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Coleus forskohlii Extract Attenuates the Hypoglycemic
Effect of Tolbutamide in vivo via a Hepatic
Cytochrome P450-Mediated Mechanism

Kaori Yoxorant, Tsuyoshi CHisa, Yoko Saro and Keizo Umecak”

Information Center, National Institute of Health and Nutrition:
1-28-1 Toyama, Shinjuku-ku, Tokyo 162-8636, Japan;
* Corresponding author

This in vivo study in rats evaluated whether Coleus forskohlii extract (CF'E) taken orally intexr-
acted with tolbutamide, a hypoglycemic drug metabolized by CYP2C enzymes. Rats were fed 0%,
0.3%, 1% (wiw) CFE diet for 2 weeks, followed by 0% CFE diet for 1 day. They were then given 40
mg/keg tolbutamide by intragastric gavage. Blood glucose level was determined up to 6 h after tolbu-
tamide administration. CFE treatment increased total CYP content and various CYP subtypes in
the liver. In particular, increases in activity and protein expression were noted for the CYP2B, CY-
P2C, and CYP3A subtypes. CFE treatment dose-dependently attenuated both the hypoglycemic ac-
tion of tolbutamide at 6 h and the plasma concentration of tolbutamide. The activity of (S)-warfarin
T-hydroxylase, a CYP2C enzyme was negatively correlated with plasma tolbutamide level, which
also showed a negative correlation with the reduction of blood glucose level. These results indicate
that CFE induced hepatic CYPs in rats and attenuated the hypoglycemic action of tolbutamide via
a hepatic CYP2C-mediated mechanism.

(Received November 13, 2013)

Key words: Coleus forskohlii; tolbutamide; herb—drug interaction; hepatic CYP2C; hypoglyce-

mic action

Introduction

As consumers tend to believe that natural remedies
are safe, herbal and dietary supplements are often used
with prescribed drugs without disclosure to health care
providers, even by patients with chronic conditions”.
Herb—drug interactions are well characterized for some
herbs, such as St. John's wort, which induces cyto-
chrome P450 (CYP) and the intestinal transporter p-gly-
coprotein, thereby attenuating the pharmacological ac-
tion of various prescribed drugsZ). However, little is
known about other herbs. To ensure the safe use of pre-
scription drugs, it is important to elucidate whether
herbal ingredients interact with the drugs.

Coleus forskohlii is native to India, where it has been
used for centuries in Ayurvedic medicine to treat various
diseases of the cardiovascular, respiratory, gastrointesti-
nal, and central nervous systemsm . It contains a diter-
pene, forskolin, which is well known to increase c-AMP
concentration via activation of adenylate cyclase, result-
ing in various pharmacological actions™ % Therefore,
Coleus forskohlii extract (CFE) standardized to 10%
(wiw) forskolin is generally used as an ingredient in di-
etary supplements. Currently, CFE is used worldwide as

*umegaki@nih.go.jp

a weight loss dietary supplement, because forskolin has
been shown to increase both ¢-AMP accumulation and li-
polysis in fat cells® ”, and CFE reduces fat accumulation
in ovariectomized rats® and decreases body fat in over-
weight women and obese men”?,

In previous studies, we showed that feeding CFE to
mice markedly increased the total content and activities
of hepatic CYPs, and the estimated effective dose of CFE
was comparable to the intake from a commercially avail-
able dietary supplementm. We also reported that CFE
attenuated the anticoagulant action of warfarin via in-
duction of hepatic CYP2C, an enzyme involved in metab-
olism of active (S)-warfarin, and CFE dose-dependently
inhibited CYP2C activity in human and mouse micro-
somes in vitro'®. These findings strongly suggested that
CFE would interact with various prescribed drugs.

Inter-species differences in CYPs have been reported,
even between mice and rats™. It is unclear whether in-
duction of hepatic CYPs by CFE occurs in rats as well as
in mice, and whether interaction of CFE with prescrip-
tion drugs occurs in vivo. Thus, in the present in vivo
study we examined whether CFE treatment induced he-
patic CYPs in rats, and whether it interacted with tolbu-
tamide, a drug generally used to treat type 2 diabetes.

__76._
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Powdered CFE standardized to 10% (w/w) forskolin
was prepared as follows. Dried roots of C. forskohlii, ob-
tained from Bangalore in southern India, were crushed
and supercritically extracted with CO, gas. The for-
skolin-rich extract (20-30%) was mixed with dextrin to
give a forskolin concentration of 10%. These processes
were outsourced to Tokiwa Phytochemical Co., Ltd.
(Chiba, Japan). The CFE comprised: water, 5.6%; pro-
tein, 0.3%; lipids, 22.7%; ash, 2.2%; and carbohydrates,
69.2%. The HPLC chromatographic profile has been re-
ported elsewhere'”, and the analyzed contents of for-
skolin and 1,9-dideoxyforskolin in the CFE sample were
10.37% and 1.71%, respectively. CFE was added in the
proportions described below to an AIN93G semi puri-
fied-diet'”, which was purchased from Oriental Yeast
Co., Litd., Tokyo, Japan.

Chemicals for the measurement of CYP enzyme activi-
ties (resorufin, pentoxyresorufin, (S)-warfarin, 7-hy-
droxywarfarin, 7-ethoxycoumarin, testosterone, 6f-hy-
droxytestosterone, and corticosterone) and for the
analysis of tolbutamide in plasma (tolbutamide and
gliclazide) were obtained from Sigma-Aldrich Inc. (St
Louis, MO, USA). NADPH was purchased from Oriental
Yeast (Tokyo, Japan), while all other reagents were
purchased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan).

Animal experiments

Male Wistar rats, aged 4 weeks (CLEA Japan, Inc.,
Tokyo Japan), were housed in stainless steel wire-bot-
tomed cages at a constant temperature (22+17C) with a
12 h light—dark cycle. They had free access to water and
diet. After acclimation for 1 week, rats were divided into
three groups (6 rats per group), and fed assigned diets
(0% CFE as a control, 0.3% CFE and 1% CFE) for 2
weeks. They were then switched to the control diet for 1
day to minimize CFE content in the intestinal tract,
after which they were given a single dose of 40 mg/kg
tolbutamide by intragastric gavage. Blood was taken
from the tail vein at predetermined time points (0, 0.5,
1, 2, 8, 4, 5, 6 h) for blood glucose analysis, which was
performed with a Dexter Z II detector (Bayer Corp.,
Mishawaka, IN, USA). Immediately after the 6 h blood
sampling, the rats were anaesthetized with pentobarbi-
tal and exsanguinated from the descending aorta with a
heparinized syringe. The liver was removed and rinsed
with 0.9% (w/v) NaCl. The plasma and liver samples
were stored at —80C until analysis. All animal proce-
dures were in accordance with the National Institute of
Health and Nutrition guidelines for the Care and Use of
Laboratory Animals, and were approved by the ethical
committee of the National Institute of Health and Nutri-
tion (approval number and date: No. 0912, on April 14",
2009).

The preparation of liver microsomes and analysis of
CYP enzyme activity were performed by the methods de-
scribed previously'™. The specific substrates used to
evaluate subtype activities were: ethoxyresorufin O-
deethylase, CYP1AL; methoxyresorufin O-demethylase,
CYP1A2; pentoxyresorufin O-dealkylase, CYP2B; (S)-
warfarin 7-hydroxylase, CYP2C; and testosterone 63-hy-
droxylase, CYP3A. Protein concentrations were deter-
mined using a BCA protein assay kit (Pierce, Rockford,
IL, USA).

Western blot analysis of CYP enzymes was performed
as previously described'”. In brief, liver microsomes
were separated on a 10% sodium dodecyl sulfate-poly-
acrylamide gel (c-PAGEL"™; ATTO Co., Tokyo, Japan)
and blotted onte a polyvinylidene difluoride (PVDF)
membrane (Clear Blot membrane-p; ATTO Co.). The
membrane was blocked in 3% (w/v) non-fat milk (Santa
Cruz Biotechnology, Inc.) made up with Tris-HCl buff-
ered saline with 0.1% (v/v) Tween 20. Primary and sec-
ondary antibodies were diluted with blocking buffer. As
primary antibodies, CYP2B1/2B2 (sc-53242, Santa Cruz
Biotechnology, Inc., Dallas, Texas, USA), CYP2C6
(C0746, Sigma-Aldrich), CYP3A (sc-25845, Santa Cruz
Biotechnology, Inc.), and fB-actin (as a control, sc-47778,
Santa Cruz Biotechnology, Inc.) were used. Horseradish
peroxidase-labeled IgGs (sc-2005 and sc-2004, Santa
Cruz Biotechnology, Inc.) were used as secondary anti-
bodies. The membrane was incubated with antibodies
and developed using the enhanced chemiluminescence
detection system (BECL Western-Blot Kit; Amersham
Pharmacia Biotech Inc., Piscateway, NJ, USA) according
to the manufacturer’s protocol. Protein bands were ana-
lyzed with Imaged software (National Institutes of
Health, Bethesda, MD, USA).

Analysis of tolbutamide in plasma

As an internal standard, 250 pL of 1 N HCI, 100 pL of
gliclazide solution (30 pmol/L), and 3 mL of hexane—
ethyl ether (7 : 8, v/v) were added to 50 pL of plasma. Af-
ter extraction on a shaker for 5 min, the sample was
centrifuged at 1,800 Xg for 3 min at 4C. The upper layer
was transferred to another test-tube and evaporated un-
der a stream of nitrogen at 40C. The dry residue was
dissolved in 200 pL, of mobile phase (10 mM monobasic
sodium phosphate, pH 2.0 in methanol (45:55, v/v)),
and 50 pL. of the sample was subjected to HPLC as re-
ported by Leung et al. '® Al components of the HPLC
system were manufactured by Shimadzu Corporation,
Kyoto, Japan: these consisted of a pump (LC-10ADvp),
an auto-sampler (SIL-10ADvp), and a UV detector
(SPD-10Avp). Tolbutamide and the internal standard
were separated with an L-column ODS, 4.6 X250 mm, 5
pm particle size (Chemical Inspection & Testing Insti-
tute, Tokyo, Japan) at 307, using a flow rate of 1.0
mL/min, and detection of tolbutamide was performed at
230 nm. Intraday and interday precision {(coefficient of
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Table 1. Body weight, liver weight, plasma tolbutamide concentration, and food intake in rats administered Coleus forskohlii

extract (CFE) and tolbutamide

CFE 0% 0.3% 1%

Final body weight (g) 244,223 239.8:+3.3 [0.98) 246.8:6.2 [1.0]
Liver weight (%body weight) 3.084:0.070 3.22:0.086 [1.0] 3.65:0.06 [1.2]""
Plasma tolbutamide concentration (pmol/l.) 176.24:6.8 151,2:9.6 {0.86]" 83.4+9.3 [0.47]""
Average food intake (g/day) 18.2::0.22 18.2:40.15 [1.0] 18.2:0.36 [1.0]
Calculated CFE dose (mg/kg body weight) 0 26236 86071:11.8

Male Wistar rats werve fed a diet containing 0%, 0.3%, or 1% CFE for 2 weeks, and were then fed a control diet without CFE for 1
day. On the final day, the rats were administered 40 mg/kg tolbutamide (p.0.). Each value represents the mean and standard

exror (SE) for six rats.
": Significant difference (»<0.05) from the control group.
*: Significant difference (p<0.05) from the 0.3% CFE diet group.

variance, CV, %) were approximately 1.3% and 1.5%, re-
spectively.

Statistical analysis

Data are presented as mean and standard error (SE)
for individual groups and were statistically analyzed us-
ing one-way ANOVA with Tukey's multiple comparison
test. 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

Final body weight and average food intake did not dif-
fer among the three groups, but liver weight was in-
creased significantly in the 1% CFE group (Table 1). The
basal concentration of glucose did not differ among the
three groups; it was 6812.6 mg/dL for the 0% CFE
group (control), 757+4.1 mg/dL for the 0.3% CFE group,
and 76+2.6 mg/dL for the 1% CFE group. After tolbuta-
mide administration, blood glucose concentration de-
creased to reach a minimum at 4h, after which it in-
creased slightly (Fig. 1). In the 0.3% and 1% CFE groups
compared with the control group, the hypoglycemic ac-
tion of tolbutamide was weaker, and a significant differ-
ence was detected between the control group and 1%
CFE group at 6 h.

Total CYP content and various CYP activities were
analyzed in the liver. CFE induced increases in total
CYP content and the activities of various CYP subtypes
in a dose-dependent manner (Fig. 2). In particular,
marked induction was noted in CYP2B, CYP3A, and
CYP2C, which is responsible for tolbutamide metabo-
lism. Western blot analysis also showed that CFE en-
hanced the expression of CYP2B, CYP2C, and CYP3A at
the protein level (Fig. 8). The presence of two bands in
CYP2B suggested that a specific subtype of CYP2B
might have been induced by CFE treatment. Consistent
with the attenuated hypoglycemic action of tolbutamide,
the plasma concentration of tolbutamide was decreased
at 6 h in the CFE treatment group (Table 1). There was
a significant negative correlation between plasma tolbu-
tamide concentration and CYP2C activity, and also be-
tween tolbutamide concentration and reduction of blood
glucose level (Fig. 4).

-8 0%
3- 0.3%
o 1%

(mgldL)

Reduction of blood glucose level

‘Bc T T T T T T
0 1 2 3 4 5 6
Time (hr)
Fig. 1. Effect of Coleus forskohlii extract (CFE) on tolbut-

amide-induced hypoglycemic action in rats

Rats were fed a control diet containing 0%, 0.3%
or 1% CFE diet for 2 weeks, then all were fed the
control diet for 1 day, after which tolbutamide was
administered (p.o. 40 mg/kg body weight) to in-
duce hypoglycemia. Values represent mean and
standard error (SE) for six rats.

“: Significant difference from control diet.

Discussion

Tolbutamide is metabolized by CYP2C9 in humans
and by CYP2C1l in rats'”, but the activity of both en-
zymes can be evaluated as (S)-warfarin hydroxylase ac-
tivity'®. In the present study in rats, we observed an in-
teraction of CFE with tolbutamide in vivo, in terms of
hypoglycemia and induction of hepatic CYP2C. The
present findings are similar to those concerning the in-
teraction of warfarin and CFE in our previous study in
mice'”. CFE induced hepatic CYP3A-type enzymes as
well as CYP2C, and these two forms of CYP catalyze the
metabolism of about 70% of prescription drugs“”' o
Therefore, it is reasonable to speculate that CFE could
interact with various therapeutic drugs via induction of
hepatic CYPs.

Induction of hepatic CYPs was clearly detected in the
0.3% CFE group. In this group the calculated dose of
CFE was 262 mg/kg body weight, which corresponds to
about 40 mg/kg body weight in humans when estimated
by the body surface normalization method®”. In our pre-
vious studies, we showed that the marked induction of
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Fig. 2. Changes in hepatic total CYP content and activities in rats fed Coleus forskohlii extract (CFE, 0.8% or 1%) or a

control diet (0% CFE)

Values represent mean and standard error (SE) for six rats.

. Significant difference from control diet.
®. Significant difference from 0.3% CFE diet.
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Fig. 3. Changes in hepatic CYP protein expression in rats

fed Coleus forskohlii extract (CFE, 0.3% or 1%) or
a control diet (0% CFE)

CYPs by CFE was not due to forskolin, a well-known ac-
tive component of CFE, but was due to an as yet uniden-
tified substance'” that was soluble in ether™. As shown

in the present study in rats and our previous study in

mice, CFE induced various CYPs, suggesting a contribu-
tion of the pregnane X receptor to CYP induction. Ding
and Staudinger reported that 1,9-dideoxyforskolin,
which is a forskolin analog present in CFE, induced he-
patic CYPs®. At present, there is no evidence that
1,9-dideoxyforskolin is involved in the induction of CYPs
observed in the present study. For the safe use of CFE-
containing products, it will be important to identify the
CYP-inducing substance and to remove it or reduce its
concentration in CFE.

Hepatic-CYP-mediated herb-drug interaction has been
examined both in vitro using microsomes and in vivo in
animals and humans. However, findings of in vitro stud-
ies may not be applicable to the in vivo situation, in part
because of poor intestinal absorption of CYP-inducing
substances. Therefore, in vivo animal studies are consid-
ered more suitable, despite species differences. However,
it is important to consider the in vivo experimental con-
ditions. For example, we previously showed that pre-
treatment with Ginkgo biloba extract enhanced hepatic
CYP2C activity and attenuated the hypoglycemic action
of tolbutamide, while simultaneous administration of
Ginkgo biloba extract and tolbutamide enhanced this
hypoglycemic action'. This appears to be due to compet-
itive inhibition between the CYP-inducing substance
and tolbutamide for CYP2C, resulting in delayed metab-
olism and enhanced hypoglycemic action of tolbutamide.
Based on these findings, CFE-treated rats in the present
study were fed a control diet before tolbutamide admin-
istration to wash out CFE present in the intestinal tract.
This treatment protocol should minimize the competi-
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Fig. 4. Correlation between plasma tolbutamide concentration and a) CYP2C activity; b) reduction of blood glucose level in
rats fed Coleus forshohlii extract (CFE, 0.3% or 1%) or a control diet (0% CFE)

Data were taken from Table 1, 'igs. 1 and 2.

tive inhibition between the CYP-inducing substance and
tolbutamide for CYP2C. Tolbutamide is metabolized to
4-hydoroxytolbutamide and carboxytolbutamide®”. We
could detect only tolbutamide in the plasma at 6 h after
administration in the present study. This result is con-
sistent with a previous report which showed that tolbu-
tamide metabolites were detectable in urine but not in
plasma®. Even though we could not detect any increase
in tolbutamide metabolites, we observed a significant
decrease in plasma concentration of tolbutamide, an in-
crease in CYP2C enzyme activity, and a CFE dose-de-
pendent decrease in hypoglycemic action. These findings
indicate that pretreatment with CFE attenuated the hy-
poglycemic action of tolbutamide via induction of hepatic
CYP2C. In the present study, we focused on the CFE ef-
fect on the hypoglycemic action of tolbutamide., We could
not evaluate the pharmacokinetics of tolbutamide, such
as Chuy and Ty, because blood samples were insufficient
for simultaneous analysis of tolbutamide and glucose in
blood. Further study will be needed to characterize the
pharmacokinetics of tolbutamide after CFE treatment.

It is well known that forskolin, an active component of
CFE, directly activates adenylate cyclase and has vari-
ous pharmacological effects™”. Ahmad et al.” reported
that administration of 10 mg/kg body weight forskolin to
rats stimulated the release of insulin and glucagon from
the pancreatic islets, resulting in an increase in blood
glucose in an oral glucose tolerance test. In the present
study, we fed rats CFE containing 10% (w/w) forskolin:
the calculated dose of forskolin was 26 mg/kg body
weight in the 0.3% CFE group and 86 mg/kg in the 1%
CFE group. Basal blood glucose level before tolbutamide
administration did not differ among the control and the
two CFE-treated groups. We also confirmed no signifi-
cant effect of CFE treatment on basal blood glucose lev-
els in a separate study (data not shown). Little absorp-
tion of forskolin is reported to occur in the intestine®,
and we administered tolbutamide 1 day after cessation
of CFE feeding. Accordingly, any contribution of for-
skolin to the hypoglycemic action of tolbutamide in the
CFE-treated groups would be slight.

In our previous study, we showed that Ginkgo biloba
extract attenuated the hypoglycemic action of tolbuta-
mide via a hepatic CYP enzyme-mediated mechanism in
rats, and that the effect was more pronounced in aged
rats (19 months old) than in young rats (7 weeks old)™®.
Therefore, if we examine aged rats, the interaction of
tolbutamide with CFE might be more marked. CFE has
been used to treat cardiovascular disease in Ayurvedic
medicines), and concomitant use of CFE with cardiovas-
cular drugs could therefore be anticipated, particularly
in elderly people. As CFE strongly induced CYPs, inter-
action of such prescribed drugs with CFE might be ex-
pected in elderly people. Health professionals should
carefully monitor patients for adverse events related to
CFE-containing supplements and prescribed drugs.

Conclusion

CFE induced hepatic CYPs in rats and attenuated the
hypoglycemic action of tolbutamide vie induction of he-
patic CYP2C. No research has yet been done to examine
the interaction of prescribed drugs and CFE-containing
products in humans. Our results indicate that adverse
events might occur in CFE-supplement users, taking
prescription drugs. Further study seems necessary.
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