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Effects of Ginkgo Biloba Extract on
Pharmacokinetics and Pharmacodynamics
of Tolbutamide and Midazolam in Healthy

Volunteers

Shinya Uchida, PhD, Hiroshi Yamada, MD, PhD, Xiao Dong Li, MD, PhD, Shuji
Maruyama, MS, Yuki Ohmori, PhD, Tomomi Oki, PhD, Hiroshi Watanabe, MD, PhD,
Keizo Umegaki, PhD, Kyoichi Ohashi, MD, PhD, and Shizuo Yamada, PhD

This study was undertaken to clarify the influence of
repeated oral administration of Ginkgo biloba extract (GBE)
on CYP2C9 and CYP3A4. CYP2C9 probe (tolbutamide, 125
mg) and CYP3A4 probe (midazolam, 8 mg) were orally
administered to 10 male healthy volunteers before and after
GBE intake (360 mg/d) for 28 days, and they received 75 g
glucose after the dosing of tolbutamide. Plasma drug con-
centrations and blood glicose levels were measured. The
area under concentration versus time curve (AUC,_) for
tolbutamide after GBE intake was slightly but significantly
(16%) lower than that before GBE intake. Concomitantly,
GBE tended to attenuate AUC,, of blood glucose-lowering

effect of tolbutainide. AUC, , for midazolamn was significantly
(25%) increased by GBE intake and oral clearance was sig-
nificantly (26%) decreased. Thus, it is suggested that the
combination of GBE and drugs should be cautious in terms
of the potential interactions, especially in elderly patients
or patients treated with drugs exerting relatively narrow
therapeutic windows.

Ginkgo biloba extract; CYP2C9; CYP3A4;
pharmacokinetic interaction
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urrently, the consumption of dietary supple-
ments containing botanical products and foods is
growing at a remarkable speed, in terms of the promo-
tion of health or prevention and therapy of diseases.
In particular, elderly people frequently take dietary

From the Departments of Pharmacokinetics and Pharmocodynamics,
Center of Excellence Program in the 21st Century (Dr Uchido, Ms
Maruyama, Dr Ohmori, Dr Oki, Dr S. Yomada) and Division of Drug
Evaluotion and Informatics (Dr H. Yamada), School of Pharmaceutical
Sciences, University of Shizuoka, Shizuoka, Jopon; Department of Clinical
Pharmacology & Therapeutics, Homamatsu University School of Medicine,
Homamatsu, Jopan (Dr Li, Dr Watanabe); National Institute of Health ond
Nutrition, Tokyo, Jopan {Dr Umegoaki); ond Depariment of Clinicol
Pharmacology & Therapeutics, School of Medicine, Oita University, Oita,
Japan (Dr Ohashi). Submitted for publication May 1, 2006; revised ver-
sion accepted June 29, 2006. Address for correspondence: Shizuo
Yamada, PhD, Departments of Pharmacokinetics and Pharmacodynamics
and Center of Excellence Program in the 21st Century, School of
Pharmaceuticol Sciences, University of Shizuoka, 52-1 Yoda, Suruga-ku,
Shizuoka, 422-8526; e-mail: yomada@ys7.u-shizucka-ken.ac.ip.

DOI: 10.1177/0091270006292628

1290 « J Clin Pharmacol 2006;46:1290-1298

supplements with prescribed drugs.’” Recent stud-
ies have indicated that as many as 16% of prescribed
drug users consume herbal dietary supplements.?
With the widespread use of herbal dietary supple-
ments, the risk of herb-drug interactions is a growing
medical concern.* The possible interactions would
occur in aspects of pharmacokinetics and phar-
macodynamics of drugs,®® such as absorption in
small intestine, metabolism in the intestine and
liver, distribution to target organs, transport across
cell membrane, and binding to specific receptors.
Among these interactions, induction and inhibi-
tion of drug-metabolizing enzymes by herbal med-
icines or dietary compounds have been investigated.
As a well-known example, St John’s Wort, an herbal
medicine applied for mild depression, has been
shown to decrease the blood concentrations of drugs
such as cyclosporine, tacrolimus, and midazolam by
inducing particularly cytochrome P450 (CYP) 3A4
activity”® and thereby could attenuate the efficacy of
drugs. On the other hand, grapefruit juice has been
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reported to increase oral bioavailability of coadminis-
tered drugs, such as 1,4-dihydropyridine calcium
channel antagonists, benzodiazepines, antihistamines,
and cyclosporin, due to a significant inhibition of
both metabolism by CYP3A4 enzyme and excretion
through P-glycoprotein in the gastrointestinal tract.'®"

Ginkgo biloba extract (GBE} has been used in
traditional Chinese medicine for thousands of years
and contains ginkgo flavonol glycosides and ter-
penoids.®™ Ginkgo biloba extract is easily available
both as an over-the-counter herbal supplement in
Japan and the United States and as a prescribed drug
in some European countries. In clinical practice, it
is used mostly for neurological, psychological, and
behavioral disorders. Some randomized control trials
have shown that oral ingestion of GBE over 24 to 26
weeks compared with placebo improves cognitive
function in patients with Alzheimer’s disease or vas-
cular dementia. The interaction between GBE and
prescribed drugs remains controversial. The previous
in vitro study indicated that constituents of GBE inhib-
ited drug-metabolizing enzymes including CYP1A2,
CYP2C9, CYP2(C19, CYP2D6, and CYP3A4." On the
other hand, another study reported that the principal
components of GBE preparations in clinical use did
not significantly inhibit human CYPs.’® Furthermore,
clinical studies have shown that GBE had little effect
on pharmacokinetics and pharmacodynamics of war-
farin in healthy volunteers'” and on warfarin dosage in
stable, long-term warfarin-treated patients.’® Previous
clinical studies have been performed by oral adminis-
tration of GBE for relatively short periods (1-2 weeks)
and/or at dose of 120 to 240 mg/d."”?* There is little
information to indicate the effect of a rather high dose
of GBE that is administered for a long period com-
pared to these in the previous trials on pharmaco-
kinetics and pharmacodynamics of drugs. Thus,
the present study was designed to assess the influ-
ence of repeated treatment with a relatively high dose
(360 mg/d) of GBE on the activities of CYP2C9 and
CYP3A4 for 28 days. We investigated pharmacoki-
netics of tolbutamide and midazolam, with respect
to in vivo probe substrates of CYP2C9 and CYP3A4,
after repeated treatment with GBE in healthy volun-
teers. In addition, the hypoglycemic effect of tolbu-
tamide in these subjects was determined.

METHODS
Subjects
Ten male healthy volunteers (mean + SD: age, 24.9 +

2.6 years; body weight, 68.6 = 7.1 kg) participated in

DRUG INTERACTIONS

this study after they had given written informed
consent. All subjects were Japanese and in good health
as indicated by medical history, routine physical
examination, and clinical laboratory tests. There
were 9 subjects with extensive metabolizer geno-
types of CYP2C9 (CYP2C9*1/*1) and 1 subject with
CYP2C9*1/*3 genotype. All subjects were nonsmok-
ers, ate a normal diet, and did not take prescription or
nonprescription medications and botanical dietary
supplements. The study protocol was approved by the
Ethics Committee of Hamamatsu University School of
Medicine, Hamamatsu, Japan.

Study Design

In the pretrial phase, following overnight fasting,
each subject orally received a standardized 75-g glu-
cose solution (Trelan-G; Takeda Pharmaceutical Co,
Osaka, Japan). Blood samples were drawn at 60, 45,
30, and 15 minutes before the intake of glucose and
0, 15, 30, 45, 60, 75, 90, 105, 120, 150, and 180 min-
utes after the intake, and blood glucose concentra-
tions were quantified by an electrochemical method
with FreeStyle Blood Glucose Testing system (Kissei
Pharmaceutical Co, Nagano, Japan). After 2 weeks,
following overnight fasting, each subject was admin-
istered an oral dose of 125 mg tolbutamide (Rastinon;
Aventis, Frankfurt, Germany} at 9 am. At 1 hour after
the administration of tolbutamide, they received an
oral dose of 8 mg midazolam {Dormicum; Yamanouchi
Co, Tokyo, Japan) and 75 g glucose. Blood samples
were drawn at 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, and 24
hours after the administration of tolbutamide, urine
samples were collected up to 24 hours after dosing,
and blood glucose concentrations were quantified
as described above. From the next day, each subject
took an oral dose of 360 mg/d GBE, which was an EGb
761 formulation manufactured by Dr Willmar Schwabe
Company (WSG & Co) distributed by Nature's Way
Products (Springville, Utah) under the trade name
Ginkgold, as 2 tablets (120 mg) of 60 mg GBE 3 times
aday (8 am, 12 am, and 8 pMm) for 28 days. Ginkgo biloba
extract tablets were standardized to the content of
24% Ginkgo flavone glycoside and 6% terpene lac-
tone. This product was chosen for study because of its
high degree of standardization and its use in pub-
lished clinical trials. After the treatment with GBE,
subjects received tolbutamide, midazolam, and glu-
cose; blood and urine samples were collected in the
same protocol as the previous phase. Plasma samples
were isolated from blood samples by centrifugation.
Plasma and urine samples were stored at —80°C until
the concentrations of drugs were determined.
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Analytical Methods

Determination of tolbutamide and 4-hydroxytolbu-
tamide in plasma and urine. The concentrations of
tolbutamide and 4-hydroxytolbutamide in plasma
and urine were measured by high-performance lig-
uid chromatography (HPLC) method of Csillag et al*®
with minor modification. Briefly, 0.25 mL of 1 N
hydrochloride and 3 mL of n-hexane:ethyl ether
(7:3, volume/volume [v/v]) were added to the plasma
or urine sample (0.25 mL) containing gliclazide (1 pg)
as internal standard. After being shaken, the mixture
was centrifuged at 3000g for 3 minutes. The organic
phase was transferred to the glass tube and evapo-
rated under nitrogen stream of gas at 40°C in water
bath. The dry residue was dissolved in 200 pL solvent
A (acetonitrile, methanol, and 0.1% acetic acid; 16:4:80
v/v) and used as HPLC sample. The HPLC analysis
was constructed with a pump (CCPS, Tosoh Co,
Tokyo, Japan), a UV detector (UV8020, Tosoh Co)
and injector (AS-8020 Tosoh Co). The analysis was
performed on an ODS analytical column (150 x 4.6-
mm internal diameter) with a 5-um particle size
(Atlantis dC18, Waters Corp, Milford, Mass). The
mobile phase for assay consisted of solvent A and
solvent B (acetonitrile and 0.1% acetic acid; 50:50
v/v) at a flow rate of 1 mL/min. The drugs were
eluted from 0 to 25 minutes by using solvent A, and
then the linear gradient of solvent B from 0% to
100% was applied on the column from 25 to 45 min-
utes. The HPLGC column was maintained at 40°C,
and the column eluent was monitored at a wave-
length of 235 nm. The limit of detection was 0.1
ug/mL for tolbutamide and 10 ng/mL for 4-hydroxy-
tolbutamide. Interassay coefficients of variation (CV)
were less than 14.2% for tolbutamide and 14.2% for
4-hydroxytolbutamide.

Determination of midazolam and 1’-hydroxymida-
zolam in plasma. The concentrations of midazolam
and 1’ -hydroxymidazolam in plasma were measured
by HPLC as previously described with minor modi-
fication.* Briefly, 1 mL of 1 M sodium phosphate
buffer (pH 9) and 3 mL of diethyl ether:methylene
chloride (7:3, v/v) were added to the plasma sample
(1 mL) containing nitrazepam (1 pg) as internal stan-
dard. After being shaken, the mixture was cen-
trifuged at 3000g for 5 minutes. The organic phase
was transferred to the glass tube and evaporated
under nitrogen stream of gas at 40°C in water bath.
The dry residue was dissolved in 200 uL mobile
phase and used as HPLC sample. The HPLC analysis
was constructed with a pump (CCPS, Tosoh Co), a
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UV detector (8020UV, Tosoh Co), and injector {AS-
8020 Tosoh Co). The analysis was performed on an
ODS analytical column (150 x 4.6-mm internal diam-
eter) with a 5-pm particle size (Atlantis dC18, Waters
Corp). The mobile phase for assay consisted of ace-
tonitrile, methanol, 1% sodium acetate, and tethrahy-
drofuran (14:24:60:2, v/v) at a flow rate of 1 mL/min.
The HPLC column was maintained at 40°C, and the
column eluent was monitored at a wavelength of 245
nm. The limit of detection was 1 ng/mL for midazo-
lam and 1*hydroxymidazolam. Interassay CV were
less than 20.9% for midazolam and 13.8% for 1’-
hydroxymidazolam.

Data Analysis

Pharmacokinetic parameters for tolbutamide, 4-
hydroxytolbutamide, midazolam, and 1"-hydroxymi-
dazolam were estimated by noncompartmental analysis
from the concentration-time profile in plasma. The
elimination half-life (t,,) during the log-linear termi-
nal phase was calculated from the elimination rate
constant determined by linear regression analysis,
and the area under the concentration-versus-time
curve (AUC, ) was calculated by trapezoidal rule for
the observed values and subsequent extrapolation to
infinity. The oral clearance (CL/F) was calculated as
dose/AUC,... The maximum plasma concentration
(C,,..) was estimated directly from observed plasma
concentration-time data. The metabolic ratio of
tolbutamide, defined as the ratio of amount for 4-
hydroxytolbutamide to tolbutamide, was estimated
in the 24-hour postdose urine collection. To compare
the pharmacodynamic effect of tolbutamide before
and after the intake of GBE, the area under the
concentration-versus-time curve (AUC,) for changes
of blood glucose levels was calculated by trape-
zoidal rule from 0 to 120 minutes.

Statistical Analysis

All data are presented as mean = SD or mean with
95% confidence interval (CI) in the text and tables.
In figures, data are presented as mean = SE. Statisti-
cal analysis of all data was performed by paired t
test. The level of statistical significance was accepted
at P < .05.

RESULTS
All subjects completed the study. They experienced

no adverse events, and the oral administration of a
high dose of GBE for 28 days and all blood-drawing
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Figure 1. Plasma concentration versus time curves of tolbutamide (A) and 4-hydroxytolbutamide (B) following single oral administra-

tion of tolbutamide (125 mg) before and after repeated treatment with Ginkgo biloba extract (360 mg/d) for 28 days in healthy volun-

teers. Each point represents mean * SE of 10 subjects.

procedures were well tolerated. After the completion
of the protocol, all subjects had normal follow-up
laboratory indices.

Effects of GBE on Pharmacokinetics
of Tolbutamide

Figure 1 shows the mean plasma concentration-time
profiles of tolbutamide and 4-hydroxytolbutamide
in healthy volunteers before and after repeated oral
administration of GBE. The plasma concentrations
of tolbutamide reached the maximum at 2 hours
after oral administration of the drug and then grad-
ually decreased (Figure 1A). Plasma level of 4-
hydroxytolbutamide reached the maximum levels at
2 to 4 hours after the administration (Figure 1B).
The pharmacokinetic parameters of tolbutamide and
4-hydroxytolbutamide in plasma were calculated
from these time-concentration profiles. As shown in
Table I, AUC, . of tolbutamide was decreased sig-
nificantly (16%) by the treatment with GBE. There

DRUG INTERACTIONS

were no significant differences in other phar-
macokinetic parameters. In C_,. and AUC,_ for 4-
hydroxytolbutamide, there were no significant differ-
ences between before and after oral administration
of GBE. The ratio of AUC,_, for tolbutamide to 4-
hydroxytolbutamide in plasma was significantly
(17%) reduced by the treatment with GBE. The
metabolic ratio for tolbutamide in urine was not
altered by the treatment with GBE.

In the subject with CYP2C9*1/*3 genotype, AUC,
of tolbutamide was 2-fold higher than that of subjects
with CYP2C9*1/*1, whereas the similar decrease of
AUC, , after GBE treatment was obtained among
both genotypes of CYP2C9 (data not shown).

Effects of GBE on Pharmacodynamics of
Tolbutamide

To evaluate the influence of repeated oral adminis-
tration of GBE on pharmacodynamics of tolbutamide,
the blood glucose level was measured after oral admin-
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Table I Pharmacokinetic Parameters of Tolbutamide and 4-hydroxytolbutamide Following Single
Oral Administration of Tolbutamide (125 mg) Before and After Repeated Treatment With GBE
{360 mg/d) for 28 Days in Healthy Volunteers

Pharmacokinetic Parameters Before GBE After GBE Mean Difference (95% CI) P
Tolbutamide
C,pap Hg/mL 16.3 + 4.6 14.0 + 4.9 -2.2 (6.6, 2.9) 2822
t,» h 7.70 = 2.22 7.10 = 1.20 -0.60 (~1.8, 0.64) .3033
AUCO_Q, h-ug/mL 179 £ 65 150 = 35 -29 (~57,0.2) .0489
CL/F, nlL/h/kg 11,1+ 2.9 12.5 = 1.8 1.4 (-0.28, 3.0) .0932
4-hydroxytolbutamide
C,ax DE/ML 29472 287 x 88 -6.5 (-97, 84) 8747
AUCo_w, h«ug/mL 4.11 = 1.04 4.14 + 0.85 0.02 (~0.73, 0.77) 9472
AUC, pamide! AUC, 1yaronytalbutamide 44.7 = 11.9 37.2+ 9.6 -7.5 (13.5, -1.5) .0203
Metabolic ratio 155 + 41 177 + 32 21.3 (—19.8, 59.4) .2384

Each value represents mean = SD of 10 subjects. GBE, Ginkgo biloba extract; Cl, confidence interval; C,,, peak plasma concentration; t,,, elimination
half-life; AUC, ... area under concentration-versus-time curve, CL/F, oral clearance.
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Figure 2.

(A) Effects of repeated treatment with Ginkgo biloba extract (GBE) on increases of blood glucose levels after oral intake of

a standardized 75-g glucose solution with and without tolbutamide administration in healthy volunteers. Subjects received glucose in
pretrial phase, and they received glucose afier single oral administration of tolbutamide (125 mg) before and after the treatment with
GBE (360 mg/d) for 28 days. (B) Area under concentration-versus-time curve of increase in blood glucose levels in pretrial phase, before
and after the treatment with GBE. The AUCs were calculated from the data in Figure 2A. Each column represents mean + SE of 10

subjects.

1294 o J Clin Pharmacol 2006;46:1290-1298



GINKGO BILOBA EXTRACT AFFECTS DRUG PHARMACOKINETICS

A B
40 A~ 15 =
- -
g E 10 -
=) &
£ £
c c
2 20 2
g g
T =
] @
g g 5 -
8 /<3
(8] O
10
0 & T T 1 0 T T 1
0 3 6 9 0 3 3 9
Time (h) Time (h)
| —@— After GBE —O— Before GBE | —@— Alter GBE —O— Before GBE
Figure 3. Plasma concentration versus time curves of midazolam (A) and 1'-hydroxymidazolam (B) after single oral administration of

midazolam (8 mg) before and after repeated treatment with Ginkgo biloba extract (360 mg/d) for 28 days in healthy volunteers. Each

point represents mean = SE of 10 subjects.

istration of tolbutamide in healthy volunteers. In
each phase of this study, the blood glucose level was
increased after the intake of glucose. The glucose
level reached the maximal level at 45 minutes after
the intake and returned to the basal levels at 180 min-
utes (Figure 2A). AUC,, for increase of blood glucose
level from 0 to 120 minutes after the intake of glucose
was 5870 = 1260 min-mg/dL, and AUC of blood glu-
cose level was lowered to 4830 + 1380 min-mg/dL by
the tolbutamide administration (Figure 2B). The GBE
treatment tended to attenuate the AUC of blood glu-
cose lowering effect of tolbutamide (4830 min-mg/dL
vs 5510 min-mg/dL; P = .1012; mean difference, 680
min-mg/dL; 95% CI, ~160 to 1540), although it was
not statistically significant.

Effects of GBE on Pharmacokinetics of Midazolam
Figure 3 shows the time courses for plasma con-
centrations of midazolam and its metabolite, 1’-

hydroxymidazolam after repeated oral administration
of GBE in healthy volunteers. The GBE treatment

DRUG INTERACTIONS

caused an increase in the plasma concentration of
midazolam (Figure 3A) but little change in the 1’-
hydroxymidazolam level (Figure 3B). AUC,_ was sig-
nificantly (25%) increased by the GBE treatment and
oral clearance was significantly (26%) decreased
(Table II). The t,, and other parameters were not sig-
nificantly changed by GBE. Furthermore, GBE did
not significantly affect C .. and AUC, _ of 1-hydrox-
ymidazolam and the AUC,  ratio of midazolam to
1’-hydroxymidazolam (Table II).

DISCUSSION

The present study was undertaken to investigate the
effects of oral administration of GBE for 28 days on
pharmacokinetics of tolbutamide and midazolam
in healthy volunteers. It has been shown that the
treatment with GBE significantly decreased both
AUC, ., of tolbutamide and the ratio of AUC,_, of
tolbutamide to 4-hydroxytolbutamide. Concomitantly,
the GBE treatment tended to reduce the hypo-
glycemic effect of tolbutamide. In contrast, AUC
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Table II Pharmacokinetic Parameters of Midazolam and 1-hydroxymidazolam Following Single
Oral Administration of Midazolam (8 mg) Before and After Repeated Treatment With GBE
(360 mg/d) for 28 Days in Healthy Volunteers

Pharmacckinetic Parameters Before GBE After GBE Mean Difference (95% CI) P
Midazolam
C,pae g/mML 28.3 +14.1 34.0+9.7 -5.7 (~13.5, 2.03) 1293
t,, h 2.87 +1.59 3.47 £1.53 -0.47 (-1.56, 0.62) .3540
AUCO_M, h~ng/mL 167 £ 104 208 £ 101 -36 (-60, —13) .0062
CL/F, L/h/kg 0.865 £ 0.357 0.639 + 0.208 0.224 (0.08, 0.37) .0072
1’-hydroxymidazolam
C,,. Ng/mL 9.34 £4.41 8.82 + 5.34 0.52 (~1.32, 2.36) 5401
AUCO_M, h-ng/mL 41.6 £19.4 43.1+24.5 -1.5 (8.2, 5.2) .6255
AUC,dus0imm! BUC, b yaroxgmidazatam 5.02 + 3.66 5.94 + 3.67 ~0.91 (~2.00, 0.17) .0885

Each value represents mean = SD of 10 subjects. GBE, Ginkgo biloba extract; CI, confidence interval; C,,,,, peak plasma concentration; t,, elimination

half-life; AUC

‘e

of midazolam was significantly increased by the
repeated administration of GBE and oral clearance of
this drug was decreased.

The gingko product chosen for the present study
contained the standardized Gingko Biloba extract,
EGb 761, which has been investigated in published
clinical trials.’19%%7 To clarify the effect of GBE on
pharmacokinetics and pharmacodynamics of tolbu-
tamide and midazolam, healthy volunteers were
treated with GBE at an oral dose of 360 mg/d for 28
days, being a higher dose and longer period than those
of GBE previously reported.”"* All subjects toler-
ated GBE well during the study.

Tolbutamide is a first-generation oral sulfonylurea
hypoglycemic agent that is still used frequently for
the treatment of type 2 diabetes mellitus in many
countries. It is metabolized to 4-hydroxytolbutamide
by CYP2C9 in the liver. This is the rate-limiting step
in its metabolism.?®*® In this study, AUC,_, of tolbu-
tamide after GBE intake was significantly lower than
that before GBE intake. In addition, the ratio of AUC,_,
of tolbutamide to 4-hydroxytolbutamide was signifi-
cantly reduced by the treatment with GBE. Such
change of tolbutamide pharmacokinetics appears to
be consistent with our previous animal study that
the activity of CYP2C9 (or CYP2C6 in rats), evalu-
ated by (s)-warfarin 7-hydroxylation in young and
aged rats was significantly (2.1- and 4.7-fold, respec-
tively) increased by repeated oral administration of
GBE for 5 days.* Thus, there is a possibility that
GBE treatment induces CYP2C9 in healthy volun-
teers as well as in rats, resulting in significant decrease
of AUC,., of tolbutamide and its AUC,_, ratio to 4-
hydroxytolbutamide. In addition, tolbutamide is
highly protein bound, and previous interaction stud-
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, area under concentration-versus-time curve, CL/F, oral clearance.

ies have shown that the mechanism by which oral
clearance was increased was due to an increase in the
percentage unbound.* In this context, additive effects
of other factors such as changes in protein binding
affecting drug disposition cannot be ruled out.

There was a tendency of attenuation of hypo-
glycemic effect of tolbutamide after the long-term
treatment with GBE. In this connection, our previous
study has clearly shown that continuous oral admin-
istration of GBE in rats significantly attenuated the
hypoglycemic action of tolbutamide and that the
influence of GBE was greater in aged rats than that in
young rats.’® These findings, therefore, suggest that
coadministration with GBE could be associated with
decreased plasma concentration of tolbutamide in
patients with diabetes, resulting in a decreased hypo-
glycemic effect. However, we cannot exclude the
possibility that GBE has an independent effect on
glycemic control caused by a possible stimulatory
effect on pancreatic B-cell function and increased
insulin metabolic clearance.?? Very recently, it has
been reported that GBE did not affect the pharmaco-
kinetics and pharmacodynamics of warfarin'” and
flurbiprofen,? which are also predominantly metab-
olized by CYP2C9 in healthy subjects. The flur-
biprofen study involved acute administration of GBE
(3 times of 120 mg), so an inductive effect would not be
detected. However, the warfarin study involved 7
days of GBE administration and found absolutely no
effect on S-warfarin pharmacokinetics. The effect is
also not consistent from pharmacokinetic perspec-
tive with the case reports in which bleeding effects
were reported.®** The enhanced anticoagulant effect
could be due to other mechanisms such as effects on
platelets. Although the reason for the difference from
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our data is unclear, it may be, in part, due to the
period of treatment and also to the substrate differ-
ence between tolbutamide and these drugs.

In contrast to the pharmacokinetics of tolbutamide,
the metabolism of midazolam might be inhibited by
the repeated treatment with GBE. AUC,_, of midazo-
lam was significantly increased and oral clearance
was decreased by the treatment with GBE. It is con-
sidered that midazolam is predominantly metabo-
lized to 1"-hydroxymidazolam by CYP3A4 and thus
this drug is referred to as an in vivo marker of
CYP3A4 activity.®% It is, therefore, considered that
oral administration of GBE for 28 days may inhibit
CYP3A4, thereby resulting in the increased plasma
concentrations of midazolam. Ohnishi et al*® has
shown that GBE increased oral bioavailability of dil-
tiazem, a typical substrate for CYP3A, in rats by
inhibiting both intestinal and hepatic metabolism
via a mechanism-based manner. In spite of the
increased AUC,_ of midazolam, the t, of the drug
was little altered by the treatment with GBE in
healthy volunteers (Table II). Thus, it is considered
that the increase in oral bioavailability of midazolam
and/or the inhibition of CYP3A4 activity may be
induced by the repeated treatment with GBE. An
increase in AUC of midazolam without a change in
half-life after the treatment with grapefruit juice has
also been reported.”” These results should be due to
the inhibition of intestinal metabolism by higher con-
centration of the interacting substance in the intestine.

Although a significant interaction was observed
between midazolam and GBE in this study, ginkgo
constituents have been suggested to both inhibit and
paradoxically induce CYP3A4, depending on the study
design.*** Our data are agreeable with the prelimi-
nary observation by Smith et al** who showed 53%
increase in the mean plasma concentration of nifedip-
ine at the peak time after the administration in healthy
volunteers receiving repeated treatment with GBE
(120 mg/d) for 18 days, being suggestive of CYP3A4
inhibition. On the other hand, Markowitz et al'®
revealed a tendency toward decrease in AUC of alpra-
zolam after 14 days’ administration of GBE (240 mg/d).
In contrast to these findings, Gurley et al*’ showed that
repeated treatment with GBE (240 mg/d} for 28 days
produced little significant changes in the ratio of
serum 1°-hydroxymidazolam/midazolam 1 hour after
oral administration of midazolam. However, these
authors have determined serum concentrations of
midazolam and the metabolite only at one time point.
Such distinction in the GBE effect between investiga-
tors may result from the study design (dose and treat-
ment period of GBE), probe drugs used to monitor
CYP3A4 activity, and/or racial difference.

DRUG INTERACTIONS

In conclusion, the present study suggests that the
combination of GBE and drugs should be cautious in
terms of the potential interactions, especially in
elderly patients or patients treated with drugs with
relatively narrow therapeutic windows.
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Ry R—-VHEZE (7«4 FAFUER) &/ aFVvy
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REMEHEZ LR UCBARRRICBNTE, BERE
BEOHBERERGESFEHEZRL, /aFV v REmi
TROMEHEEEIC T BEERIZ 7« T ATV RICHREE
KEFRT 3T LAREENTVS Y, & BICERHEE
ETHBHF M Iu—LP450 (CYP) IK$ 3/ aFy
Y VBEMEBROBEIIOWVT, 1240EEZCHL
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OHEEAOTEERR DTN EERELTVS ©,

CHET/aFU vV EEMERZ, BRAELDS
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HEO/ aF¥ YU v REEMERZROMCER LSS
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FE, £/ aF) v VREREROESRENCLZL
SHUPERREOHADR - HEEREZZD X DEFHE
TRZNRINEEN D,

3 AFavEIFX

31 A FavEIFRERNBEREER
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D, FERHATIERZOEFRVEIMREPCTETR
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(360 mg) % 28 BEREROBELIVTXIFL
CYP3A4 TREFENAEBEDILYS LOEYEEY
HEse Uiz, TORERE, MV 723 FomETEE—~





