagulation,
and into other tubes for serum preparation. The livers were
immediately removed, weighed, snap frozen with dry ice and
stored at —80°C.

All procedures were in accordance with the National
Institute of Health and Nutrition guidelines for the Care and
Use of Laboratory Animals, and approved by the ethical
committee in the National Institute of Health and Nutrition
(No. 1011, May 10th, 2010).

Analytical methods

High-performance liquid chromatography analysis
of Coleus forskohlii extract

The CFE used in this study was characterised by HPLC
equipped with UV detection (at 210 nm) and evaporative light
scattering detection (ELSD). The HPLC conditions and sample
preparation were basically according to a validated HPLC
method described elsewhere.™ Briefly, CFE sample extracted
with acetonitrile was injected into HPLC-UV-ELSD. HPLC
apparatus was a Shimadzu HPLC-VP system (Shimadzu
Corporation, Kyoto, Japan). The sample was applied to an
L-column ODS, 4.6 X 250 mm, 5um particle size (Chemical
Inspection & Testing Institute, Tokyo, Japan) at 35°C and
eluted with a linear gradient of water (A) and acetonitrile (B).
The gradient protocol was 0-12.0 min, 50-80% B; 12.1-
39.0 min, 100% B at a flow rate of 1.2 ml/min. Forskolin and
1,9-dideoxyforskolin in the sample were quantified by HPLC-
ELSD. The actual content of forskolin and 1,9-dideoxyforskolin
was 10.37 /100 gand 1.21 g/100 g, respectively.

Analysis of cytochrome P450 content and activity

The liver was rinsed with 0.9% (w/v) NaCl, homogenised in
50 mmol/l Tris-HCl buffer (pH 7.4) containing 0.25 mol/l
sucrose and separated by centrifugation at 10 000g at 4°C for
30 min. The supernatant was clarified by centrifugation at
105 000g at 4°C for 60 min and used as microsomes to deter-
mine the CYP levels. The total CYP content and the activity
of the CYP2C subtype enzyme as S-warfarin 7-hydroxylase
were determined as described.’!! We investigated CYP2C-
specific inhibition (experiment 3) using the 6’deoxyluciferin
(Luciferin-H) provided in the P450-Glo assay (Promega),
with untreated microsomes from mouse and human livers
as enzyme sources and diclofenac as a positive inhibitor,
according to the manufacturer’s instructions. Luminescent
signals from the reaction were measured by luminometry

© 2012 The Authors. JPP© 2012
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(GloMax96 Microplate Luminometer; Promega), and the
inhibitory activity of CFE, forskolin or diclofenac on CYP2C
enzyme was determined as ratio (%) of treatment with
vehicle. CYP2C activity was measured using various concen-
trations of CFE and Luciferin-H substrate to construct Dixon
plots. Activity was expressed as relative light units (RLU)/mg
protein/min.

Other analyses

Plasma samples were immediately centrifuged at 4320g at 4°C
for 10 min. Coagulation parameters (prothrombin time (PT),
activated partial thromboplastin time (APTT) and throm-
botest Owren (TTO)) were measured using an automated
blood coagulation analyser (CA-50; Sysmex) according to
the manufacturer’s protocol. PT and TTO are indicators of the
extrinsic and common pathways of the coagulation cascade,
respectively, and are used to monitor warfarin therapy. On the
other hand, APTT is an indicator of both: the intrinsic and
common pathways of the coagulation cascade. Protein con-
centrations were determined using BCA protein assay kits
(Pierce, Rockford, IL, USA). Serum albumin was determined
using the A/G B-test Wako (Wako Pure Chemical Industries).

Statistical analyses

Data are presented as means and standard error (SE) for indi-
vidual groups and were statistically analysed using one-way
(experiment 1) and two-way (experiment 2) analysis of vari-
ance with Tukey’s multiple comparison test or Student’s t-test
when two groups were compared. Differences at P < 0.05
were considered significant. All statistical analyses were
performed using Prism 5.0 (GraphPad Software Inc., La Jolla,
CA,USA).

Results

High-performance liquid chromatography
profile of Coleus forskohlii extract

CFE is a natural plant product and the components may vary
due to the extraction and preparation methods. Thus, to char-
acterise the profile of CFE sample used in this study, the sample
wasinjected into HPLC-UV-ELSD. Many peaks were observed
in the chromatogram of HPLC-UV detection, while four
peaks were observed in the chromatogram of HPLC-ELSD
(Figure 1). The content of forskolin and 1,9-dideoxyforskolin
in the CFE sample was 10.37% and 1.21%, respectively.

Interaction between Coleus forskohlii
extract and warfarin in blood coagulation
(experiment 1)

One week of dietary CFE dose dependently increased
the total hepatic CYP content and activity of S-warfarin
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Figure 1 Typical HPLC chromatograms of the Coleus forskohlii extract (CFE) used in this study. CFE sample extracted with acetonitrile was injected into
HPLC with UV detection (at 210 nm) and evaporative light scattering detection (ELSD). Details of conditions are given in Methods.

Total CYP content

S-Warfarin 7-hydroxylase (CYP2C)

1.5 257
c _ a,b,c
=G a,b,c b'é 2.0
[T o B
£ 10 2'g
S& g 15 1.5
o o v Q
C g g D 10+
%3 05 gL -
5 E &9
< 3 05+
0.0~ e -
Warfarin Warfarin - + + + +
CFE (%) 0 0 0.01 0.05 0.15 CFE (%) 0 0 0.01 0.05 0.15

Figure 2 Changes in total cytochrome P450 content and S-warfarin 7-hydroxylase in livers of mice administered with various doses of Coleus forskohlii
extract (CFE) and warfarin (experiment 1). Values are expressed as means and SE, n = 6, *P < 0.05, compared with CFE (0%) without warfarin. ?P < 0.05,
compared with CFE (0%) with warfarin. tP < 0.05, compared with CFE (0.01%) with warfarin. °P < 0.05, compared with CFE (0.05%) with warfarin.

7-hydroxylase, a CYP2C enzyme. Significant induction
was evident at dietary CFE doses above 0.05%, which
corresponded to a dose of 72 mg/kg body weight (Figure 2).
Liver weight significantly increased at a CFE dose of
0.15% (Table 2). Warfarin alone (1 mg/kg) for the last
two days of the treatment regimen slightly increased
the total CYP content, but did not induce S-warfarin
7-hydroxylase activity. The anticoagulant effect of war-
farin, evaluated by blood coagulation parameters (PT,
APTT and TTO), was dose-dependently attenuated by CFE
(Figure 3), which corresponded with the induction of CYP
enzymes.

Effect of dietary protein on interaction
between warfarin and Coleus forskohlii
extract (experiment 2)

Various doses of CFE in the 7% or 20% casein diets for four
weeks dose-dependently induced hepatic total CYP content
and the activity of S-warfarin 7-hydroxylase in mice. The
overall induction was higher than that in experiment 1. This
would be due to the longer period of CFE administration
(Figure 4). We selected a low dose of warfarin to detect slight
changes that might be induced by diets containing different
ratios of protein. Warfarin (0.25 mg/kg) administration for

© 2012 The Authors. JPP© 2012
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Table 2 Changes in body weight, liver weight and food intake of mice administered various doses of Coleus forskohlii extract (CFE) and warfarin
(experiment 1)

0% 0% 001% 0.05% 0.15%
Final body weight (g 344x09 341 %07 33.7%06 342+ 07 35005
Liver weight (%/body weight) 584 %0.10 5.72+0.18 523018 5.88 +.0.18 6.87 % 0.17%<
Average dairy food intake (g) 4.9 + 0.07 4.9+ 0.06 4.9 + 0.05 4.9+ 0.10 4.9 +0.09

Values are expressed as means = SE, n = 6. *P < 0.05, compared with CFE (0%) without warfarin. ?P < 0.05, compared with CFE (0%) with warfarin.
®P < 0.05, compared with CFE (0.01%) with warfarin. <P < 0.05, compared with CFE (0.05%) with warfarin.
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Figure 3 Changes in warfarin-induced blood coagulation parameters in mice administered with various doses of Coleus forskohlii extract (CFE) and
warfarin (experiment 1). Coagulation parameters are prothrombin time (PT), activated partial thromboplastin time (APTT) and thrombotest Owren (TTO).
Values are expressed as means and SE, n = 6. *P < 0.05, compared with CFE (0%) without warfarin. P < 0.05, compared with CFE (0%) with warfarin.

®P < 0.05, compared with CFE (0.01%) with warfarin.
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Figure 4 Changesin total cytochrome P450 content and S-warfarin 7-hydroxylase in livers of mice administered with various doses of Coleus forskohlii
extract (CFE) in low (7%) or normal (20%) protein diets and warfarin {(experiment 2). Values are expressed as means and SE, n = 6. *P < 0.05, compared
with CFE (0%) without warfarin. P < 0.05, compared with CFE (0%) with warfarin. ®P < 0.05, compared with CFE (0.01%) with warfarin.

(Table 3), but the plasma albumin concentration did not

the last two days of the regimen did not affect such changes.
differ between the two groups at any time. The magnitude of

The amount of dietary protein affected the groups that were

not treated with warfarin; the effect was obvious in the group
administered with the low, compared with the normal,
protein diet. However, the effect was less clear in the groups
treated with warfarin and CFE. Body weight was lower in the
group fed the low, rather than the normal, protein diet

©2012 The Authors. JPP © 2012
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warfarin-induced blood coagulation parameters decreased in
the groups administered with CFE, but the effect of dietary
protein was unclear (Figure 5). The decrease in blood antico-
agulation parameters corresponded to the increase in CYP
enzyme induction.

1797

,_93_



Warfarin-Coleus forskohlii interaction Kaori Yokotani et al.

Table 3 Changes in body weight, liver weight, serum albumin concentration and food intake of mice administered with various doses of Coleus for-
skohlii extract (CFE) in low (7 %) or normal (20%) protein diet and warfarin (experiment 2)

let(20% casein) " Low-protein diet (7% casein)
. 005%  015% 0% 0% - 005%  015%

41415 394*17 414%13 41112 371+12 35712 374%13 37.9x14

(%/bodyweight) 3.86 * 0.14” 391 %011 5710217 801+048% 373+022 438%031 499*005 5.95=0.14%°
Serumalbumin : ‘ L T s A AR

(Conqentratiqn, g/d|) 3.26 = 0.16 3.12+021 3.13%£0.19 3.06+0.24 348 £0.15 362*+0.12 3.11x007 29 +0.18
Average dairy. S ‘ '

Food intake (g) 4.8 *+0.13 47 * 0.1 4.6 +0.06 46 *0.10 4.8 = 0.04 4.7 = 0.06 4.8 *+0.06 4.6 = 0.09

Values are expressed as means * SE, n=6. *P < 0.05, compared with (0%) with warfarin in the same protein diet. ®P < 0.05, compared with CFE
(0.05%) with warfarin in the same protein diet.

TTO

PT

[INormal diet
Low-protein diet

4 30 60
o ¥ @ 20 @ 40
£ £ £
= 20 £ iz ab, p ab,p
10 20
10
0 0 0
Warfarin -~ + + + Warfarin - + + + Warfarin - + + +

CFE(%) © 0 0.05 0.15 CFE(%) O 0 0.05 0.15 CFE(%) O 0 0.05 0.15

Figure 5 Changes in warfarin-induced blood coagulation parameters in mice administered with various doses of Coleus forskohlii extract (CFE) in low
(7%) or normal (20%) protein diets and warfarin (experiment 2). Coagulation parameters are as described in the legend to Figure 2. Values are expressed
as means and SE, n = 6. *P < 0.05, compared with CFE (0%) without warfarin. P < 0.05, compared with CFE (0%) with warfarin. °P < 0.05, compared

with CFE (0.01%) with warfarin.

Direct interaction of Coleus forskohlii extract
on CYP2C enzyme in human and mouse
microsomes in vitro (experiment 3)

100+

We compared the direct interaction of CFE with CYP2C
enzymes between mouse and human liver microsomes. We
found that CFE dose-dependently inhibited CYP2C activity
in all microsomes, with a 50% inhibitory concentration
(ICs) value of 7 and 9pug/ml for mice and humans,
respectively (Figure 6). Under these conditions, the ICs, of
diclofenac, which is a positive control that commonly serves
as a probe for CYP2C9 assays in humans, was similar between
the mouse and human microsomes, at 8 and 10 pg/ml,
respectively. The inhibitory effect of CFE on mouse CYP2C
was characterised in a Dixon plot (Figure 7), which showed o . .

. . . . Figure 6 Inhibitory effect of Coleus forskohlii extract (CFE) on CYP2C
an approximate Ki value of 7.5 H g/ml. To clarlfy the contribu- activity of mouse and human liver microsomes (experiment 3). CYP2C
tion of forskolin on the inhibitory effect, 25 ug/mlof CFEand activity was determined in presence of 0.75-75 pug/ml CFE. Values are
2.5 pg/ml of forskolin, which was equivalent to the amount in expressed as means and SE of four determinations.
the CFE, were added to the CYP2C assay. Pure forskolin was
slightly inhibitory, whereas CFE was more so in both mouse
and human liver microsomes. The values (% of control activ-
ity, means * SE of four determinations) for forskolin vs CFE

Percent activity
1%
o
]

0 T
0.1

CFE (ug/ml)
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Figure 7  Effect of Coleus forskohlii extract (CFE) on CYP2C activity in
mouse liver microsomes in vitro (experiment 3). Dixon plot shows CYP2C
activity measured in presence of 7.5-75 pug/mL of CFE in mouse liver
microsomes in vitro. Loaded 6'deoxyluciferin (Luciferin-H) concentra-
tions: @, 50 pm; B, 100 um; A, 200 pumM; ¥, 400 um. Points represent
means of three determinations.

in mouse and human microsomes were 75 = 1.3 vs 12 += 1.0
and 92 & 3.3 vs 17 £ 0.3 (both P < 0.01), respectively.

Discussion

CFE contains forskolin, which activates adenylate cyclase and
thus induces various pharmacological effects. Currently, CFE
standardised with 10% forskolin is a popular herbal ingredi-
ent of dietary weight-loss supplements. Here, we showed that
CFE attenuated the anticoagulant action of warfarin in vivo,
and that hepatic total CYP and S-warfarin 7-hydroxylase
induced by CFE, but not by forskolin, were involved in the
mechanism of action. Experiment 1 showed that warfarin
interacted with CFE at doses of approximately 70 mg/kg body
weight for one week. This dose in mice corresponds to about
6 mg/kg in humans calculated using the body surface nor-
malisation method. Notably, the calculated human dose
was within the range of CFE intake from commercial dietary
weight-loss supplements, suggesting that the intake of war-
farin together with dietary supplements containing CFE
increases the risk of thrombus formation.

Consumers of dietary weight-loss supplements containing
CFE might also be on extreme diets, which could result in
their having a low-protein nutritional status. Warfarin binds
exclusively to albumin in the blood, and an increase in
unbound warfarin resulting from a decrease in albumin
might enhance the anticoagulant action of CFE.? On the
other hand, we found that feeding a low-protein diet to rats

© 2012 The Authors. JPP© 2012
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increases hepatic CYP levels,”” which might attenuate the
anticoagulant action of warfarin. Thus, precisely how CFE
interacts with warfarin under conditions of alow-protein diet
should be determined. Qur results showed that various doses
of CFE administered over a period of four weeks dose-
dependently diminished the anticoagulant action of warfarin
in mice fed diets containing low and normal amounts of
protein. The diminished anticoagulant action of warfarin
corresponded to the induction of total CYP and S-warfarin7-
hydroxylase activity, which were slightly higher in the mice
fed the low-protein diet. The effect of this diet on the interac-
tion between CFE and warfarin and the effect on anticoagula-
tion was less clear, perhaps because of the following. The
induction of CYP by four weeks of CFE administration was so
obvious that it obscured the effect of the low-protein diet.
Furthermore, plasma albumin was notably unaffected by the
low-protein diet under our experimental conditions.

The CYP2C subfamily is associated with S-warfarin
metabolism in humans and mice.*?! However, whether or not
the pathways of CFE interaction with warfarin are the same in
humans and mice 71 vivo remained unclear. We therefore
evaluated the direct interaction between CFE and forskolin
on CYP2C enzyme using the CYP2C9 Screening System in
mouse and human liver microsomes in vitro. The results
showed that CFE inhibits CYP2C activity in human and
mouse microsomes to a similar extent, whereas forskolin only
slightly inhibited the activity. The inhibitory potency of for-
skolin was considerably lower than that of CFE containing
10% forskolin. This finding was consistent with those of our
previous in-vivo mouse study;** which showed that an uni-
dentified substance in CFE induces CYP enzymes in vivo and
inhibits them in vitro. These findings imply that the uniden-
tified substance is a substrate of the CYP2C enzyme. The
ICs, of diclofenac, a substrate for human CYP2C9, and of
CFE were comparable between human and mouse liver
microsomes in this study. This observation indicates that CFE
interacts with other drugs, such as warfarin, that are metabo-
lised by CYP2C9 in humans. We characterised CFE interac-
tion with CYP2C in mouse liver microsomes using Dixon
plots. The Ki value was 7.5 pg/ml and the inhibition was non-
competitive. However, to conclude the type of inhibition
would be difficult at present because CFE has many compo-
nents, including forskolin, which might be involved in the
inhibitory reaction in liver microsomes. If the substance asso-
ciated with CYP induction in vivo and inhibition in vitro
could be identified and isolated, the Ki value would be lower
and the CFE mode of action would be clearer.

Although CFE is generally standardised with 10% forsko-
lin as an active substance, the contribution of forskolin to the
interaction of CFE with warfarin was negligible in this study
and in our previous study.?” Accordingly, the substance
causing CYP induction must be identified and eliminated
from CFE preparations for their safe inclusion in dietary
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weight-loss supplements. There are many substances in the
CFE, and it is unknown whether the inducer of CYP2C
enzyme is a single component at present. Ding and
Staudinger reported that forskolin and 1,9-dideoxyforskoiln,
a nonadenylate cylcase-activating analogue, induced CYP3A
gene expression through Pregnane X receptor (PXR) in cul-
tured hepatocytes.”®! The CFE materials used in the present
study contained 1.21% of 1,9-dideoxyforskolin. There-
fore, 1,9-dideoxyforskolin may be a candidate involved in
CYP2C induction. However, the intestinal absorption of 1,9-
dideoxyforskoiln as well as forskolin is unknown. The use of
weight-loss supplements seem to be higher in women than
in men, and it is important to clarify whether sex difference
exists in the induction of CYP by CFE intake. The assay
system used in this study would be helpful to identify the
active substances and in future detailed study.

Theoretically, CFE is thought to induce bleeding when
taken with antiplatelet drugs, because the forskolin in CFE
inhibits platelet functions.****! The findings of our previous
study™ seemed to contradict this theory; since CFE induced
both CYP3A and CYP2C, which catalyses 50% and 20% of
prescribed drugs, respectively.®**”) The induction of CYP by
CEE attenuated the effect of warfarin in the present study,
and would also diminish the effects of antiplatelet drugs,
thereby resulting in an increased risk of thrombus forma-
tion. Healthcare professionals should not blindly accept

Kaori Yokotani et al.

existing information, but should observe and communicate
with patients who are receiving warfarin, antiplatelet drugs
or other drugs metabolised by CYP2C and CYP3A while
consuming dietary weight-loss supplements containing CFE.

Conclusions

Coleus forskohlii extract induced CYP2C and diminished the
anticoagulant property of warfarin in mice in vivo. We also
showed that CFE inhibited CYP2C from mouse and human
liver microsomes in vitro, whereas forskolin did not. The
substance involved in CYP induction in vivo and inhibition
in vitro remains undefined.
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Summary From studies in mice, we have reported that Coleus forskohlii extract (CFE),
a popular herbal weight-loss ingredient, markedly induced hepatic drug metabolizing
enzymes, especially cytochrome P450 (CYP), and interacted with co-administered drugs.
This study was designed to examine how the induction of drug metabolizing enzymes by CFE
was influenced by different levels of macronutrients in the diet. Mice were fed a non-purified
diet or semi-purified diet with and without CFE (0.3-0.5%) for 14-18 d, and changes in the
ratio of liver weight to body weight, an indicator of hepatic CYP induction, and hepatic drug
metabolizing enzymes were analyzed. The ratio of liver weight to body weight, content and
activities of CYPs, and activity of glutathione S-transferase were higher in a semi-purified
standard diet (AIN93G formula) group than in high sucrose (62.9%) and high fat (29.9%)
diet groups. Different levels of protein (7%, 20%, and 33%) in the diets did not influence
CFE-induced CYP induction or increase the ratio of liver weight to body weight. The effect
of CFE on the ratio of liver weight to body weight was higher with a semi-purified diet than
with a non-purified diet, and was similar between dietary administration and intragastric
gavage when the CFE dose and the diet were the same. There was a positive correlation
between CFE-induced CYP induction and the content of starch in the diets, suggesting that
dietary starch potentiates CFE-induced CYP induction in mice. The mechanism of enhanced

CYP induction remains unclear.
Key Words
etary starch

Coleus forskohlii extract (CFE) is a popular herbal
ingredient for commercial weight-loss dietary supple-
ments (1). C. forskohlii is native to India (2), where it has
been used for centuries in Ayurvedic medicine to treat
various diseases of the cardiovascular, respiratory, gas-
trointestinal and central nervous systems (3). CFE con-
tains the diterpene forskolin as in Fig. 1, which increases
cAMP concentrations via the activation of adenylate
cyclase, resulting in various therapeutic effects against
asthma and idiopathic congestive cardiomyopathy (4,
5). Theoretically, an increase in cAMP induced by for-
skolin will enhance lipolysis leading to elevated fat
degradation and physiological fat utilization, and thus
promote fat and weight loss. It has been shown that for-
skolin increases both cAMP accumulation and lipolysis
in fat cells (6, 7), and CFE standardized with forskolin
reduces fat accumulation in ovariectomised rats (8)
and induces favorable effects on body fat in overweight
women and obese men (9, 10).

Currently, drug-herb interactions are becoming a
source of serious concern in relation to adverse effects,

*To whom correspondence should be addressed.
E-mail: umegaki@nih.go.jp
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Coleus forskohlii, cytochrome P4 50, macronutrients, administration route, di-

because consumers of herbal supplements often take
prescribed drugs concomitantly (11-13) and health
professionals might be unaware of possible interac-
tions (14, 15). A decrease in efficacy or an increase in
the adverse effects of prescribed drugs might interfere
with appropriate medical care and have a fatal out-
come. Drugs are metabolized by the Phase I and Phase
II enzymes; the former is catalyzed by cytochrome P450
(CYP) enzymes, and the latter is catalyzed conjuga-
tion enzymes such as glutathione S-transferase (GST)
and UDP-glucuronosyltransferase (16). Interactions
between some herbal ingredients, such as St John's wort
(17) and ginkgo biloba (18), have been documented and
shown to be mediated by CYPs, but those for other herbal
ingredients remain unknown. We previously showed
that feeding mice a diet containing CFE (standardized
with 10% forskolin) dose- and time-dependently induced
hepatic CYPs and GST enzymes (19). Significant induc-
tion of the hepatic CYP content and CYP2C activity
was evident at an intake dose of 0.05%; the CFE dose
was 60 mg/kg body weight in mice and corresponded
to about 5 mg/kg body weight of a human equivalent
dose when calculated using the body surface normal-
ization method (20). We also reported the interaction
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of warfarin and CFE in mice in vivo, where CFE attenu-
ated the anticoagulant action of warfarin via induction
of hepatic CYPs, especially CYP2C, which is involved
in active (S)-warfarin metabolism (21). Furthermore,
we showed that CFE induced CYPs in vivo and directly
inhibited CYP2C activity in vitro as well. In both in vivo
and in vitro studies, the effect of forskolin, a biologically
active marker, was negligible, indicating the contribu-
tion of unknown substances in the CFE (19, 22).

Users of weight loss supplements may have an
extreme meal with different macronutrient composi-
tions. There are 4 popular weight loss diets: Atkins
(very low in carbohydrate), Zone (low in carbohydrate),
Ornish (very high in carbohydrate), and LEARN (Life
style, Exercise, Attitude, Relationships and Nutrition)
(23). These differences in dietary macronutrients may
influence drug-metabolizing enzymes (24). Rats with
protein-calorie malnutrition decreased hepatic CYP
levels (CYP1A2, 2C11, 2E1 and 3A1/2) (25), and rats
fed a high-sucrose diet exhibited decreased hepatic con-
tent of CYP1A1, CYP3A2 and GST activity (26). It has
also been shown that a diet deficient in carbohydrate
remarkably enhanced liver mixed-function oxidase
activity and the metabolism of carbon tetrachloride
in rats (27). Based on these findings, it is important to
determine how dietary macronutrients influence CFE-
induced hepatic CYP induction.

In this study in mice, we examined how induction of
drug metabolizing enzymes, especially CYPs, was influ-
enced by CFE with regard to route of administration and

Fig. 1. Chemical structure of forskolin.

YokoTani K et al.

dietary conditions that differ in macronutrient compo-
sitions. In our previous study, CYP induction by CFE
was well correlated with an increase in the ratio of liver
weight to body weight (22). Therefore, we measured CYP
content and activities in the liver as well as the ratio of
liver weight to body weight as a reliable indicator of CYP
induction. The present study in mice had two benefits:
one was to clarify dietary conditions that can minimize
possible drug-CFE interactions via CYP induction, and
the second was to establish experimental diet conditions
that can readily be used to seek unknown substances in
CFE that induce CYPs in vivo.

MATERIALS AND METHODS

Materials. Powdered CFE standardized with 10%
forskolin was prepared as follows. Dried roots of C.
forskohlii obtained from Bangalore in southern India
were crushed and supercritically extracted under CO,
gas. The forskolin-rich extract (20-30%) was mixed
with dextrin to a forskolin concentration of 10%. These
processes were performed by Tokiwa Phytochemical Co.
Ltd. (Chiba, Japan). CFE comprised: water, 5.6%; pro-
tein, 0.3%; lipids, 22.7%; ash, 2.2%; and carbohydrates,
69.2%. For CYP enzyme assays, resorufin, pentoxy-
resorufin, (S)-warfarin, 7-hydroxywarfarin, 7-ethoxycouma-
rin, testosterone, 6B-hydroxytestosterone, and cortico-
sterone, and glutathione were purchased from Sigma-
Aldrich Inc, (St Louis, MO, USA). NADPH was purchased
from Oriental Yeast Co., Ltd. (Tokyo, Japan). All other
reagents were purchased from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan).

Experimental diets. Non-purified commercial rodent
diet (CE-2) was supplied by CLEA Japan, Inc. (Tokyo,
Japan). The non-purified diet comprised: water, 88 g/kg
diet; crude protein, 252 g/kg diet; crude lipids, 44 g/kg
diet; total ash, 70 g/kg diet; crude fiber, 44 g/kg diet and
soluble non-nitrogenous matter, 502 g/kg diet accord-
ing to the manufacturer’s information. A semi-purified
standard diet was prepared based on the composition of
the AIN93G formula of Reeves et al. (28). Various semi-
purified diets with different compositions of macronutri-
ent were prepared as shown in Table 1. The high-starch
diet that differed only in the source of the carbohydrate
and the high-fat diet were isonitrogenous per kilocalo-

Table 1. Composition of semi-purified experimental diets (g/kg diet).

Ingredient Standard High sucrose High fat Low protein High protein
Cornstarch 529.486 0 205.082 641.436 417.536
Sucrose 100 629.486 126 120 80
Casein 200 200 250 70 330
Soybean oil 70 70 292 70 70
Cellulose 50 50 63 50 50
Vitamin mixture (AIN93G) 10 10 13 10 10
Mineral mixture (AIN93G) 35 35 44 35 35
L-Cystine 3 3 3.76 1.05 4.95
Choline hydrogen tartrate 2.5 2.5 3.14 2.5 2.5
Tertiary butylhydroquinone 0.014 0.014 0.018 0.014 0.014
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Table 2. Body weight and liver weight of mice fed a non-purified diet or semi-purified standard diet with and without C.

forskohlii extract (CFE).

Semi-purified (standard)

Diet Non-purified

CFE treatment - + - +

Average daily food intake (g) 5.8%0.21 5.4+0.18[0.93] 5.0*0.152 4.8+0.11 [0.97]

Calculated CFE dose - b
(mg/kg body weight) 0 845+26.0 0 732+17.6

Final body weight (g) 31.4+042 30.3+0.30[0.96] 33.1+0.84° 32.9+0.45[0.99]

Liver weight (g) 1.44+0.05 2.08+0.05[1.4] 1.43+0.05° 2.63+0.20 [1.8]abc

(%/body weight) 4.58+0.11 6.87+0.10 [1.57 4.31+0.11b 7.99+0.57 [1.9]2¢

Mice were fed a non-purified diet or semi-purified diet with and without 0.5% C. forskohlii extract (CFE) for 2 wk.
Values are expressed as mean and SE (n=>5). Number in brackets indicates the increase in the ratio for its respective diet

group without CFE.

2 Significant difference from non-purified diet without CFE at p<0.05.
bSignificant difference from non-purified diet with CFE at p<<0.05.
¢Significant difference from semi-purified diet without CFE at p<0.05.

rie. Low, normal, and high protein diets were prepared
as isoenergetic by adjusting the proportion of carbohy-
drate in the diets. The ingredients for the semi-purified
diets were purchased from Oriental Yeast Co., Ltd.

Animal experiments. Male 4-wk-old ICR mice (CLEA
Japan, Inc.) were housed at a constant temperature
(23%£1°C) with a 12-h light-dark cycle in polypropylene
cages. After acclimation for 1 wk, the mice were divided
into treatment groups (5-6 mice per group) and were
administered CFE as follows.

In a comparison of non-purified diet and semi-puri-
fied standard diet, CFE was added at a concentration of
0.5% (w/w) to each diet, and given to mice ad libitum
for 2 wk. In a comparison of the route of administra-
tion, mice were either fed a semi-purified standard diet
with 0.5% CFE or given it daily by intragastric gavage
of CFE dissolved in 0.5% (w/v) carboxymethylcellulose
for 2 wk. In this administration route study, the daily
dose of CFE was adjusted to 750 mg/kg body weight. In
studies of the effect of macronutrients (i.e., starch, fat
and protein), the CFE dose was reduced to 0.3% (w/w)
in the semi-purified diets and the treatment term was set
at 18 d, because the dietary effects were thought to need
a longer period at this CFE dose. In the study, food intake
in each group was adjusted to keep a similar intake dose
of CPE. At the end of each treatment, mice were anes-
thetized with pentobarbital and killed. Their livers were
removed immediately, weighted, snap frozen with dry
ice and stored at —80°C until analysis.

All procedures were in accordance with National
Institute of Health and Nutrition Guidelines for the Care
and Use of Laboratory Animals and were approved by
the Ethical Committee in the same institute.

Analytical methods

Analysis of drug-metabolizing enzymes: The liver
was rinsed with 0.9% (w/v) NaCl, homogenized
in 50 mmol/L Tris-HCl buffer (pH 7.4) containing
0.25 mol/L sucrose, and separated by centrifugation
at 10,000 Xg at 4°C for 30 min. The supernatant was

centrifuged at 105,000 Xg at 4°C for 60 min to pre-
pare microsomal and cytosol fractions. The total CYP
content and the activities of various CYP enzymes were
determined using the microsomal fraction, and glutathi-
one S-transferase (GST) activity was determined using
cytosol fraction, as described previously (29). The sub-
types of CYP enzymes examined and the correspond-
ing CYPs were pentoxyresorufin O-dealkylase, CYP2B;
(S)-warfarin 7-hydroxylase, CYP2C; and testosterone
6B-hydroxylase, CYP3A. Protein concentration was
determined using a BCA protein assay kit (Pierce, Rock-
ford, IL, USA).

Statistical analyses. Data are presented as means and
standard error (SE) for individual groups and were ana-
lyzed statistically using one-way ANOVA (in the non-
purified diet versus semi-purified diet and CFE admin-
istration route studies) and two-way ANOVA (in the
macronutrient studies) with Tukey's multiple compari-
son test. Differences at p<<0.05 were considered signifi-
cant. All statistical analyses were performed using Prism
5.0 (GraphPad Software Inc., La Jolla, CA, USA).

RESULTS

Dietary treatment of CFE with non-purified and purified
diets and by different administration routes

Mice were fed a 0.5% CFE in a non-purified commer-
cial rodent diet (CE-2) or semi-purified standard diet for
2 wk. In the semi-purified diet groups, food intake was
lower, but body weight was higher compared with the
non-purified diet groups (Table 2). This discrepancy
might be due to high bioavailability of ingredients in the
semi-purified diet compared with crude natural ingre-
dients used in the non-purified diet. In the CFE-treated
groups, liver weight in the semi-purified diet group was
higher, but the increase in the ratio of liver weight to
body weight did not differ between the two CFE groups,
which could be caused by the low dose of CFE in the
semi-purified diet group. When mice were fed the same
semi-purified standard diet, increases in liver weight and
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