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Abstract
5,7-Dimethoxyflavone (5,7-DMF), one of the major components of Kaempferia parviflora, has anti-obesity, anti-inflammatory, and antineoplastic effects. On the other hand, in vitro studies have reported that it directly inhibits the drug metabolizing
enzyme family cytochrome P450 (CYP) 3As. In this study, its safety was evaluated from a pharmacokinetic point of view,
based on daily ingestion of 5,7-DMF. Midazolam, a substrate of CYP3As, was orally administered to mice treated with
5,7-DMF for 10 days, and its pharmacokinetic properties were investigated. In the group administered 5,7-DMF, the area
under the curve (AUC) of midazolam increased by 130% and its biological half-life was extended by approximately 100 min
compared to the control group. Compared to the control group, 5,7-DMF markedly decreased the expression of CYP3A11
and CYP3A25 in the liver. These results suggest that continued ingestion of 5,7-DMF decreases the expression of CYP3As
in the liver, consequently increasing the blood concentrations of drugs metabolized by CYP3As.
Keywords Kaempferia parviflora · Cytochrome P450 · CYP3As · Midazolam · 5,7-Dimethoxyflavone · Pharmacokinetics

Introduction
The Kaempferia parviflora rhizome has been widely used
as a traditional herbal medicine for over 1000 years in Thailand and Laos, where it is consumed as tea or liqueur. It
is used for nutritional enhancement, recovery of physical
strength, reduction of blood glucose levels, as well as for
improving the function of the cardiovascular and digestive
systems. In recent years, K. parviflora has been reported to
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possess many pharmacological properties, and has been used
for various applications [1]. Its pharmacological actions
include antineoplastic [2], cholinesterase inhibitory [3], antioxidant, anti-inflammatory [4], antispasmodic [5], nitrogen
monoxide production inhibitory [6], anti-allergic [7], gastric
ulcer improving [8], and vasodilatory [9] activities. It is also
known for its ability to prevent various metabolic syndromes
due to its anti-obesity activity [10–16] and improvement of
muscle endurance [17] and cognitive dysfunction [18], and
is used for the prevention of skin aging [19].
The K. parviflora extract has been found to contain 12 different kinds of flavonoids [4, 12, 15], of which 5,7-dimethoxyflavone (5,7-DMF) has been reported to possess antiinflammatory, antineoplastic, and anti-obesity activities [4,
20, 21]. It has also been reported that upon oral ingestion
of K. parviflora, 5,7-DMF is detected in the blood [4]. On
the other hand, in vitro studies have reported the inhibitory
effects of 5,7-DMF on the activity of cytochrome P450
(CYP) 3As, a drug metabolizing enzyme family [22, 23].
It is reported that drug metabolizing enzymes CYP3As are
regulated by nuclear receptors, i.e., pregnane X receptor
(PXR) and constitutive active/androstane receptor (CAR)
[24, 25]. Both receptors were first characterized as xenosensing transcription factors regulating the induction of
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xenobiotic metabolizing enzymes in response to exogenous
stimuli.
In recent years, there has also been an increase in the
consumption of K. parviflora as a health supplement in
Japan. This report seeks to answer questions regarding the
safety of K. parviflora. Therefore, to confirm its safety from
a pharmacokinetic point of view, we investigated the influence of 5,7-DMF as a target drug on CYP3As in an in vivo
experiment.
To examine the effect of 5,7-DMF on CYP3A, we first
investigated whether the results of two studies performed
under in vitro conditions could be replicated under in vivo
conditions. The first involved investigating the effect of
10-day oral administration of 5,7-DMF on the metabolic
activity of midazolam, a CYP3As substrate [26–28]. In the
second, we investigated whether the expression of CYP3As
was altered in the livers of mice administered 5,7-DMF for
10 days.

Materials and methods
Materials
5,7-DMF was purchased from Indofine Chemical Company,
Inc. (Hillsborough, NJ, USA). 1′-Hydroxymidazolam-d4
solution was purchased from Sigma-Aldrich (St. Louis,
MO, USA). Midazolam was purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). Rabbit anti-rat
CYP3A2 antibody was purchased from Nosan Corporation
(Kanagawa, Japan). Anti-β actin antibody (ab8227) was purchased from Abcam (Tokyo, Japan). Anti-rabbit IgG, HRPlinked whole Ab donkey was purchased from GE Healthcare
(Chalfont St. Giles, UK).

Animal handling
We purchased 6-week-old male ICR mice from Japan SLC,
Inc. (Shizuoka, Japan). The mice were kept at room temperature (24 ± 1 °C) and 55 ± 5% humidity with 12 h of light
(artificial illumination 08:00–20:00). Food and water were
available ad libitum. Each animal was used only once. The
present study was conducted in accordance with the Guiding Principles for the Care and Use of Laboratory Animals,
as adopted by the Committee on Animal Research at Hoshi
University.

Preparation of solutions
The 5,7-DMF solution was prepared with reference to the
method of Bei and An [29].
5,7-DMF was dissolved in dimethyl sulfoxide to prepare
a stock solution of 20 mg/mL. Next, a 20-fold dilution of
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the stock solution (1.0 mg/mL) was prepared with a solvent
containing 35% polyethylene glycol 400, 2% ethanol, and
63% water. A 50 mg/mL stock solution of midazolam was
prepared with Tween as the solvent. Using physiological
saline, a 50-fold dilution of this stock solution (1.0 mg/mL)
was prepared as the midazolam solution.

Administration of 5,7‑DMF solution and dissection
The 5,7-DMF solution was orally administered to mice once
a day for 10 days. The midazolam solution was orally administered 10 min after the final administration of the 5,7-DMF
solution. The dose of both solutions was 100 μL/10 g body
weight of the mouse. The mice were chronologically laparotomized under isoflurane anesthesia following midazolam
administration (5, 15, 30, 60, 120, 180, 240 and 300 min)
and blood was collected from the middle cardiac vein. Phosphate-buffered saline (PBS) was perfused throughout the
body, beginning in the heart to flush out the blood from the
organs, and then the liver was excised. The excised liver was
rapidly frozen under liquid nitrogen and stored at −80 °C.

Determination of the blood concentration
of midazolam by liquid chromatography−mass
spectrometry (LC–MS)
An equal volume of aqueous phosphoric acid solution was
added to 100 μL of plasma separated from the blood and the
mixture was vortexed for 1 min. Simultaneously, 100 ng of
1′-hyrdroxymidazolam-d4 was spiked as an internal standard substance. The solution was centrifuged at 15,000×g
RT for 5 min. The supernatant, in a volume of 190 μL, was
added to the solid-phase extraction columns (Oasis® HLB
PRiME 3cc, 60 mg; Waters, Milford, MA, USA). These
columns were preconditioned with 1 mL of methanol and
equilibrated with 500 μL of ultrapure water and 2% aqueous phosphoric acid. Washing was performed with 500 μL
methanol: ultrapure water (5:95, v/v). Sample elution was
carried out using 1 mL of an acetonitrile: methanol (90:10,
v/v) preparation. The solvent was removed from the eluate
by distillation under nitrogen perfusion at 50 °C. The eluate
was redissolved in the mobile phase at the start of the gradient of 100 μL to prepare an LC–MS sample. A calibration
curve was prepared by spiking a standard solution of midazolam to each sample of control and pretreating in the same
manner. The quantitation range of the calibration curve was
prepared in the range of maternal plasma 1.95–500 ng/mL.
LC–MS analysis was performed using a combination
of an LC-20A high-performance liquid chromatography
(HPLC) system (Shimadzu, Kyoto, Japan) and LCMS-2010
(Shimadzu). The analytical column that was used was an
XBridge C18 (Waters). The analysis was performed at a
column temperature of 40 °C. Ultrapure water containing
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0.1% formic acid was used as mobile phase A. Acetonitrile
containing 0.1% formic acid was used as mobile phase B.
The analysis was performed in binary gradient mode, as
shown below [gradient condition (% of B); 0.00 min 10%,
10.00 min 70%, 12.00 min 70%, 12.01 min 10%, 16.00 min
10%]. The flow rate was constant at 0.2 mL/min.
For the interface, positive mode electrospray ionization
was used. The nebulizer gas flow rate was set at 1.5 L/min.
The CDL and heat block temperatures were 250 and 200 °C,
respectively. The voltage of the detector was set at 1.5 V.
Measurement was performed by the selected ion monitoring
method based on an m/z value of 326 for midazolam, 346 for
1′-hyrdroxymidazolam-d4 (internal standard).
The LCMSsolution Ver.3.40 (Shimadzu) was used for
HPLC system control and MS chromatogram analysis.

Preparation of the CYP3As proteins
In total, 1.0 × 105 COS7 cells were dispensed into a 6-cm
dish. After 24 h, a method similar to transfection was carried out to transfect each vector with 2 µg of the plasmid
containing the CYP3As gene. Twenty-four hours later, the
culture medium was suctioned and cells were washed with
1 mL of PBS (−) three times on ice. Three hundred microlitres of RIPA buffer (Tris–HCl, 25 mM; NP-40, 0.1%; NaCl,
150 mM; SDS, 0.1%; SDC, 0.1%; protease inhibitor cocktail,
1%) was added, and cells were resuspended in a 1.5-mL
microtube. The microtube was then vortex-mixed and sonicated for 1 min each, centrifuged at 21,500×g for 10 min at
4 °C, and the supernatant was collected. This solution was
used as the standard protein of each CYP3As species.

Preparation of microsomal fraction
One milliliter of dissecting buffer (sucrose, 300 mM; imidazole, 25 mM; EDTA, 1 mM; protease inhibitor cocktail,
1%) was added to the liver extracts and homogenized on
ice. Homogenate (9000 g) was centrifuged for 20 min at
4 °C, and then 800 µL of the supernatant was collected, and
centrifuged at 105,000×g for 1 h at 4 °C. After discarding
the supernatant, an appropriate quantity (300–1000 µL) of
RIPA buffer was added to the pellet, which was dispersed
with a sonicator and used as the microsomal fraction sample.

Western blotting
An equivalent amount of sample buffer was added to the
sample solution, mixed well, and boiled for 5 min at 95 °C.
Furthermore, electrophoresis was performed on 10% polyacrylamide gel (5.0 g/lane, 110 min, 20 mA). The proteins
were then electroblotted onto a polyvinylidene difluoride
(PVDF) membrane and blocking (skim milk, 5%; 10 min)
was performed. Thereafter, the PVDF membrane was

placed in a primary antibody solution (anti-rat CYP3A2 Ab
1/10,000; rabbit anti-β-actin antibody 1/10,000) for 1 h at
25 °C. After washing well with TBS-Tween20, the membrane was placed in a second antibody solution (donkey
anti-rabbit IgG-HRP Ab 1/10,000) for 1 h at 25 °C. After
washing the PVDF membrane with TBS-Tween20, it was
exposed to ECL prime Western blot detection reagents. An
image of the PVDF membrane was captured with a cooled
CCD camera.

Quantitative‑PCR
RNA was extracted from the mouse liver using the TRI reagent. A high-capacity cDNA synthesis kit was used to synthesize cDNA from 1 μg of RNA. Target gene expression
was analyzed with real-time PCR. The primers were used as
Table 1. Real-time PCR was conducted at a denature-action
temperature of 95 °C for 15 s, an annealing temperature of
56 °C for 30 s, and an elongation temperature of 72 °C for
30 s. The mRNA gene expression levels were normalized to
β-actin gene expression levels.

Pharmacokinetics analysis
The analytical software Numeric Analysis Program for Pharmacokinetics (NAPP) was used to calculate various pharmacokinetic parameters [30].

Statistics
Experimental values are expressed as mean ± standard deviation. Outliers were calculated using the Smirnov–Grubbs
outliers test. Significant differences were calculated using
Student’s t test.

Results
Effect of 5,7‑DMF on body weight and liver weight
Either 5,7-DMF (10 mg/kg/day) or physiological saline was
orally administered by feeding needle to mice once a day for
10 days. We also measured the weight of animals in both
groups daily. The results indicated no change in body weight
between the control group and the 5,7-DMF-administered
group (Fig. 1a). Since the total metabolic activity of CYP3A
is affected by the size of the liver, the ratio of liver size to
body weight was also measured. These results indicated that
the dose of 5,7-DMF used in this study did not induce liver
injury in the mice (Fig. 1b).

13

Journal of Natural Medicines
Table 1 Primer sequences of
mouse mRNA

Targets

Primer (5′–3′)

IL-1β
Forward
Reverse
IL-6
Forward
Reverse
TNF-α
Forward
Reverse
β-Actin
Forward
Reverse

Product size (bp) NCBI
reference
sequence

TGG CCT TGG GCC TCA AAG
GCT TGG GAT CCA CAC TCT C

93

NM_008361

TAG TCC TIC CTA CCC CAA TTT CC
TTG GTC CTT AGC CAC TCC TTC

76

NM_031168

122

NM_013693

97

NM_007393

AAG CCT GTA GCC CAC GTC GTA
GGC ACC ACT AGT TGG TTG TCT TTG
GAG CGC AAG TAC TCT GTG TG
CGG ACT CAT CGT ACT CCT G

B
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Fig. 1 Effect of 5,7-DMF on body weight and liver weight. Measurement of the value of the change in body weight divided by body weight (a)
and change in liver weight divided by body weight (b) over a 10-day period of oral administration of 5,7-DMF or vehicle

Influence of 5,7‑DMF on the pharmacokinetics
of midazolam

Effect of 5,7‑DMF on the liver protein expression
levels of CYP3As

Midazolam is representative of drugs that are metabolized by CYP3As. Therefore, midazolam (10 mg/kg/day)
was administered by feeding needle to mice that had been
orally administered 5,7-DMF for 10 days. The effect of
5,7-DMF administration on the metabolism of midazolam
was then investigated. The results demonstrated a maximum blood concentration (C max) of 18 ng/mL of midazolam in the control group, whereas in the group administered 5,7-DMF, a Cmax of approximately 100 ng/mL was
observed (Fig. 2a, b). In addition, a 1.3-fold increase in
AUC was observed in the 5,7-DMF-administered group
compared to the control group. Furthermore, the biological half-life (t1/2) increased to 290 min in the 5,7-DMFadministered group compared to 187 min in the control
group (Table 2).

5,7-DMF administration resulted in an increase in the AUC
and a prolongation of the t1/2 of midazolam. We hypothesized that this was due to a change in the expression levels of CYP3A in the liver. Hence, using the Western blot
method we analyzed the expression levels of CYP3A11 and
CYP3A25 in the liver. The results demonstrated a significant
reduction in liver protein expression levels of CYP3A11 and
CYP3A25 in the 5,7-DMF-administered group compared to
the control group (Fig. 3).
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Effect of 5,7‑DMF on inflammatory cytokines
in the liver
It is well known that hypersecretion of inflammatory
cytokines decreases the expression of CYP3A. Therefore,
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Fig. 2 Effect of 5,7-DMF on the pharmacokinetics of midazolam.
Midazolam at 10 mg/kg body weight was orally administered to mice
that had been orally administered 5,7-DMF (10 mg/kg/day) (b) or
vehicle (a) for 10 days. The midazolam concentration in the plasma
300 min immediately after administration was determined by LC–
MS. The results are reported as median ± standard deviation (n = 5).
Significant differences were calculated using Student’s t-test

Table 2 Pharmacokinetic parameters
Samples

AUC0–300 (ng min/mL)

t1/2 (min)

Control
5,7-DMF

2124
2696

187
290

Changes in the pharmacokinetic parameters during administration of
5,7-DMF. The AUC and t1/2 were calculated using NAPP based on
the blood concentration of midazolam in Fig. 2
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Concentration of midazolam
in plasma (ng/mL)
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Fig. 3 Effect of 5,7-DMF on the expression level of CYP3A in the
liver. After oral administration of 5,7-DMF (n = 5) or vehicle (n = 5)
for 10 days, a liver microsome fraction was prepared. For the expression analysis of CYP3As, 1 ng of the microsome fraction was separated by SDS-PAGE followed by the Western blot method using antiCYP3A2 antibodies. The band densities of CYP3A11 and CYP3A25
in the Western blot were then individually quantified by NIH Image.
The results are reported as median ± standard deviation (n = 5).
Standard proteins of CYP3A11 and CYP3A25 were applied as markers to lanes 1 and 2

Discussion
we examined the mRNA expression levels of inflammatory cytokines in the liver. There were no differences in
the expression levels of interleukin (IL)-1β, IL-6, and
tumor necrosis factor-α (TNF-α) between the control and
5,7-DMF-administered group (Fig. 4). These results confirm that 5,7-DMF ingestion does not induce inflammation of the liver.

A study of the safety of 5,7-DMF, the main component
responsible for the pharmacological activity of K. parviflora,
was performed focusing on pharmacokinetics.
In this study, 5,7-DMF was orally administered for
10 days at a concentration which did not produce toxicity
as evaluated by mouse body and liver weight analysis, and
the effect on midazolam pharmacokinetics was analyzed. An
increase in Cmax and AUC and a marked increase in t1/2 were
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Fig. 4 Changes in the expression of liver inflammatory cytokines. Following oral administration of 5,7-DMF or vehicle for 10 days, the liver was
excised, total RNA adjusted, and the expression level of inflammatory cytokine mRNA was measured by real-time PCR

observed in the group administered 5,7-DMF compared to
the control group. Midazolam is a sedative-hypnotic drug
that is metabolized by CYP3A. These results indicate that
regular ingestion of 5,7-DMF will result in increased bioavailability of midazolam. Hence, careful attention will have
to be paid to the subsequent appearance of adverse effects
such as apnea and ventricular tachycardia.
There are various molecular species of mouse CYP3As,
with various characteristics [24, 31]. In this study, we
assessed CYP3A11 and CYP3A25. These molecules are
the major molecules of mouse CYP3As. Mouse CYP3A11
is homologous to human CYP3A4 and is constitutively
expressed in the liver of adult mice, where it plays a central role in drug metabolism [32, 33]. CYP3A25 is constitutively expressed in the liver of adult mice and is involved
in metabolizing drugs and xenobiotic substances [34, 35].
We have shown that the expression levels of CYP3A11 and
CYP3A25 are high in the adult mouse liver [36]. The main
cause of the change in the pharmacokinetics of midazolam
in the 5,7-DMF-administered group was a reduction in the
expression levels of the drug-metabolizing liver enzymes.
Therefore, this hypothesis was investigated. The results demonstrated a reduction in CYP3A11 and CYP3A25 expression
levels in the 5,7-DMF-administered group compared to the
control group (Fig. 4).
Next, we investigated the cause of the reduction in the
expression level of CYP3As molecular species. Since an
increase in inflammatory cytokines is known to decrease
the expression of CYP3As, the expression levels of
inflammatory cytokines at the time of administration of
5,7-DMF were assessed [25, 37]. No change in the expression levels of IL-1β, IL-6, and TNF-α was observed after
5,7-DMF administration. This suggests that the decrease
in the expression of CYP3A11 and CYP3A25 by 5,7DMF administration occurs via other mechanisms. These
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mechanisms may involve the direct or indirect inhibition
of the expression of nuclear receptors, PXR or CAR, or
nuclear translocation [25]. This issue remains unresolved
and further analysis will be necessary in the future.
In this study, we investigated the effect of 5,7-DMF on
the expression level of CYP3As in the liver with midazolam as the target drug, assuming that 5,7-DMF was
ingested on a daily basis. The results demonstrated that
long-term ingestion of 5,7-DMF reduces the expression of
CYP3A. Currently, 40% of widely used medicines are substrates of CYP3A. Therefore, it is necessary to carefully
consider the results of the current study keeping in mind
cases of chronic consumption of K. parviflora as a health
supplement. The effects of 5,7-DMF from K. parviflora,
i.e., increase in the blood concentrations and biological
half-lives may be observed with drugs that are substrates
of CYP3As. Since CYP families other than CYP3As are
also responsible for metabolism of many pharmaceuticals,
it is necessary to investigate the influence of 5,7-DMF
and other active constituents in health supplements, on the
expression levels and inhibitory actions of these enzymes
in vivo in the future.
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