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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 in a
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!>**!
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
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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 0f 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 i1 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%.
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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, W1, 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)

Corn starch
Cellulose
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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 g/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-HCI 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
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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 ¢-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).

Resulits

High-performance liquid chromatography
profile of Coleus forskohlii extract

CFE is a natural plant product and the components may vary
dueto 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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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.
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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 S|

E, 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.

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.
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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)

yFinaI body weight (g) 344 +09 34107 33706 342 £0.7 35.0+0.5

Average dairy food intake (g) 4.9 = 0.07 49 x= 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.
5P < 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. 2P < 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. 2P < 0.05, compared with CFE (0%) with warfarin. °P < 0.05, compared with CFE (0.01%) with warfarin.

the last two days of the regimen did not affect such changes. (Table 3), but the plasma albumin concentration did not
The amount of dietary protein affected the groups that were differ between the two groups at any time. The magnitude of
not treated with warfarin; the effect was obvious in the group warfarin-induced blood coagulation parameters decreased in
administered with the low, compared with the normal,  the groups administered with CFE, but the effect of dietary
protein diet. However, the effect was less clear in the groups  protein was unclear (Figure 5). The decrease in blood antico-
treated with warfarin and CFE. Body weight was lower inthe ~ agulation parameters corresponded to the increase in CYP
group fed the low, rather than the normal, protein diet enzyme induction.
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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%j protein diet and warfarin (experiment 2)

Final body weight (g) 41

Li

(%/body weight) 3.86+0.14 391 +0.11 571021
S il

(Concentration, g/d) 326 =016 3.12+0.21 3.13+0.19
Average

Food intake (g) 482013 47011 46+006

8.01 = 0.48%

3.06 +0.24

4.6 x£0.10

3734022 438+031 499*0.05 5095=*0.14>

348 015 3.62+012 3.11x007 296 *0.18

48+004 47x006 48x006 46=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.

PT APTT
50 40
P o o
£ 20 £ E
[ = [
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0 0
Warfarin - + + + Warfarin - + + + Warfarin  — + + +
CFE(%) O 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)

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
(ICso) value of 7 and 9ug/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
an approximate Kivalue of 7.5 pig/ml. To clarify the contribu-
tion of forskolin on the inhibitory effect, 25 pg/ml of CFE and
2.5 ng/ml of forskolin, which was equivalent to the amount in
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

1798
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Figure 6 Inhibitory effect of Coleus forskohlii extract {CFE) on CYP2C
activity of mouse and human liver microsomes (experiment 3). CYP2C
activity was determined in presence of 0.75-75 ug/ml CFE. Values are
expressed as means and SE of four determinations.
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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 pg/mL of CFE in mouse liver
microsomes in vitro. Loaded 6'deoxyluciferin (Luciferin-H) concentra-
tions: @, 50 uM; B, 100 um; A, 200 uM; ¥, 400 puM. Points represent
means of three determinations.

in mouse and human microsomes were 75 * 1.3vs 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 a low-protein diet
should be determined. Our 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 in 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
CFE 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
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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 vive and inhibition
in vitro remains undefined.
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Estimation of Components which Induce Mice Cytochrome P450 in Coleus forskohlii Extract
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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-, cthyl 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 dicthy! 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 vitro. 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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