68 # on

WMLTL 2EBESNS. CFE 2EE2h >HHCRET
BHlHiit, CFE OREMEFRRT I I LNEREILRS.
Forskolin O O EIZBITD LDy 13, T v hT 2,550
mg/kg, < 7 ATk 3,100 mghkg THB. F£7-, CFE OHEHE
PR EIZ LD LD 3= 7 A T 375 mg/kg EHRESHhTWS
(de Souza etal., 1983) . B R T CFE O NERIZ L 5 L b
TOEEEROREIRY 6%, LaL, CFE B
BFEMN 2 TH, EEREOHAICI2HEERD, %
ST EETATRERELLNS. HIXE, BV
— VAU — NI, CYPAGHE L PEY 7LD,
HAERROEDLTBRBHSEIZERELMCERATVS
(Mannel, 2004). &2 C#¥ 61X CFE L EXHOBAEER%
BRET5BHT, %£7 CFE OSBRI OZTEOREY
e L, 20O#ER, CFE RAFY F 7 v—.4 P450 (CYP) %
BHET DL, TOFEMEMICYPB L L bicEER
KRB D 70%% 58 5 CYP2C & CYP3A (Rendic, etal., 1997,
Tompkins, et al., 2007) TELWI & 25D (Virgona,
etal, 2011). CFE @ CYP &}, #58 60 mgkg 1 H3B®»
BHi, ZDEiX Regan-Shaw & (Reagan-Shaw, et al,, 2008)
DHER LB MERE~OBRE TG Smgke 720, —
RS A M b OBEREBOHBEANTH-o . &7,
CFE DOEMREAY Cdh B forskolin &~ 7 212 E L TH CYP
OF T L ALEDONR-7 2 &2 5, forskolin BASH
DA CYP FEICHELTWB Z BRI NE
(Virgona et al.,, 2011). Ding & (Ding, etal,, 2005) i%, FF#l
K% AW in vitro RICBWT CFEIC L B CYP FE 2%
LTWAR, #51 forskolin 28 CYP FEER 2> L &
RLTEY, EBEOLD nvivo DERLIIRR-TnE, &
NETE FE2EDTinvive l2BWT CFE L EESDOEAEE
B 2R LIS bhizv.,

CFE P> CYP $5ERLSy, b bEER L OMEER
IZBEBT AR BEETENL, FORSOERLL O
£, HAVHEBERLICL-T, BEER L OMEEHOE
BEEMTAFELITHIIENTES. bRz, BV
b a— AU — NP OREFER BEET DS
hyperforin £3& X S, hyperforin HEDH 72V g
— 2 AT — MR TR, BOBEERE 0MEEREBRDR
W EARe FRRIZBWTHE EN TV (Will-Shahab,
et al., 2009).

# ZTASETIX, CFE FUZHEET 5 CYP BS54
BOEMITBET, CFERBEIZLY 47EIL, £hb
DESD CYP HEEREY, v U AD invive SHMERB LT
<A 7 vy —b%&BWi invitro BFERICEWTHRST L,
CFE FIZEEND CYP HEHERHE L.

F ok
1. BRI L s
EBRIZFIE L7- CFE 1%, BE$R (Virgona et al, 2011) &

B i M

BRI () HEEYLFHRET L Y REEE2=ZiT 2. 0 CFE
WA v ROV Ha— )V TEREL LTz Coleus forskohlii R iR
PR, BERRHEICLY forskolin NEFIEEND
B4y (20-30%) ZFREL, ZDHRIT 10% forskolin 12725 &
HEFXRRA MY UERMLE LD CHD. —EST, K
53 5.6%, ¥ U E 03%, BRE 22.7%, [R5y 2.2%, kRAk{k
B 692%TH-7. CYP2B, CYP2C, CYP3A ORIEHRIE
i, 7= 7A R »F (B (StLouis, MO, USA) J: 1,
NADPH (34 Y = #VEERE T2 (BR) LV BA L. Invitro
@ CYPFEEFEBIZHIA L7 P450-Glo™ CYP3A4BIEF » b
(Lucifetin-PPXE) {Z7°2 A A (#%) (Madison, WL, USA), &
O ORFEITETFEMETE () LvEALL.

F%EHI Table 1 1278 L7z AIN93G 2 E AL L7z Patten b
(Patten, et al., 2004) OMEEO L OEFA L, Zhic CFE 72
HTNC CFE OF B 23 Ui, FEHCEiMm L7 CFE 2 5
TNZ CFE D4 Hi43iX, CFE & LT 1% (ww) f8% & LTHR
B, FROEMB LR a—RE—F, ISV, o
EAm—Z, IRTF/ (AINI3G), BZ I (AINI3G) &%
AV A NVEERTE () LVEBALE.

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 25
Tertiary butylhydroquinone 0.014
Total 1000

2. CFE O

CFE j3BF# (Umegaki, et al,, 2007) OHFEITHEL T 44
L7 (Fig. 1). BEMIZIE, CFE ¥R 100 g %7K 2,000 mL
WML, YxFAT—F 0 2,000ml 2L THET— b
ZTHBIER L, PoFAr—FABERERGEEEL
TES 1 ZRBRLE (17.11 9. —F, KBICE#Eg=Fv
2,000 mL 50%, FECESR L CEEE= FVE 2 W/EEE
EELTHES 2 2HBE LI 457 BoTlo kB E2RERG
EEL, 7k by 1,000 mL 202 T35CT4BRHE#RL,
REEB L. 207 FoBABEEMGEELTEHES 3
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PR (1.03g). 7% b REOBERE L HEE LT
By 4 & Uik (76.05 g). W& TIZE £ Tz forskolin
OEHRIL, W4y 15 41.8%, LY 25 39.7%, B3N
18.8%, M4y 4 28 0.001% Tdh o7z,

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

Dicthyl ether (2, 000 L)

l
l l

Diethyl ether fraction Lower phase

+
J 0218 Byt acetate, (2,000 mL)

l i

Ethyl acetate fraction Lower phase
Evaporation
. -

o @B57g) "

Extraction by acetone
(1,000 mL)

l
l |

Acetonefraction

Residue

Fraction 3 4 (1.03¢

Fig. 1 Fractionation of C. forskohlii extract

3. Wiy

ICR Felfe= v X 4l (RAZ V7 () 2#FIAL, =
R 23+1°C, 12 BMOWRY A 2V ORETRELE. S
H MO Pt E Otkic, xti@f, CFE &, CFE O& B4R,
LEMBREMREE 2 BEHERE Y. il & 5 fkhic
¥R LU 7z CFE 72 & UNZ CFE O F 43014 CFE & LT 1% (w/w)
WAL, & KL E B ST, Sk 1 kg DR
MR OTRMENL, WY 128173 g, W4y 245048 g, 43
25010 g, WS 4057.7 g, ES 1-4 DIREM & K5 E CFE
N10ghkg THY, THEOWMBEICHYETHa— A F—
FREFEPLBE L., v U AR SE®, R
VR E - VREFTCHREL, ELIBERELT
CHEBFWEL, CYPRIEE T-80CIETRE Lz, BlEDE)
WmEBGL ) EE - REMERERGNHEREES
ORBEE, RERSONA RIA4 CBECTTo k.
4. EESRVEMERIEE

A7 a )~ 38 (Unegaki, et al,, 2002) {ZfE-
THM L, CYP £E&id Omura & (Omura, etal, 1964) DOF
ik, CYP2B {&# (Pentoxyresorufin O-dealkylase), CYP2C i%
P ((S)-warfarin 7-hydroxylase), CYP3A & f4 (testosterone
6B-hydroxylase) IXE3Z4 HPLC ¥ (Umegaki et al., 2002)
X VRIE L, HRMWE D CYPIA FEHEICRT B in vitro
TOFREY, CFE % 2 BERE LU RFv Aoy —
A% CYP BEE L LTHW, CYP3A BIERA*y b
(P450-Glo™ CYP3A4) 1= X V3l L7z. CYP3A ORREEM
¥, BERBICEVER LRSI FNENI ) A—F
— (GloMax™96, Promega Co.) THIEL, =¥ ha—ioxt

Fraction 4| (76.05¢)

THHE (%) THRH UL, ZoOHERO CYPIA XT3
HERMERY, ketoconazole OFIEIC 1 Y BB L7z,

¥ v 87 bk, Pieree™ BCA # VX7 BIEX v b
(Thermo Fisher Scientific Inc., Rockford, IL, USA) = X ¥ Ef
L.
5. MR

T H I LIRS COR Ui, BERHOIEEIL Prism
5.0 (GraphPad Software, Inc., La Jolla, CA, USA) AV, —iT
e R T HT % M4, Tukey DL IR ILIIREIC X Y 45 BERT
DEEEEWE L, HMERE: CYP ORI OWTIE,
Pearson O BIEREA R, P<0.05S MTEHEE Lz,

WOR
1. Invivo 233V} 3 CFE Hisr Offf CYP OFE/EH

1% CFE @R E 72 E Y435 CFE OFE L DR
% 2 MHIRAER G Lic & &, v U R OEKE L BN,
SRR & 45 CFE WS TRt/ 72 (Table 1). AF
BAMAER, CFEEASBORTELY 1 XK bEETH
oo, ZOBSy | BOTERE/MRERY, £EMREWE (8
D1 b 4 ORE) LABRERIIRN TN, K55H CFE
LY LEBE o0, T CYP D&, CYP2B, CYP2C,
CYP3A OVEMN, FFER/RERL L IZEREORETRL,
4 DOESFED P CIEES | BN LE L, RERE-S YR
ES TREL Y bEVEMEZR L (Fig 2). 2BE2EEY
& A4y CFE BEx L5 &, CYP2B EEE CYP2C 1EME
TR E RBEVISFRD b3, CYP &8 & CYPIA IEHD
BT/ N & a0 J2. Table 1 OFFERASEL L Fig 2
@ CYP &HPE CYP {EHIIL, 1ISIERROELBED b
h, HEREMBEZRLE Fig 3).
2. Invitro {2334} % CFE 4> OFF CYP3A IEHEORLEIER

CFE 72 5 UNC A4 0 CYP BEFEMER % in vitro I2BWT
BEt L7 (Fig 4). CYP V7 % 4 B WEERRD bhiz
CYP3A L L, BIER~OEBMEOWMEIT—-BREL L
7 (2.5, 1.5, 25 pg/ml). TORKR, SE LTV CFE
ROTNCESY 1, 2, 31, TR ENEEREFENIC CYPIARE
HEEIEEL, EH 4 HHEERERE Mo, HOD 412
BUNT CYP BREFEMEN 22 o722 21T, Fig 2 D in vive 1T
BWT CYP BMERAZRDRP oI RE I —FK LT,
IO ERE L —EIC LT inviro RETIY, SELT
VW CFEIZ AT, T4 1, Ei4 2, H4y3 @ CYPHE
EEFBEVMEE 2oz,

Z £

EBZLOINETOMEND, CFEIZ LB CYP FHEIiC
i3, CFE DIEMRS TH 5 forskolin AD R B EE LT
W3 LEZ HiL (Virgona et al,, 2011). # 2T, &EFET
X CFE 2 VP =F Nz —F), Ei=FN, TE hU/E2AW
TADEHEL, TUAD invivo ERREFF~A 70—
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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).
Fractionated extracts Unfractonated
Control F1 F2 F3 F4 Sum of F1-4 Extract
Final body weight (g) 327408 349+13[L1] 32.64 1.0[1.0] 33.3£0.9[10] 32.940.8[1.0] 34908 [L1] 31.8+0.6[0.97]
Liver weight
(% fbody weight) 430%0.11 5.80+0.12[1.3]  5.11+0022{12] 448+0086[1.0] 4.27+0.043[0.99] 6.57+027[L5]'  9.92£0.65 [2.3]"
Average dairy
food intake (g) 454012 4.5+0.22[0.99] 4.5+0.14[1.0] 45£0063[1.0]  45+0067[099]  45£010{099]  45020[L0]

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.

b 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

Q@ -~
.5 8% w0 CYP2B ab.c
2E
- “
5% €3 3001
£% 1.0 a [N}
8 B c D
e T £ E 2004
$2 \ 23
=3 051 ' 2 &
g 7 2& 1001
O & i ;.
=~ X é’
; €2
ool L 1L IT g8 o
& eSSy &
Fraction number Fraction number
s E CYP2C 0T CYP3A
3 'E 4- % IE 10_
SE *E
g8 8%
E = - g
> 2 Z2e |
'? =] é. o (]
~E o E
5 g 2 E 4
s ]
52 5€
s 0 &
E e
&

Fraction number

Fig.2  Hepatic CYP in mice fed diets containing either fractionated or unfractionated

Fraction number

C. forskohlii extract (CFE).

Each value is the means and SE for 5 mice. Cont., control; F, fraction; Ext., unfractionated extract.

®: 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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a) CYP content b) CYP activities
8T 500 CYP2B
2,04 ZE ]
L8
N~ D -
§.§ 1.5 gg 400 Q.
- S5
1.0 € E
&g r=0,8524 53 2004 r=0.9434
Q -]
TS E P<0.0001 2 E P<0.0001
0.5+ n=35 L~ i n=35
2L Rz 100
€2
0.0 r T ] st 0 T ]
0 5 10 15 @ 0 5 10 15
Liver weight Liver welght
(% body weight) (% body weight)
3E 4 cyp2c 8E 15 CYP3A
85 EX:
g3 g
S8 3 5%
2o =5 10- .
£ £
K E 2 2
£33 r=0.9293 © 3 r=0.8318
8 E P<0.000 s E & P<0.0001
PR E - 5 < =
@ n=35 2 n=35
£ g gz
(k] § 2
=~ 0 T T 1 0 T 1
S g 5 10 15 8% 5 10 15
Liver weight Liver weight
(% body weight) (% body welight)

Fig.3  Correlation between the liver weight/body weight and hepatic CYP content or activities.
Data was from Table 1 and Fig. 2.

1254

100- ¥»————%"—————3 Fraction 4

Percent activity
-~
(4.1
1

Whole extract
50-
Fraction 3
8T T ¥ LA R A AL R N | T T Ty
1 10 100

pg/mL

Fig. 4 Inhibition of CYP3A activity by CFE whole extract or its fractionated samples.

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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A xR invitro BRRICB W T CYPHERSOBREER
Bie. Invivo ORBFERM S, CYP BEASITES 1 (=—
FAED) KESBEN, HE 2, 3127231582 0FEERN
B2y, By 4 IIELAEEENTWRWVWI LBHAL
Motz £z, invitro ® CYPIA XX+ A EEERLR
B UHER TR, CFE 2B TNIES 1 036 3 28 CYP OfRE
EHERL, B 4 CHAEEETIRD bhiahroatz. B
LoOREND, CFE OFERTIET—T N RETRICERE
OEEERE LTSI LB HEESNE. By 4 ITEERR
WZ L, invitro O CYP 2T 2 EEER THRER INE.
CFE "CER® 7= in vivo 12V D CYP FHE L in vito ITRBIT 5
CYP JEMEFREIL, invitro ® CYP IEHEOBIECFIA Li-&HE
L CYP FHEEAN, BEHE, FRSHE, THAMRED
WP OO ERERERLEBREEZLONS. KFET
JXEER OB EHERIC OV TIRRFT L TV AW, FEEHRE
LEZ AL invive & invitro TROTRBIIMIR LTV,

= 7RI forskolin L LR OERERHNM S, CFE
o CYP B8RS forskolin TIIARWI EARENTWVWS
(Virgona et al., 2011). FAEERIZEBWT, KHELF O forskolin
OEHSRIT, B 1A 41.8%, B2 39.7%, E4S 3R
18.8%, 4 475 0.001% Tdh o7z, B4 1 & 2 T forskolin
DOEFERIIFEFRBECTH -7, CYP EELEENLR
ANz CYPHEMERIL, BS 1IN LTES 2 TREZ 12
Thok. ZORESPO forskolin & & CYP HEMEAD
RS —HLRWERML S, CFEPIZEETh5 CYP HE
43X forskolin A DRSY L EZ BB,

CYP OFEICRBWT, FEZEEDEHENES 1 BX
VHEEMNoTI L, BELTWVD CYP HERSVPES 2
R ICHHIBRESBLTWE I EALBRHBETZ e
WTED, UL, FESEEDEER, KOEHLY
HAEBICENZE, T, TOBEBOBREN CYP 8%
CYP3AITHAT CYP2BR CYP2C TE LW I LA T
TRV T CYP BERL Y, SEBREICBWT—HbkE
STV AR CYP FEER 28T 2 OB BEREE
LTWARREMEER LT3, #121E, CFE iz forskolin
O WEBE T H B 1,9-dideoxyforskolin, 7-deacetyl-1,9-
dideoxyforskolin ATFENBE LM ENTWD  (Inamdar,
etal., 1989). $7=, 1,9-dideoxyforskolin {Z-2VTid, FF CYP
FMERAEET B LNRESHLTVWS (Ding et al,, 2005).
AEIIREFTCE oy, THONR CYPFHFEME THD
b L,

CFE F0 CYP HFEMHDHBEIZRBNT, SERLE in
vitro D CYP FEMERIIMEORE CREICHREITE 57
ANRPHB. LML, inviko TCYPIEMEZIEET SRS TH
ST, FND invivo KBWT CYP 2FHET 2 L1IRH2
W ER, A FavEFRAPREEINE ST RUT
=T invitro \ZEBWT CYP2B {EHEZTHE LN, invive
Tk CYP2B OFHERERE ol r—Abhotz
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(Sugiyama, ectal,2004). ZDOX DRI LMD, invire I8
T ABREEREZRD R OWT, in vive 21815 CYP
FBELUNTHETAINERDD. Invivo T CYP & EB0IEH
PRETDIZLBERTHIN, FCYP ZEREMRR, &
BESMLRBIRIBIT L > TEBIL (Guengerich, 1995), 3%t
ODRFRBIZL > THETTHHEMERHS. #-T, &
DEE CYP ZFEOTHMEBENS RS OND. APRTHL
fek 9 CFEIZ X% CYP L, FEE/MELOINE
BHTRVHEELZR L. - OFEEASEE ORINIITI
EROBMCBEETSLOTHY, FERBORERMED T
HET, CYP BHHEDCLIIZ, w417 vy —Ls0fflse
BREEOREICB 2B EMIBETR Y. 2E D,
FEBARELZAIETIE, CPEIC LB /F CYP OFE L~
NERBIIEETZZLRTHETHD. 5% 0 CYP HFER
SORBEBR T, METREITE D invitro © CYP &R
ER, ROLUNHETEELL CYP HBEOFMBE L 25
FEEMAELLZRIET S invive DR EHEASHETE
BTdZEBHEHLELLND.

N—TRITEBROBRAP BB SN AIRRYTHD. £
D7D [UNHEREA O HUE, I F IR Ko TR P OER]
HADERERESTILELbh5. CFE IZ2WTIE,
forskolin BEBENEME T THL L LTHRESLTWD 2 &
M5, HIEIZIEE L TV CFE %, 10% forskolin 2&%4 L
T-EMMPERTH D (Virgona, et al, 2010). LHL, Zh
ETOEELOREMD CFE X3 CYP HEITIT,
forskolin AA DR BT 2 Z LB NS TVNS,
CFE “1® forskolin OIEINEMWIMETH S, 7> T, CFE
PRECHET DI, A% CYP &9 5 RMAL
SORE, 78 6TUNCE QRS OB EN B OBRES D i
&R, EtOmS%2 &N CFE OB EREDERBME
TH5HYH. AERTRLE CYP BERS A=~ T VESIZ
ZLIFETDEER, n vivo KB AFEEOEMIC LS
CYP FEOFMYE, 725 UNT in vitro BT 5 CYP BBEIZ
X AEMEL, SHBROBFHIZBVWTRISEEZ LGNS,

ARFFEIIRIFE (23500999) OBIEEEZIT 2L D THS.
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Modification of a Dendritic Algorithm for Evaluation of Causal Relationships of
Adverse Events with Health Food
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Information of adverse events associated with dietary supplements or health food, which is collected by
manufacturers or healthcare facilities, is inconsistent. Therefore, a method to collect essential information from
patients or consumers and evaluate the causal relationship of adverse events is necessary. We previously
modified a dendritic algorithm for evaluating medication-related adverse events (Jones JK. Fam Community
Health 1982; 5: 58-67)for use in dietary supplements or health food. In this study, we improved the dendritic
algorithm, especially in the temporal relation between taking dietary supplements or health food and onset of
adverse events, and compared to a different algorithm based on the scoring scale developed by Naranjo et al
(Naranjo CA, et al. Clin Pharmacol Ther 1981; 30: 239-45). Using both algorithms, eight raters (pharmaceutical
science students) assessed 200 cases of adverse events provided by the manufacturer’s customer inquiry center.
The « coefficient of multi-rater reliability was 0.51 for the modified dendritic algorithm and 0.35 for the scoring
scale. The time required to complete the evaluation tended to be shorter using the dendritic algorithm. In
conclusion, the present results indicate that the improved dendritic algorithm may be reliable and suitable for
universal usage. Pilot studies using the modified algorithm during history taking of consumers or patients to
collect information on adverse events are needed to assess the utility of the algorithm in clinical practice.

(JpnJ Clin Pharmacol Ther 2013; 44(5) : 405-410)

Key words: health food, adverse event, algorithm, causal relationship
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Dietary Coleus forskohlii extract generates
dose-related hepatotoxicity in mice

Nantiga Virgona,™® Yuko Taki,® Shizuo Yamada® and Keizo Umegaki®*

ABSTRACT: Coleus forskohlii root extract (CFE) represented by its bioactive constituent ‘forskolin’ is popularly used as a natural
weight-lowering product, but the association of its use with liver-related risks is very limited. In the present study, the effect of
standardized CFE with 10% forskolin on liver function of mice was examined. Mice were given 0-5% CFE in an AIN93G-based
diet for 3-5 weeks. Food intake, body weights, relative organ weights and liver marker enzymes [aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP)] combined with histophatological analysis were
assessed. CFE (0-0.5%) only had minimal effects on food intake and body weight whereas a significant difference was
observed in mice receiving the highest dose (5% CFE). The extract 0.05-5% dose-dependently decreased visceral fat weight
by between 16% and 63%, and a dose-dependent several folds increase was observed in liver weights and plasma AST, ALT
and ALP activities with quick onset apparent after only 1 week of 0.5% CFE intake. The hepatic effect persisted throughout
the 3-weeks course but was restored towards normalization within 1 week after withdrawal of treatment. Liver histology of
mice fed 0.5% CFE for 3 weeks showed hepatocyte hypertrophy and fat deposition. In contrast, none of the hepatic responses
measured were altered when mice were given a diet containing pure forskolin alone at the dose corresponding to its content in
0.5% CFE. The present study clearly indicated that forskolin was not involved in the CFE-induced hepatotoxicity and was
caused by other unidentified constituents in CFE which warrants further studies. Copyright © 2012 John Wiley & Sons, Ltd.

Introduction

Obesity is a chronic metabolic disorder and is associated with the
genesis or development of various diseases, such as type 2
diabetes, cardiovascular disease, hypertension, fatty liver disease
and certain forms of cancer (Grundy, 2004). The rise in obesity
has caused an increasing demand for effective and safe anti-
obesity agents, including herbal products (Egras et al, 2011).
Over the years, a variety of medicinal plants and their extracts
have been reported to have beneficial effects in reducing the risk
of obesity (Kamisoyama et al., 2008, Stewart et al., 2008). These
natural compounds ameliorate obesity either by increasing
energy expenditure or by inhibiting adipocyte differentiation.

The rhizome part of the perennial plant Coleus forskohlii, native to
India, has been traditionally used in Ayurvedic medicine as a remedy
for heart disease, respiratory, gastrointestinal and central nervous
systems disorders (Ammon and Muller, 1985). Many of the beneficial
effects of C. forskohlii consumption have been attributed to the
pharmacological actions of forskolin, a major diterpene isolated
from the root of C. forskohlii. Forskolin increases cyclic adenosine
monophosphate (CAMP) via activation of the enzyme adenylate
cyclase by binding to the glucose transporter owing to the right ring
of the Decalin portion of forskolin having structural similarity with
alpha-D-galactose (Abbadi and Morin, 1999; Laurenza et al., 1989).
Enhanced lipolysis as a result of elevation of cAMP by forskolin
resulted in the breakdown of stored fats in animal cells (Okuda
et al, 1992) and human fat cells (Allen et al, 1986). Anti-obesity
effects have also been attributed to C. forskohlii extract (CFE) by
reducing fat accumulation in ovariectomized rats (Han et al, 2005),
overweight females (Henderson et al, 2005) and males (Godard
etal, 2005). Based on these findings, there are an increasing number
of commercial dietary supplement products in which CFE is used
as an herbal ingredient to promote weight loss.
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There are examples of hepatotoxicity induced by many types
of herbal remedies used as weight loss agents (Egras et al,
2011). Considering the widespread use of CFE in herbal weight
loss products there are only a limited number of studies on
the involvement of CFE or its constituents regarding toxicity
and the detrimental effects of this extract. Earlier, an in vitro
study demonstrated that forskolin and its analog induced cyto-
chrome P450 (CYP) family, CYP3A gene expression in primary
hepatocytes (Ding and Staudinger, 2005). We recently reported
that both CFE and pure forskolin induced CYP3A and glutathi-
one S-transferase (GST) activities. However, only CFE showed a
significant increase in liver weight with dose-related responses
in mice (Virgona et al., 2012). Therefore, whether the dose or
duration of use may be correlated with the risk of liver damage
remains unknown. It is also unclear if the safety profile of CFE is
similar to other agents used in the management of body weight
without hepatotoxicity effect. Thus, in the present study, we
aimed to investigate the extent to which hepatic function of
mice is affected by consumption of CFE. Four dose levels of a
standardized CFE extract, and its main constituent forskolin were
used to assess possible hepatotoxicity. Plasma marker enzymes
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for liver damage were measured to monitor treatment-related
adverse effects. The extent of CFE treatment-related changes in
liver tissues were assessed with histopathology.

Materials and Methods

Materials

Powdered CFE standardized with 10% forskolin used in the pres-
ent study was extracted and prepared by Tokiwa Phytochemical
Co., Ltd (Chiba, Japan). In brief, dried roots of C. forskohlii were
crushed and applied to supercritical extraction with CO, gas.
The obtained forskolin rich extract (20-30%) was incorporated
into powdered dextrin to yield dry CFE powder with a forskolin
concentration of 10%, The components of the CFE material
were: water, 5.6%; protein, 0.3%; lipids, 22.7%; ash, 2.2%; and
carbohydrates, 69.2%. The quality of the standardized CFE was
determined by a validated HPLC method with an evaporative
light scattering detector (ELSD) (Virgona et al, 2010) using
forskolin (purity > 99%; Biomol, Plymouth Meeting, PA, USA) as
a standard. All other reagents were purchased from Wako Pure
Chemical Industries, Ltd (Osaka, Japan).

Animals

In all the experiments, male ICR mice, 5 weeks old (CLEA Japan,
Inc,, Tokyo, Japan), were kept at a constant temperature (23 =1
°C) with a 12-h light-dark cycle with free access to water and
the assigned diets for the length of each experiment. The mice
were housed in individual polypropylene cages after a 7-day
acclimatization period, maintained on an AIN93G semi-purified
diet (Oriental Yeast Co., Ltd,, Japan). On the seventh day of the
acclimatization, mice were divided into groups of six and were
given the experimental diets described later in this text. For all
mice clinical observations, body weights and food consumptions
were monitored and recorded every 2days throughout the
entire study. Mice were fasted overnight and were sacrificed
under pentobarbital anesthesia during the next day. Blood was
taken from the inferior vena cava with heparin as an anticoagu-
lant. The plasma obtained from each mouse was frozen at
—20°C until measurement (within 24 h). After blood collection,
the liver, kidney and visceral fat tissues were quickly removed
from each mouse and weighed. The excised livers samples were
fixed in 10% neutral-buffered formalin for histopathological
examination. 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 an ethical
committee. Efforts were also made to minimize the number of
animals as well as their suffering.

Diets

The experimental diets were formulated on the basis of the
abundance of a marker compound in CFE which is composed
of 10% forskolin. The experimental diets consisting of: (a) control
diet: AIN93G diet, composition of the diet was as in Reeves et al.
(1993); (b) CFE diets: consisting of a control diet supplemented
with 0.005-5% CFE, composition of the CFE diets were the same
as the control diet except that a portion of dextrin (0.005-5%)
was replaced with the corresponding amount of CFE; and (c)
forskolin diet: the control diet supplemented with 0.05% pure
forskolin (Biomol) replacing an equal amount of dextrin. The
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dose formulations were stored at approximately 4°C in a
refrigerator and were stable throughout the period of study.

Experimental Design

Three separate dietary CFE experiments were designed to
examine the dose, duration and role of its main constituent on
the hepatic function of mice.

Experiment 1: dose response effect of dietary CFE

Mice were randomly divided into five groups (n=6 in each
group) and were given either the control diet (AIN 93G) or a
control diet supplemented with 0.005%, 0.05%, 0.5% and 5%
CFE (nominally containing 5, 50, 500 or 5000 mg forskolin per
kg diet) for 3 weeks.

Experiment 2: time response and post treatment effect of CFE

Mice were given the control diet for up to 5weeks, or the 0.5%
CFE diet for 3 weeks (CFE groups) then switched to the control
diet for up to 2 weeks (post-CFE fed groups). Time response to
diet measurements (n=6 mice in each group) of liver marker
enzymes were performed at weeks 3, 4 and 5 for the control
groups, weeks 1, 2 and 3 for the CFE treatment groups, and at
weeks 4 and 5 for the post-CFE fed groups (post-CFE fed weeks
1 and 2, respectively).

Experiment 3: differential hepatic effects between intake of CFE and
its principal constituent

Mice were randomly divided into three groups (n=6) and were
given free access to either the control diet, 0.5%CFE diet or
0.05% forskolin diet for 3 weeks.

HPLC Analysis

Forskolin content in the CFE and experimental diets was quanti-
fied by validated HPLC-ELSD. Briefly, samples of CFE and diets
were accurately weighed into centrifuge tubes and sonicated
in 3ml of acetonitrile for 15min. After centrifugation the
supernatant was then transferred to a 25-ml volumetric flask.
The procedure was repeated two more times and the respective
supernatants combined. The sample supernatant (10pl) was
injected into a L column ODS 4.6 x 150 mm, 5-um particle size
(Chemical Inspection & Testing Institute, Tokyo, Japan) with a linear
gradient elution system of water/acetonitrile. The temperature
of the column was adjusted to 40°C and a flow rate of 1.0ml
min~". Column effluent was monitored by UV absorption at
210nm. The evaporator tube temperature of ELSD was set at
35°C and a nebulizing gas flow-rate of 3.0 bars [Shimadzu
HPLC-VP system, (Kyoto, Japan) coupled with double detectors
of UV (SPD-10A) and ELSD (ELSD-LT)].

Biochemical Analysis

Plasma biochemistry measurements of the following parameters
were determined according to the standard procedure (SRL Inc,
Tokyo, Japan); aspartate aminotransferase (AST), alanine amino-
transferase (ALT), alkaline phosphatase (ALP), calcium (Ca), phos-
phorus (P), sodium (Na), potassium (K) and chlorine (Cl).
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Histopathological Examination of Liver Sections

The fixed liver samples were embedded in paraffin and sections
of 3 um were subjected to haematoxylin and eosin (H&E) stain-
ing or sectioned at 10 um for staining with oil red O according
to standard procedures (Biosafety Research Center, Foods, Drugs
and Pesticides, Shizuoka, Japan). Each liver section stained with
H&E was microscopically examined for distribution of lesions
and fatty change, and oil red O for the evaluation of fatty
droplets. The lesion and fatty change (macro/microvesicular)
were graded semi-quantitatively 0-3, based on percent of
hepatocytes in sections which were affected as, O=none,
1 =slight (up to 33%), 2 =moderate (up to 66%) and 3 =marked
(> 66%). The histological evaluation of the liver sections was
performed blindly.

Statistical Analysis

The data were subjected to one-way analysis of variance (anova),
followed by Dunnett’s or Tukey’s multiple comparison tests where
appropriate. Results are presented as the mean = standard error
(SE) for the individual groups. Differences with P< 0.05 were
considered to be significant. Statistical analyses were performed
with Prism 5.04 (GraphPad Software, Inc., La Jolla, CA, USA).

Results

HPLC Analysis of Forskolin

Concentration of forskolin in both CFE and experimental diets
were calculated on the basis of the standard curve. The standard-
ized CFE contained 10.88% forskolin w/w. The forskolin levels in
CFE diets reflected the differences in dietary CFE supplementation
(Table 1) ranging from 0.47 to 556 mg per 100-g diet. The pure
forskolin diet was found to contain 55.2 & 0.3 mg of forskolin per
100-g diet.

Dose Response Effect of Dietary CFE

Both food consumption values and estimated daily intakes of CFE
in each group of mice were presented in Table 1, and their growth
indexes are depicted in Fig. TA. A slight but non-significant
decrease in daily food intake was observed in treated mice
(0.05-0.5% CFE groups); however, at the highest dose (5% CFE
group) significantly suppressed food intake and body weight were
noted. There were no statistically significant differences in the

CFE % (w/w) Analysed forskolin content

(mg per 100-g diet)

Values are expressed as means = standard error (SE).

*

Body weight (g)

Initial Final
0.0 0.0 339+038 387+1.6 497 £0.18 0
0.005 0.4940.05 333+04 395+4+1.0 45710.18 6.09
0.05 5.13+£0.12 333105 375+1.2 447 +0.16 61.2
0.5 546+08 33.64+0.6 372+15 450+0.16 612
5.0 556+1 333403 338+ 0.6% 4,03 +0.19%* 5915

** Denote significant differences from the control (0% CFE), P < 0.05 and P < 0.01, respectively.
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relative kidney weight and serum electrolytes such as calcium, po-
tassium, sodium, chloride or phosphorus considered attributable
to CFE treatment (data not shown). However, there were signifi-
cant dose-related increases of 92% and 210% in the relative liver
weight of the 0.5% and 5% CFE groups, respectively, compared
with the control (Fig. 1B). A significant reduction of body fat was
noted in the 0.05-5% CFE groups; the visceral fat weight was
reduced by over 60% at the highest treatment dose of CFE. Similar
to the results of substantial high liver weight, there were multiple-
fold increases in plasma AST, ALT and ALP enzyme activities
(Fig. 1C-E); these increases were statistically significant in the mice
receiving 0.5% CFE or greater.

Time Response and Post-Treatment Effect of CFE

As there were apparent treatment-related hepatotoxicity effects
of the 0.5% CFE dose as demonstrated by the significant eleva-
tion of liver marker enzymes, the same dose was then selected
for a 5-week time-course study. After 1 week of CFE treatment,
relative liver weight and visceral fat were approximately 75%
higher and 30% lower, respectively, compared with the baseline
(3 weeks) control group (Fig. 2A, B). These values remained at
similar levels for weeks 2 and 3; however, they were largely cor-
rected to the level of control by only 1 week of post-CFE treat-
ment. At 2weeks post-CFE, the relative liver and visceral fat
weights had recovered to be almost identical to the
corresponding control 5-weeks group. Elevation in the level of
liver marker enzymes were immediately evident after 1 week of
CFE treatment and remained higher than in controls for the
entire 3 weeks of CFE feeding. The effect of CFE on plasma
AST and ALT were maximal at week 2 (Fig. 2C, D) which
resulted in increases of approximately 130% and 375%, re-
spectively, compared with the week 3 control. Plasma ALP
(Fig. 2E) was moderately (but non-significantly) increased by
approximately 65% compared with the control group through-
out the 3-week CFE diet period. After 1 week of post-CFE treat-
ment, plasma AST, ALT and ALP levels were substantially restored
towards normal.

Differential Hepatic Effects Between Intakes of CFE and its
Principal Constituent (Forskolin)

Although all the constituents of the tested CFE involved in
hepatotoxicity are not known, forskolin is the quantitatively
important active component of CFE. The chromatographic

CFE intake (mg kg™ BW day™)

Food intake
(g mouse™ day™)
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Figure 1. Dose-dependent effects of Coleus forskohlii extract (CFE) on: body weight in mice fed the experimental diets (A); relative liver and visceral fat
weight (B); plasma markers of liver damage, aspartate aminotransferase (AST) (C), alanine aminotransferase (ALT) (D), alkaline phospatase (ALP) (E).
Values are given as the mean == standard error (SE). *P < 0.05, **P < 0.01, ***P < 0.001 significantly different from the control group.

fingerprint of pure forskolin (Fig. 3A) compared with that of the
CFE used in the present study (Fig. 3B) indicated that forskolin
was the major constituent amongst other components as
detected by HPLC-ELSD. Thus, the effect of treatment with for-
skolin alone was then studied using 0.05% of the pure compound
compared with the 0.5% CFE dose equivalent. Forskolin or CFE
had a minimal effect on weight gain; bodyweights were similar
amongst the control, forskolin and CFE groups with no statistical
difference (Fig. 3C), although the CFE group was marginally lower
over the whole duration of the experiment. There was no signif-
icant difference in average food intake between the control
(514+026gday”’ mouse™), forskolin (4.89+0.19gday™
mouse™') and CFE (4.94 4+ 0.25gday™ mouse™) treated groups.
Consistent with the dose and time response findings, CFE
showed significant multiple-fold elevation of liver marker
enzymes AST, ALT and ALP (increases of 130%, 415% and
258%, respectively; Fig. 3D). Also there was a significant increase
(99%) in relative liver weight and a significant reduction (29%) in
visceral fat in the CFE mice group (Fig. 3E, F). However, the

J. Appl. Toxicol. 2013 33: 924-932
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forskolin diet elicited either little or no effect compared with
the control; there were no treatment-related effects of forskolin
alone on liver marker enzymes or the relative liver weight. In fact
the relative visceral fat weight of forskolin-treated mice was
moderately (but non-significantly) 20% lower compared with
the control. Histological features of the representative views
(H&E and oil red O) and grading of liver sections are shown in
Figs 4, 5 and Table 2, respectively. The liver tissue of mice belong-
ing to the control and forskolin groups showed a normal histo-
logical architecture (Fig. 4A, B). However, CFE-fed mice exhibited
profound histological changes, predominantly microvesicular
fatty change in hepatocytes (Fig. 4C) and midlobular hypertrophy
including individual cell necrosis and cellular infiltration (Fig. 4D).
The livers of CFE mice exhibited a significant fatty change, single
cell necrosis of hepatocytes moderate with cellular infiltration
and hepatocellular hypertrophy (Table 2). In addition, oil red O
staining (Fig. 5C) indicated marked hepatocyte fat deposition
(stained red) in the liver tissue from CFE-treated mice but was
normal in control- and forskolin-treated mice (Fig. 5A, B).
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Figure 2. Time-dependent effects of Coleus forskohlii extract (CFE) on: relative liver weight (A); visceral fat weight (B); plasma markers of liver damage,
aspartate aminotransferase (AST) (C), alanine aminotransferase (ALT) (D), alkaline phospatase (ALP) (E). Values are given as the mean = standard error
(SE). *P < 0.05, **P < 0.01, ***P < 0.001 significantly different from the respective control group.

Discussion

Forskolin is one of the most extensively studied constituents of
the C forskohlii plant (Alasbahi and Melzig, 2012). Numerous
positive bioactivity in vitro results have been reported with little
in vivo results. Owing to the fact that the extract from the root of
C. forskohlii showed CYP induction behaviour in mice (Virgona
et al., 2012), comparatively in the present study, CFE was evalu-
ated for its hepatic effects of dose, duration of use and elucida-
tion of the role of its major constituent 'forskolin’ associated with
these effects. We clearly demonstrated that CFE induced dose
dependent hepatotoxicity; a significant effect was observed at
a dietary CFE concentration greater than or equal to 0.5% and

wileyonlinelibrary.com/journal/jat
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administration for longer than 1week. Even although CFE
produced decreased visceral fat tissue, it augmented not only
liver mass but also hepatic lipid accumulation. Strong support-
ing evidence from the parameters measured indicated that for-
skolin, the main active compound in CFE, was not responsible
for these events.

Anti-obesity effects by both decreased body weight gain and
fat accumulation after CFE consumption has previously been
demonstrated in ovariectomized rats (Han et al, 2005). In the
present study, a reduction of body weight gain was only ob-
served in the highest dose (5%) although the degree of actual
change was slight. This was considered at least partly to be
related to the initial decreased food consumption perhaps

J. Appl. Toxicol. 2013 33: 924-932
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Figure 3. HPLC-ELSD analysis (A, B): chromatogram of pure forskolin at 3.525 min (A); chromatogram from the extract of Coleus forskohlii showing
main forskolin peak at 3.525 min accompanied by 1, 2 and 3 unidentified components (B). Comparison of 0.05% pure forskolin diet with 0.5% Coleus
forskolli extract (CFE) diet (C~F): body weight (C); plasma markers of liver damage, aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phospatase (ALP) (D); relative visceral fat weight (E); relative liver weight (F). Values are given as the mean = standard error (SE). **P < 0.01,
**#p < 0.001 significantly different from both the control and forskolin groups.

because of a repellent smell/taste of CFE at this concentration.
Interestingly, extensive reduction in the visceral fat accumula-
tion at the expense of an almost doubling of relative liver weight
was seen in mice receiving 0.5% CFE but these phenomena did
not occur in the pure forskolin-fed mice. In fact, a slight ten-
dency towards decreased visceral fat mass, without any effect
on liver weight, of mice receiving forskolin alone was noted.
Thus, the effects of CFE on stored fat could be partially attrib-
uted to the lipolysis action of its forskolin content. Enhanced
lipolysis leading to fat loss by forskolin has been reported both
in vitro (Allen et al, 1986; Okuda et al, 1992) and in vivo (Han
et al, 2005). Obviously, impaired visceral adipose tissue
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development resulted in increased liver weight and thus the in-
ability of CFE to suppress body weight gain cannot be ruled out.
It appears that feeding CFE, especially at the highest dose, may
lead to the induction of a whole or partial lack of adipose tissue,
as in lipodystrophy or lipoatrophy. This quick collapse of
visceral adipose tissue development caused by CFE appears
to be reversible after only 1week of post-CFE treatment.

The measurement of the activities of plasma biochemical para-
meters such as AST, ALT, and ALP in CFE mice dramatically showed
several folds increase above the control. The transaminase
enzymes such as AST and ALT and other hepatic markers including
ALP are the most sensitive markers that play a major role in liver
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Figure 4. Representative histopathological changes of haematoxylin
and eosin (H&E) stained liver sections of mice (original magnification
40x). Normal histological appearance of liver tissue of control mice (A);
0.05% forskolin diet group, liver section also show no abnormalities (B);
liver sections of the 0.5% Coleus forskolli extract (CFE) diet group (C
and D) - showed microvesicular fatty change in hepatocytes (c), appar-
ent midlobular hypertrophy showing individual cell necrosis of hepato-
cytes, hepatocytes with cellular infiltration and clusters of foamy cells (D).

injury diagnosis (Sallie et al., 1991). Elevation of AST, ALT and ALP
activities in the plasma is the result of leakage from damaged cells
and therefore reflects hepatocyte damage which is strongly
associated with liver steatosis (Loria et al.,, 2005).

In parallel with the alteration of liver function markers, these
events were also confirmed by histological observation. In CFE
mice, significant hepatic toxicity, including necrosis, hypertrophy
and fatty change was observed. Hepatocyte fat accumulation
was qualitatively characterized by the intensity of oil red O
staining, which allows detection of lipid deposition. We found
that CFE-treated mice had strong oil red O staining intensity
indicating CFE caused predominantly microvesicular steatosis.
Floettmann et al. (2010) found that once livers had exceeded a
threshold weight of about 5.5% of total body weight that there
is a correlation between increased liver weight and the presence
of lipids analysed by oil red O staining intensities. In the present
study, the relative liver weight of CFE mice at 7% is well above
the threshold which further supports the fatty liver feature
found from the oil red O staining result. The relative liver weight
of forskolin-treated mice is about 4% and H&E and oil red O
sections revealed no evidence of any lesion or fatty livers.

Several previous studies have established the association
between impaired hepatic fat metabolism and the visceral fat
depot (Unger et al, 2010). Adipose tissue plays important roles
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Figure 5. Representative histopathological changes of Oil red O-
stained liver sections of mice (original magnification 40x). Control fed
(a); 0.05% forskolin-fed mice (b); 0.5% Coleus forskolli extract (CFE) fed
mice (c). Fat accumulation appears red in colour.

in metabolic homeostasis which include an inert storage site
for fat, and a major endocrine organ producing and releasing a
variety of important bioactive substances into the bloodstream
(Lara-Castro et al., 2007). Deficiency of visceral adipose tissue
has been associated with altered lipid metabolism most notably
lipid accumulation in tissues such as the liver (Unger et al,, 2010).
Adverse side effects as a result of a rapid and marked decrease
in fat stored in adipose tissue, namely, severe liver steatosis have
been reported in mice, and that the hepatic lipid accumulation is
a result of uptake of mobilized fatty acids (FA) from adipose tis-
sue and the liver's inability to sufficiently increase FA oxidation
and export of synthesized triglycerides (Clement et al., 2002;
Wendel et al, 2008). In the present studies, we demonstrated
that a profoundly abnormal decrease in body adiposity ob-
served in our CFE-fed mice drives fatty liver development clearly
visible by the oil red O staining of lipid droplets. However, how
the collapse of visceral fat mass by CFE triggers hepatocyte lipid
deposition resulting in fatty liver remains to be defined.

An increased uptake of fatty acid in hepatocytes is associated
with oxidative stress by overloaded mitochondrial beta-oxidation
and is often found together with significant generation of reac-
tive oxygen species, impaired exit of fatty acids and increased
progression of steatosis (Gaemers and Groen, 2006). In addition,
there is also a close relationship between steatosis and oxidative
stress with reduced hepatic levels of glutathione (GSH) (Ibdah
et al, 2005). GST are a superfamily of multifunctional detoxifica-
tion enzymes, which catalyze the conjugation of GSH to a wide
variety of electrophilic compounds. GST isozymes also exhibit
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Fatty change 1.0:£00
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GSH peroxidase activity and catalyse the reduction of hydroperox-
ides of fatty acids, and phospholipids (Frova, 2006). Previous stud-
ies have demonstrated that induction of the GSTs protected
against CCl4-induced hepatotoxicity in mice by catalysing the
decomposition of lipid hydroperoxides generated from oxidative
damage of cellular lipid molecules (Ohnuma et al, 2011; Yang
et al,, 2001). Also there is a clear manifestation of excessive forma-
tion of hepatic lipid peroxidation associated with the decline in the
levels of antioxidant enzymes including GST (Fukao et al,, 2004). In
our previous study (Virgona et al., 2012), we found that both CFE
and forskolin induced GST and CYP3A activities in the liver of mice.
Thus it is therefore conceivable that the forskolin moiety of CFE
enhanced GST to help mitigate the adverse effects that CFE had
on lipid storage in the liver. Su et al. (1999) reported that CYP3A
activity is highly responsive to relatively small changes in hepatic
lipids produced by dietary manipulation in a rat model of microve-
sicular steatosis.

The importance of visceral adipose tissue should be considered
as an integral component of the disorder, as evidenced in the 0.5%
CFE-fed mice; a reduction in visceral adipose tissue probably
influenced the regulation of hepatic lipid homeostasis in the liver
and led to hepatotoxicity with fatty liver. In the present study,
CFE extract promotes lipid accumulation in liver tissue at a dose
6 to 29 times higher than those generally reported for humans
(Godard et al., 2005; Henderson et al., 2005) based on the body
surface area normalization method (Reagan-Shaw et al, 2008).
Even if it is difficult to transfer the human doses to laboratory
rodents, we can reasonably state that the doses used in the
present study are high. In some human studies (Hori et al., 2009)
the risk of the development of non-aicoholic fatty liver disease
(NAFLD) increased with the number of high-risk GSTs genotypes.
Therefore, the increased possibility of NAFLD by the intake of
CFE products in humans should not be overlooked.

As mentioned above, the aetiology of the hepatotoxicity is still
unknown. However, one fact is certain that forskolin, the princi-
ple component of CFE, is not responsible for this hepatotoxicity.
HPLC-ELSD analysis of the constituents of the CFE extract
showed that additional peaks (marked as 1, 2 and 3, Fig. 3B),
albeit small, were present at the retention time of approximately
3 and 8 min. Therefore, further studies on the isolation of these
and possible other unknown constituents which may have a role
in CFE-induced fatty liver are needed.

In summary, the present results indicate that unknown com-
ponent(s) in CFE but not forskolin causes hepatotoxicity. The
hepatotoxicity is dose dependent, and more importantly has
quick onset which can be reversed within 1 week by withdrawal
of CFE. The feature of hepatotoxicity consisting of hepatocellular
damage and enzyme leakage resulted in elevated liver marker
enzymes. Histologically, CFE induces fatty liver. The present
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study also demonstrates an important effect of dietary CFE on ad-
iposity. Marked reductions in adipose mass probably contribute to
the abrupt and massive increase in liver size, hepatocellular injury
and liver steatosis. Further study on these observations should
provide mechanistic insight into the metabolic and molecular
mediators of adipose restriction and the occurrence of lipid
accumulation in the liver.
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