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Abstract
Purpose Ginkgo terpene lactones meglumine injection (GMI)
is a novel preparation of traditional Chinese medicine that
contains ginkgolides A, B and K (GA, GB, GK, respectively)
as its primary components. In this study we evaluated the
safety, tolerability and pharmacokinetics of these three
ginkgolides after single and multiple intravenous infusions
of GMI. We also investigated the effect of GMI on cyto-
chrome P450 3A4 (CYP3A4) in healthy Chinese volunteers.
Methods In this open-label, placebo-controlled study 15 sub-
jects were randomly assigned to receive GMI or matched pla-
cebo (4:1 ratio). All subjects first received midazolam (MDZ)
on day 1, followed by a 6-day washout. On Day 8, the subjects
were started on once-daily dosing of either GMI or placebo for
14 days. Lastly, on Day 22 the subjects were given second dose
of MDZ + GMI or MDZ + placebo. Plasma concentrations of
ginkgolides,MDZ and itsmetabolite 1-hydroxymidazolamwere
quantified.
Results The steady-state conditions of GA, GB and GK were
achieved after 6 days of daily dosing. Following a single dose
of GMI (Day 8) the area under the concentration–timecurve

from zero to 24 h after administration (AUC0-24h) of GA, GB
and GK (arithmetic ± standard deviation) was 4.10 ± 1.06,
4.61 ± 1.31 and 0.127 ± 0.102 h μg/mL, respectively; the cor-
responding values following multiple doses of GMI (Day 19)
were 3.94 ± 1.16, 5.00 ± 1.55 and 0.118 ± 0.096 h μg/mL, re-
spectively. The mean accumulation ratios were 0.95, 1.08 and
0.89 for GA, GB and GK, respectively. Additionally, the geo-
metric mean [peak concentration (Cmax) and AUC0-24h] ratios
of MDZ and 1-hydroxy midazolam were all within the spec-
ified acceptance ranges in the MDZ + placebo treatment and
MDZ + GMI treatment.
Conclusions Our results show that GMI was well tolerated
during the entire study. There was no systemic accumulation
and no significant effects on the pharmacokinetics of MDZ in
healthy Chinese male subjects after repeated dosing of GMI.
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Introduction

Ginkgo terpene lactones meglumine injection (GMI) is a nov-
el preparation of traditional Chinese medicine containing
25 mg of ginkgo terpene lactones. The major ginkgo terpene
lactones of GMI are ginkgolide A (GA; 8.5 mg), ginkgolide B
(GB; 14 mg) and ginkgolide K (GK; 1.0 mg) (see Fig 1 for
their respective chemical structures). In comparison, the main
components of EGb761, a typicalGinkgo biloba extract prod-
uct, are flavonoids (24%) and terpenoides (6%: 3.1%
ginkgolides and 2.9% bilobalide). The main effect of
EGb761 is free radical scavenging [1], while GMI has been
extracted and purified from G. biloba leaves for the treatment
of cerebral apoplexy [2]. It has also been reported that GMI
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possesses different a variety of pharmacological activities,
such as neuroprotective properties and a potential effect on
cerebrovascular diseases, but further study is needed to eluci-
date its mechanism [3].

Ginkgo, a living fossil tree, has a long history of use in
traditional Chinese medicine. It’s products have been docu-
mented to include a wide range of pharmacological activities,
such as neuroprotective, cardioprotective and antitumorigenic
effects, antioxidant, stress alleviating, improvement of mem-
ory and protection against apoptosis [4–6]. Many G. biloba
products are available commercially, and the leaf extract is
currently one of the best-selling herbal products worldwide
[1, 7]. The most unique components of the leaf extract are
the terpene lactones, namely, bilobalide and GA, GB and
ginkgolide C [8]. Ginkgo biloba extract is used as a herb drug
or dietary supplement and as such is often administered in
combination with other therapeutic drugs. Consequently, it is
very important to identify potential herb–drug interactions to
guide the rational clinical use of drugs.

Most pharmacokinetic (PK) interactions are related to the
changes in the functionality or expression of cytochrome P450
(CYP) enzymes [9]. CYP3A4 is considered to be the most
important drug-metabolizing enzyme based on its high abun-
dance in the liver and its participation in the metabolism of
>60% of all drugs. As such, the inhibition or induction of this
enzyme is the source of numerous drug interactions [10],
which has led to the effect of G. biloba extract on CYP450
becoming a major subject of research. In in vitro studies,
G. biloba extract has been found to have inhibitory effects
on a number of drug-metabolizing enzymes, including
CYP3A4, CYP2D6 as well as other isoforms [11]. In contrast,
the results of some in vivo studies in humans indicate that
G. biloba extract has no significant effects on CYP isoforms
nor does it significantly inhibit some CYP isoforms. Gurley
and co-workers reported that G. biloba extract had no

apparent effect on any of the CYP isoforms they studied using
the cocktail approach [12]. To the contrary, Smith and associ-
ates [13] found that the concentrations of nifedipine (a sub-
strate of CYP3A4) were significantly increased in subjects
exposed to ginkgo (120 mg daily) for 18 days, suggesting that
the G. biloba extract significantly inhibits CYP3A4.

GMI was found to be a weak inducer of CYP3A4 in an
in vitro CYP450 inducer experiment [Report RTC 00400 by
XenoBiot ic Laboratories, Inc. China; Electronic
Supplementary Material (ESM)], indicating a potential capac-
ity to affect the pharmacokinetics of the co-administered
drugs. We therefore sought to explore the effect of GMI on
the activity of CYP3A4 in normal volunteers. To this end we
chose midazolam (MDZ), which is rapidly metabolized by
CYP3A4 to its main metabolite 1-hydroxymidazolam (1-OH
MDZ) [14, 15], as the marker for CYP3A4 activity. Due to the
chemical complexity and multi-components involved in GMI
preparation, PK studies of GMI may be helpful for revealing
its action mechanism or determining rational dosage regimens
for the appropriate application.

Therefore, the aim of this study was to investigate the safe-
ty, tolerability and pharmacokinetics of GMI following single
or multiple intravenous infusions of GMI at a dose of 25mg in
healthy Chinese subjects. We also evaluated the effects of
multiple doses of GMI on CYP3A4 activity and therefore on
the pharmacokinetics of MDZ and its metabolite 1-OHMDZ.

Patients and methods

Materials and reagents

Reference standards for GA (purity 95.4%), GB (purity
99.9%), GK (purity 94.6%) and bilobalide (internal standard,
purity 100%) were purchased from the National Institute for

Fig 1 Chemical structures of
ginkgolide A (GA), ginkgolide B
(GB) and ginkgolide K (GK).
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Control of Pharmaceutical and Biological Products (Beijing,
China). MDZ, 1-OHMDZ, D4-midazolam (internal standard)
and D4-1-hydroxymidazolam (internal standard) were pur-
chased from Cerilliant Corporation (Round Rock, TX,
USA). Midazolam maleate (15 mg/tablet, Lot 20131001)
was manufactured by Jiangsu Nhwa Pharmaceutical
Corporation (Xuzhou, China). GMI (5 mL/ampoule, contain-
ing 25 mg of ginkgo terpene lactones; Lot 140604) was pro-
vided by Jiangsu Kanion Pharmaceutical Co. Ltd.
(Lianyungang, China). All other reagents were of reagent
grade or better and obtained from commercial sources.

Dosing and Administration

Midazolam On Days 1 and 22, subjects were administered
7.5 mg MDZ (half of a tablet of midazolam maleate) orally
with 200 mL of water.

Ginkgo terpene lactones meglumine injection Prior to the
GMI being administered to each subject by intravenous infu-
sion, it was diluted with 250 mL 0.9% sodium chloride injec-
tion. The subjects were closely followed by continuous elec-
trocardiographic monitoring during the administration of the
GMI via infusion pump at a gradient infusion velocity of
0.5 mL/min for the first 30 min, followed by 0.5 mL/min
increases at half-hour intervals up to a the maximum infusion
velocity of 1.5 mL/min. The duration of total infusion dosing
was approximately 197 min.

Study participants

The enrollment criteria were Chinese ethnicity, male gender,
good health, based on medical history, physical examination,
vital signs measurement, electrocardiogram (ECG) and clini-
cal laboratory tests, age of 18–40 years, body mass index of
19–25 kg/m2, body weight of ≥50 kg and nonsmoker.
Subjects were ineligible for inclusion if they had used any
medicines, including herbal products, within the 2 weeks im-
mediately preceding the study. The intake of any food or bev-
erage containing xanthine (e.g. caffeine) must have been
discontinued 48 h before dosing. In addition, the consumption
of such foods and beverages (i.e. coffee, tea, soda, chocolate)
was not permitted at any time while the subjects were
domiciled. No grapefruit or grapefruit juice was to be con-
sumed for 14 days prior to dosing until 2 days following the
last dose.

Study design

This was an open-label, placebo-controlled, four-period study
(NCT02233972) study involving 15 subjects who met the
inclusion criteria. These subjects were randomly assigned to
receive GMI or matched placebo (4:1 ratio). The study was

approved by the Ethics committee of the First Affiliated
Hospital–Nanjing Medical University and conducted in com-
pliance with the ethical principles set forth in the Declaration
of Helsinki (1989) as well as with local applicable laws and
regulations. All subjects provided written informed consent
before participating in the study.

The study consisted of (1) a screening (up to 14 days) and a
baseline evaluation (Day −1); (2) an initial treatment with a
single dose of MDZ 7.5 mg on Day 1; (3) a 6-day washout
period/no treatment from Day 2 to Day 7; (4) a multiple-dose
treatment regimen in which subjects received a once-daily
intravenous infusion of GMI 25 mg or placebo from Day 8
to Day 21; (5) a second single dose of MDZ together with
GMI or placebo on Day 22; (6) an end-of-study evaluation on
Day 23 (Table 1).

Subjects fasted for at least 10 h prior to the administration
of the drug and continued to fast for another 4 h after the
administration of the drug. No fluid intake was allowed from
2 h before until 2 h after the dosing; outside of this time period,
water was provided ad libitum.

PK assessments

Measurement of drug concentrations

The plasma drug levels ofMDZ and ginkgolides (GA,GB and
GK) were determined using two different validated liquid
chromatography–tandemmass spectrometry (LC-MS/MS) as-
say methods (XenoBiotic Laboratories, Inc., Nanjing, China).

Determination of MDZ and 1-OH MDZ

Midazolam and 1-OHMDZwere extracted from plasma sam-
ples by protein precipitation. Briefly, 30 μL D4-MDZ/D4-1-
OH MDZ (internal standards) and 500 μL acetonitrile were
added successively to a tube containing 100 μL plasma. The
samples were vortexed for 6 min and then centrifuged at
3200 g, 4 °C for 5 min. A 300-μL sample of supernatant
was transferred to another tube and evaporated to dryness.
The dry extracts were re-dissolved in 150 μL of 60% metha-
nol, and 10-μL aliquots were injected into the LC-MS/MS
system for analysis.

The compounds were analyzed by high-performance liquid
chromatography on a Symmetry C8 LC column (50 × 2.0 mm,
5 μm; Waters Corp., Milford, MA). A gradient elution
consisting of solvent A (methanol:acetonitrile, 50:50, v:v)
and solvent B (10 mM ammonium acetate solution adjusted
to pH 4), was delivered at a flow rate of 0.6 mL/min. Detection
was performed byMS/MS using an API 5000 mass spectrom-
eter (Applied Biosystems/Sciex, Foster City, CA) in MRM-
positive ionization mode. For MDZ and its internal standard
(D4-MDZ) the precursor ion mass was m/z 362.3 and 329.9
and the fragmention m/z was 291.2, 295.3, respectively. The
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precursor ion mass for 1-OH MDZ and its internal standard
(D4-1-OH MDZ) was m/z342.1 and 346.0 and the fragment
ion was m/z 203.2 and 203.1, respectively. The linear calibra-
tion curves were obtained over the concentration range of
0.100–20.0 ng/mL for both MDZ and 1-OH MDZ. The accu-
racy of MDZ/1-OH MDZ ranged from 85 to 115%, while the
relative standard deviations (RSDs) of inter-day precision
were all within 15% of the three quality control (QC) levels.
The values of inter-day precision were summarized as follows:
2.20, 2.03, 1.56% forMDZ; 4.44, 1.75, 1.78% for 1-OHMDZ
(more detailed results were presented in the ESM).

Determination of GA/GB and GK

The ginkgolides A/B and K were extracted from plasma sam-
ples by liquid–liquid extraction. Briefly, 50 μL of bilobalide
(internal standard) and 40 μL 2 N HCL solution were added
successively to a tube containing 200 μL plasma. The mixture
was vortexed for 45 min, following which 1 mL ethyl acetate

was added and the mixture vortexed for 5 min and then cen-
trifuged (10000 g, 5 min, 4 °C). An 850-μL sample of super-
natant was transferred to another tube and evaporated to dry-
ness under the flow of N2 at 35 °C. The dry extracts were re-
dissolved in 150 μL methanol: 0.1% formic acid solution
(50:50, v:v), and 10-μL aliquots were injected into the LC-
MS/MS system for analysis.

The compounds were analyzed using an UFLC 20-AD XR
liquid chromatography system on a C18-AR column
(50 × 2.1 mm, 3 μm; Shimazu Corp., Kyoto, Japan). A gradi-
ent elution consisting of solvent A (acetonitrile) and solvent B
(20 mM ammonium acetate solution adjusted to pH 5.4) was
delivered at a flow rate of 0.7 mL/min. Detection was per-
formed in MS/MS using an API 5000 mass spectrometer
(Applied Biosystems/Sciex) in MRM-positive ionization
mode. The precursor ion mass for GA, GB and GK was m/z
453.2, 423.3 and 405.4 and the fragment ion was m/z 351.2,
367.1 and 331.0, respectively. The precursor ion mass for
bilobalide was m/z 325.3 and the fragment ion m/z was

Table 1 The design of the open-label, four-period study

Screening-
period

Baseline-
period

Administration research period
end-of-studyWashout-

period
GMI or placebo multiple dosing 

for 14 days Day 8 to Day 21

Day-14 to Day-2 Day-1 Day 2 to Day 7

PK sampling: Day 8,Day 19

Cmin,ss sampling: Day 14/17/18/19

before administration

Day 23

Day 22, Dosing MDZ + GMI; 

PK sampling
Day 1, Dosing MDZ alone; 

PK sampling
(Abbreviations are as follows: GMI, Ginkgo terpene lactones meglumine injection; PK, pharmacokinetics; MDZ, midazolam; Cmin,ss global minimum
within the dosage interval.)

Table 2 Baseline demographic
characteristics of the healthy
Chinese adult male subjects

Characteristic Total study
population (N = 15)

Subjects receiving
GMI +MDZ (N = 12)

Subjects receiving
placebo +MDZ) (N = 3)

Age (years) Mean ± SD 24.4 ± 2.2 24.6 ± 2.3 23.7 ± 2.3

Median 24.5 24.5 25.0

Min-Max 21–28 21–28 21–25

Height (cm) Mean ± SD 174 ± 6 175 ± 6 170 ± 6

Median 175 175 168

Min-Max 165–187 166–187 165–177

Weight (kg) Mean ± SD 65.7 ± 8.0 66.6 ± 8.4 62.0 ± 5.2

Median 65.0 64.5 65.0

Min-Max 54.0–84.0 54.0–84.0 56.0–65.0

BMI (kg/m2) Mean ± SD 21.7 ± 1.6 21.8 ± 1.7 21.4 ± 1.4

Median 21.3 21.5 20.7

Min-Max 19.2–24.0 19.2–24.0 20.6–23.0

BMI, Body mass indez; SD, standard deviation; Min-Max, minimum–maximum range
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163.3. Linear calibration curves for GA, GB and GKwere
obtained in the concentration range of 0.200–200, 0.200–
200 and 0.189–189 ng/mL, respectively. The accuracy of

GA/GB/GK ranged from 85 to 115%, and the RSDs of
inter-day and intra-day precision were all within 15% of the
three QC levels. The values of intra-day precision were

Table 3 Pharmacokinetic parameters of ginkgolides A, B and K following single or multiple intravenous infusions of ginkgo terpene lactones
meglumine injection at a dose of 25 mg in healthy Chinese adult males (N = 12)

Study daya Component Cmax (ng/mL) Tmax

(h)
AUC0-24h (h μg/mL) T1/2 (h) CL ( L/h) Vz (L)

Day 8 GA 791 ± 195 3.16 (3.08–3.45) 4.10 ± 1.06 4.12 ± 0.49 2.18 ± 0.60 12.6 ± 2.4

GB 973 ± 299 3.16 (2.00–3.32) 4.61 ± 1.31 10.8 ± 1.8 2.87 ± 1.04 44.4 ± 15.9

GK 41.5 ± 29.5 3.16 (1.50–3.38) 0.127 ± 0.102 2.22 ± 2.06 13.2 ± 9.00 33.2 ± 27.5

Day 19 GA 756 ± 213 3.19 (3.08–3.30) 3.94 ± 1.16 4.16 ± 0.47 2.30 ± 0.73 13.7 ± 3.9

GB 945 ± 299 3.17 (2.00–3.28) 5.00 ± 1.55 10.9 ± 2.0 2.65 ± 1.07 41.3 ± 16.4

GK 37.3 ± 30.0 3.13 (2.00–3.43) 0.118 ± 0.096 2.38 ± 1.57 15.5 ± 12.0 38.6 ± 20.2

Day 22 GA 707 ± 180 3.28 (3.28–3.58) 3.99 ± 1.16 4.45 ± 0.68 2.24 ± 0.62 14.1 ± 3.0

GB 910 ± 313 3.28 (2.00–3.58) 5.08 ± 1.61 10.7 ± 2.0 2.65 ± 1.09 40.0 ± 15.5

GK 39.5 ± 32.2 3.28 (3.28–3.58) 0.142 ± 0.123 2.08 ± 1.75 14.8 ± 11.5 24.5 ± 12.4

Data in table are presented as the arithmetic average ± SD, with the exception of ‘Tmax’, which is presented as the median with the Min-Max in
parenthesis

GA, GB, GK, Ginkgolides A, B and K, respectively; Cmax, peak plasma concentration of the test substance after administration;), AUC0-24h, area under
the concentration–timecurve from zero to 24 h after administration, T1/2, elimination half-life; CL, clearance of drug after intravenous administration; Vz,
apparent volume of distribution during terminal phase
a Day 8: single intravenous infusion of GMI (1st dose); Day 19: multiple intravenous infusions of GMI (12th dose); Day 22: multiple intravenous
infusions of GMI (15th dose)

Fig 2 Mean plasma concentration-time profiles of ginkgolides A (GA; a) B (GB; b) and K (GK; c) after single (Day 8) or multiple (Days 19, 22)
intravenous infusions of ginkgo terpene lactones meglumine injection (GMI) (N = 12)
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summarized as follows: 7.16, 3.68, 5.33% for GA; 10.63,
2.94, 4.82% for GB; 10.73, 4.52, 4.17% for GK (more
detailed results were presented in the ESM).

PK analysis

On Day 1, blood samples (3 mL) were collected into K2EDTA
(anticoagulant)-coated tubes at 0, 10 min, 20 min, 30 min, 45
min, 1 h, 1.5 h, 2 h, 2.5 h, 3.28 h (197 min), 4 h, 6 h, 8 h, 12 h,
16 h and 24 h after the administration of MDZ. On Days 8 and
19, blood samples (4 mL) were collected at 0, 30 min, 1 h, 1.5
h, 2 h, 3.28 h (197 min), 3.42 h (205 min), 3.58 h (215 min), 4
h, 5 h, 6 h, 8 h, 12 h and 24 h after the administration of GMI or
placebo. On Day 22, blood samples (4 mL) were collected at 0,
10 min, 20 min, 30 min, 45 min, 1 h, 1.5 h, 2 h, 2.5 h, 3.28 h
(197min), 3.42 h (205min), 3.58 h (215min), 4 h, 5 h, 6 h, 8 h,
12 h, 16 h and 24 h after the administration of MDZ and GMI
or placebo. On Days 14, 17, 18 and 19, blood samples (4 mL)
were collected before drug administration to determine the
trough concentration (C min) of GA, GB and GK, respectively.

Immediately after the blood samples were collected, they
were mixed gently and chilled on ice, following which they
were centrifuged at 3000 rpm for 5 min. The plasma samples
were then separated and stored at −70 °C until analysis.

Non-compartmental methods using Phoenix WinNonlin
software (ver. 6.3; Certara, L.P., Princeton, NJ) were used to
evaluate the pharmacokinetic parameters, namely, peak plas-
ma concentration after administration(Cmax), time to reach
Cmax (Tmax), area under the concentration–time curve from
zero to 24 h after administration (AUC0-24h), AUC from zero
to infinity (AUC0-∞), elimination half-life (T½), apparent total
body clearance of substance (after oral administration) [CL(/
F)] and apparent volume of distribution during terminal phase
(after non-intravenous administration) [Vz(/F)]. Cmax and
Tmax were obtained directly from the observed plasma con-
centration–time values. AUC0-24h or AUC0-t was estimated
using the linear trapezoidal rule. AUC0-∞ was calculated as
AUC0-t + Ct/λz, where Ct was the last detected concentration
and λz was the slope of the log-linear regression of the termi-
nal declining phase. T1/2 was calculated as ln2/λz using the

best-fit mode. CL(/F) and Vz(/F) were estimated as
dose/AUC0-∞ and CL/λz, respectively. The accumulation ratio
(Racc) of ginkgolides was calculated as AUC0-24h (Day 19)/
AUC0-24h (Day 8).

Safety and tolerability assessments

Safety and tolerability assessments included recording all ad-
verse events (AEs) and serious AEs. Additional safety assess-
ments included monitoring of vital signs, ECG recordings and
blood chemistry, urinalysis, and hematology studies.

Statistical analysis

All PK parameters were expressed with the coefficient of
variation, with any geometric means indicated, or as the
median and range of values. Descriptive statistics were
provided for PK concentrations and derived PK parame-
ters. The accumulation ratio of primary PK parameters
was assessed using an analysis of variance model that
included day as a fixed effect and subject as a random
effect. The 90% confidence intervals (CI) for MDZ and
1-OH MDZ when administered with/without GMI were
calculated. The 90% confidence intervals for GA, GB
and GK were calculated after single or multiple intrave-
nous infusions of GMI.

Table 4 Statistical analysis of the accumulation ratio for ginkgolides A, B and K

Parameter (Unit) Components Adjusted geometric means Ratio of geometric means

1st
dose

12th
dose

15th
dose

12th/1st Dose 15th/1st Dose

Observed
ratio

90% Confidence
interval

Observed
ratio

90% Confidence
interval

AUC0-24h (h
μg/mL)

GA 3.97 3.78 3.84 0.95 (0.91, 0.99) 0.97 (0.92, 1.02)

GB 4.41 4.75 4.82 1.08 (1.03, 1.13) 1.09 (1.04, 1.14)

GK 95.8 85.8 95.7 0.89 (0.82, 0.98) 1.00 (0.82, 1.22)

Fig 3 Mean trough plasma concentrations (Cmin) of GA, GB and GK
after multiple intravenous infusions of GMI.Whiskers Standard deviation
(SD)
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Results

Demographics

The baseline demographics of the 15 subjects enrolled in this
study are summarized in Table 2. All 15 subjects were healthy,
Chinese adult men. During the study, all subjects received two
once-daily oral doses of MDZ and GMI or placebo (0.9%
saline solution) by intravenous infusion once daily for 15
days.

All 15 subjects completed the study and were included in
the safety and PK analysis. There were no significant protocol
deviations during the duration of the study.

Pharmacokinetics of ginkgolides

Dosages of approximately 8.5, 14 and 1.0 mg of GA, GB and
GK, respectively, were administered. Following the 6-day
washout, 12 subjects were given GMI by intravenous infusion
once daily for 12 days from Day 8 to Day 19. The PK param-
eters of GA, GB and GK after single and multiple intravenous
infusions of GMI are listed in Table 3, and the arithmetic mean
plasma concentration–time profiles of GA, GB and GK for

each sampling day are shown in Fig 2. The arithmetic mean of
the AUC0-24h after a single intravenous infusion of GMI (first
dose of GMI, Day 8) was 4.10, 4.61 and 0.127 h μg/mL for
GA, GB and GK, respectively (Table 3), and the correspond-
ing AUC0-24h values after multiple intravenous infusions of
GMI (12th dose of GMI, Day 19) were 3.94, 5.00 and 0.118 h
μg/mL, respectively. The geometric mean of the AUC0-24h

accumulation ratios (12th dose to 1st dose) was 0.95, 1.08
and 0.89 for GA, GB and GK, respectively (Table 4). These
results indicate that the PK parameters of ginkgolides A, B
and K on Days 8 and 19 were similar and that there was no
accumulation with the once-daily administration protocol.

The Cmin of GA, GB and GK are shown in Fig 3. This
graph demonstrates that the steady state was likely achieved
by 6 days of treatment with intravenous infusions of GMI at
the dose of 25 mg.

Effect of GMI on the pharmacokinetics of MDZ and its
metabolite 1-OH MDZ

The plasma concentration–time profiles of MDZ and 1-OH
MDZ at baseline (Day 1) and after GMI or placebo adminis-
tration (Day 22) are shown in Fig 4a and b, respectively. The

Fig 4 Mean plasma concentration versus time curves of midazolam
(MDZ) and its metabolite 1-hydroxy midazolam (1-OH MDZ) after oral
administration of a single dose of MDZ (7.5 mg) on Days 1 and 22,

respectively, to healthy subjects. a: Midazolam (MDZ). b: 1-hydroxy
midazolam (1-OH MDZ)
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corresponding PK parameters and statistics are summarized in
Tables 5 and 6, respectively. We found no obvious differences
in the PK parameters of MDZ and 1-OH MDZ between the
MDZ + placebo treatment and the MDZ + GMI treatment.

The geometric mean ratios of Cmax and AUC0-24h of MDZ
(Day 22/Day 1) after the MDZ + GMI treatment were 0.87
(90%CI 0.65–1.16) and 0.88 (90%CI 0.75–1.03), respective-
ly; the corresponding ratios of 1-OH MDZ were 0.94(90% CI
0.59–1.49) and 0.99 (90% CI 0.81–1.20), respectively.
Otherwise, the geometric mean ratios (Day 22/Day 1) of
Cmax (1-OH MDZ)/Cmax (MDZ) and AUC0-24h (1-OH MDZ)/AUC0-

24h (MDZ) were 1.08 (90% CI 0.85–1.37) and 1.12 (90% CI
0.89–1.42), respectively. The results indicated that the ratios
were all within the specified acceptance ranges.

Safety

The GMI appeared to be well tolerated throughout the study.
There were no serious AEs or clinically significant changes in
vital signs or clinical laboratory parameters. Mild sedation
occurred and was noted after MDZ administration.

Table 5 Pharmacokinetic parameters of midazolam and its metabolite 1-hydroxy midazolam on Days 1 and 22

Compound Parameters Unit Day 1 (Baseline)a Day 22a

MDZ +GMI (N = 12) MDZ+ placebo (N = 3) MDZ +GMI (N = 12) MDZ + placebo (N = 3)

MDZ AUC0–24 h ng/mL 111 ± 27 119 ± 60 101 ± 38 104 ± 54

Cmax ng/mL 52.4 ± 22.0 53.8 ± 19.9 46.3 ± 22.6 42.7 ± 22.7

Tmax h 0.42 (0.17–1.50) 0.50 (0.17–0.50) 0.50 (0.33–1.50) 0.33 (0.33–0.50)

CL/F L/h 69.4 ± 15.8 79.1 ± 53.4 82.3 ± 30.7 93.7 ± 67.5

Vz/F L 505 ± 111 476 ± 327 585 ± 282 595 ± 371

1-OH MDZ AUC0–24 h ng/mL 40.9 ± 7.4 56.0 ± 3.9 41.5 ± 12.0 42.0 ± 9.0

Cmax ng/mL 27.3 ± 13.5 39.0 ± 8.3 24.8 ± 10.5 20.0 ± 7.0

Tmax h 0.42 (0.33–1.50) 0.50 (0.33–0.50) 0.50 (0.33–1.50) 0.50 (0.33–0.50)

Data in table are presented as the mean ± SD, with the exception of Tmax (time to reach Cmax), which is presented as the median with the Min-Max in
parenthesis

The 15 healthy subjects were divided into 2 groups: MDZ+GMI and MDZ + placebo

1-OH MDZ, 1-Hydroxy midazolam; CL/F, apparent total clearance of the drug from plasma afteroral administration
a Day 1: administration of MDZ alone; Day 22: administration of MDZ + GMI or placebo

Table 6 Descriptive statistics of pharmacokinetic parameters of midazolam and its metabolite 1-hydroxy midazolam

Compound Treatement Parameters Unit Geometric mean Geometric mean ratio (Day22/Day1)a

Day 1 Day 22

MDZ MDZ+GMI AUC0-24h h ng/mL 108 95.2 0.88 (0.75, 1.03)

Cmax ng/mL 48.0 41.9 0.87 (0.65, 1.16)

CL/F L/h 67.7 77.3 1.14 (0.96, 1.35)

MDZ+ placebo AUC0-24h h*ng/mL 107 91.9 0.86 (0.78, 0.96)

Cmax ng/mL 51.0 37.3 0.73 (0.42, 1.28)

CL/F L/h 68.9 80.0 1.16 (1.05, 1.28)

1-OH MDZ MDZ+GMI AUC0-24h *ng/mL 40.2 39.8 0.99 (0.81, 1.20)

Cmax ng/mL 23.9 22.5 0.94 (0.59, 1.49)

AUC0-24h (1-OH MDZ)/AUC0-24h (MDZ) - 0.37 0.42 1.12 (0.89, 1.42)

Cmax(1-OH MDZ)/Cmax (MDZ) - 0.50 0.54 1.08 (0.85, 1.37)

MDZ+ placebo AUC0-24h h ng/mL 55.9 41.3 0.74 (0.53, 1.02)

Cmax ng/mL 38.4 19.3 0.50 (0.23,1.08)

AUC0-24h (1-OH MDZ)/AUC0-24h (MDZ) - 0.52 0.45 0.86 (0.62, 1.17)

Cmax (1-OH MDZ)/
Cmax (MDZ)

- 0.75 0.52 0.69 (0.55, 0.85)

90% Confidence interval is given in parenthesis

544 Eur J Clin Pharmacol (2017) 73:537–546



Discussion

To the best of our knowledge, our study is the first to simul-
taneously evaluate the pharmacokinetics of ginkgolides A, B
and K following single and multiple intravenous infusions of
GMI to healthy Chinese volunteers. GMI was approved by the
Federal Drug Administration of China in 2012 and subse-
quently became commercially available. The dose regimen
of the preparation used in our study was selected based on
the label and the results of previous clinical trials [2] which
demonstrated that a once-daily intravenous infusion of GMI
25 mg for 14 days had a manageable toxicity profile and
encouraging efficacy in the treatment of cerebral apoplexy.

Following the single (Day 1) and multiple (Day 12) intra-
venous infusions of GMI at the dose of 25 mg, GA, GB and
GK directly entered the systemic circulation, with a median
Tmax of 197 min, which was the endpoint of the infusion using
the pump. The steady states of GA, GB and GK were likely
achieved by 6 days of daily dosing. Also, the PK parameters
of these three ginkgolides on Day 8 (1st dose of GMI) and
Day 19 (12th dose of GMI) were similar. The estimated AUC
accumulation ratios were 0.95, 1.08 and 0.89 for GA, GB and
GC, respectively, which indicates that no accumulation oc-
curred in vivo after multiple intravenous infusions of GMI.
These results are similar to those reported byWang et al. [19],
who showed that there were no obvious differences in PK
parameters, such as AUC and T½, after consecutive adminis-
tration of GMI for 7 days in rats.

Prior to our study, in vitro data were available which sug-
gested that GMI is a weak inducer of CYP3A4 (Report RTC
00400, XenoBiotic Laboratories, Inc., China). Therefore, we
further assessed the effect of GMI on the activity of CYP3A4
in vivo. To evaluate this effect, we selected MDZ as the probe
drug as this drug has been extensively used for determining
CYP3A4 activity in vivo [14, 16]. MDZ is rapidly metabo-
lized by CYP3A4 to its major metabolite 1-OH MDZ.

As shown in Table 6, the geometric mean ratios of MDZ
and 1-OH MDZ were all within the specified acceptance
ranges in both the MDZ + placebo treatment and the MDZ +
GMI treatment. These results indicate that once-daily intrave-
nous infusions of GMI (25 mg) for 14 days had no statistically
significant effect on the pharmacokinetics of MDZ or its me-
tabolite 1-OH MDZ. Our results agree with those previously
reported by Zadoyan et al., who showed that EGb761 (a typ-
ical G. biloba extract product) had no relevant effect on the
activity of the major CYP enzymes in humans using the cock-
tail–phenotyping approach [17]. In another clinical trial,
Gurley and co-workers showed that G. biloba had no signif-
icant effects on CYP1A2, CYP2D6, CYP2E1, and CYP3A4
using the probe drugs caffeine, debrisoquin, chlorzoxazone
and MDZ, respectively [12]. In contrast to these findings,
Smith and co-workers reported that an 18-day course of
G. biloba (120 mg daily) resulted in a 53% increase in

nifedipine plasma concentrations in healthy subjects, leading
these authors to conclude that G. biloba significantly inhibits
CYP3A4 [13]. Taking these findings together, we suggest that
the inconsistent effects of G. biloba on CYP3A4 in humans
can likely be attributed to a number of variables, such as dif-
ferent dosages, duration of treatment, or composition of
G. biloba extract. Ginkgo biloba extract is the most widely
used herbal medicine in the world [18]; therefore, further
study is still needed to clarify the effect of different
G. biloba extract products on the activity of different CYPs.

In conclusion, the ginkgolides A, B, and K achieved
their respective steady state by 6 days with once-daily
dosing of GMI at the dose of 25 mg. The systemic
exposure to these ginkgolides, as characterized by
AUC0-24h, indicated no accumulation following repeated
once-daily dosing for 12 days. The administration of
MDZ alone, multiple once-daily intravenous infusions
of GMI and the co-administration of GMI with MDZ
in healthy Chinese male subjects were well tolerated
and had an acceptable safety profile. There were no
serious or unexpected AEs. In our study, GMI appeared
neither to inhibit nor to induce CYP3A4.
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