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Trans-Resveratrol Enhances the Anticoagulant Activity of Warfarin
in a Mouse Model
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Aim: Resveratrol is a popular ingredient in dietary supplements. Some patients concomitantly use
dietary supplements and medicines in Japan. In the present study, we determined whether trans-res-
veratrol and melinjo (Gretum gnemon L.) seed extract (MSE), which contains resveratrol dimers,
interacted with drugs using a mouse model.

Methods: Male C57BL/6] mice were fed experimental diets containing 0.005%, 0.05%, or 0.5% (w/
w) trans-resveratrol or MSE for 1 or 12 weeks. The expression of liver cytochrome P-450 (CYP)
mRNA and activity of liver microsomal CYP were measured. To determine the influence of resvera-
trol or MSE on drug efficacy, the anticoagulant activity of warfarin was examined in mice that were
fed diets containing trans-resveratrol or MSE for 12 weeks.

Results: When the mice were fed experimental diets for 1 week, none of the doses of trans-resveratrol
and MSE affected body weight, liver weight, or plasma AST and ALT levels. Trans-resveratrol also
did not affect CYP1A1l, CYP1A2, CYP2C, or CYP3A activities. In contrast, 0.5% MSE slightly
increased CYP1A1 activity. When the mice were fed experimental diets for 12 weeks, 0.05% #rans-
resveratrol increased CYP1A1l, CYP2C, and CYP3A activities, whereas 0.5% MSE suppressed
CYP3A activity. Under these conditions, 0.5% trans-resveratrol enhanced the anticoagulant activity
of warfarin, although CYP2C activity increased. However, MSE did not affect the anticoagulant
activity of warfarin.

Conclusion: The 0.05% trans-resveratrol did not interact with warfarin in a mouse model, whereas
0.5% trans-resveratrol may have enhanced the anticoagulant activity of warfarin.
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main staple food in some areas”. In Japan, melinjo

Introduction seed extract (MSE) is also used as an ingredient in

Trans-resveratrol (trans-3,4",5-trihydroxystilbene),
which is found in various foods including grapes, cran-
berries, and peanuts, has become a popular ingredient
in dietary supplements in Japan because it has been
shown to have antiaging effects in various animal mod-
els. Melinjo (Gnetum gnemon L.), a species belonging
to the family Gnetaceae, is extensively cultivated in
Southeast Asia. Its seeds are nutritious and are the
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dietary supplements. Melinjo seeds are very rich in
resveratrol dimers (such as gnetin C and its glucosides,
gnemonoside A, and gnemonoside D)® (Table 1).
However, it is reported that dimers of resveratrol show
different properties® and effects® to those of #rans-res-
veratrol.

The population of Japan is rapidly aging, and as
a result, chronic diseases associated with aging, such as
diabetes mellitus, cardiovascular disease, hypertension,
osteoporosis, and cancer, have become a widely recog-
nized social issue. Against this background, an increase
in health consciousness has prompted people to use
dietary supplements to maintain health and prevent
diseases. In addition to its antiaging effects, resveratrol
has been suggested to be effective against obesity, dia-
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betes mellitus®, atherosclerosis” ®, hypertension?,
34

Alzheimer’s disease!?, and cancers'V.
The concurrent use of dietary supplements and
drugs has recently become prevalent'?. Physicians and
pharmacists need to be aware of which of their patients
are concomitantly using dietary supplements and med-
icines because many herbs (e.g., black cohosh, coleus
forskohlii, echinacea, garlic, ginkgo, ginseng, green
tea, kava, milk thistle, and St. John’s wort)*'® and
ingredients (e.g., catechins'”, curcuminoids®’, isofla-
vones®", quercetin®”, and polyphenols??) affect drug-
metabolizing enzymes. Resveratrol®? also affects the
drug-metabolizing enzyme cytochrome P-450 (CYP).
Resveratrol was initially found to inhibit CYP1A1l in
human HepG2 hepatoma cells®*, with inhibition of
human recombinant CYP1B129, CYP3A4, CYP3A5%,
and others subsequently being reported. Resveratrol
was also shown to inhibit the enzyme activities of
CYP2D6, CYP2C9, and CYP3A4 in a healthy volun-
teer®®. In contrast, the influence of MSE on drug-
metabolizing enzymes has not yet been examined.

The ingredients in dietary supplements have to
be absorbed and exist in their active forms to interact
with drugs. Some ingredients are not absorbed or are
metabolized immediately after their absorption. The
concentrations of these ingredients at the sites of
interactions are also an important factor. Ingredients
have to exist at an effective dose in the blood or target
organs to interact with drugs. Furthermore, even if
dietary supplements affect drug metabolism and blood
levels, drug efficacy is not affected if the drug exists at
a therapeutic dose in the blood. Therefore, not only
the ingredients but also their concentrations and dura-
tion of intake are important.

In the present study, we examined the effects of
the intake of several amounts of #ans-resveratrol and
MSE for short and long periods on major CYP sub-
types such as Cyplal, 1a2, 2¢29, and 3all in a mouse
model (human homologues Cyplal, 1a2, 2¢9, and
3a4, respectively) as well as the interaction between
trans-resveratrol or MSE and warfarin iz vivo.

Materials and Methods

Animals

Male C57BL/6] mice were purchased from Japan
SLC Inc. (Shizuoka, Japan) and were maintained under
specific pathogen-free conditions in a temperature-
controlled room (22°C+2°C) with a 12-h light/dark
cycle. Animals had free access to a normal laboratory
diet (CRF-1) and water until 10 weeks of age, when
experiments were initiated. The mice were fed an
AIN-93 semi-purified diet or diet containing several
doses of rrans-resveratrol or MSE for 1 or 12 weeks.
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Table 1. Composition of the melinjo seed extract (MSE)

Components /100 g MSE
Nutrients
Moisture 48¢g
Protein 93¢
Fat 09¢g
Ash 52¢g
Available carbohydrate 798 ¢g
Dietary fiber <05¢g
Sodium 5.0 mg
Phosphorus 205 mg
Iron 0.33 mg
Calcium 10.9 mg
Potassium 244 ¢
Magnesium 167 mg
Copper 2.59 mg
Zinc 0.60 mg
Manganese 1.07 mg
Selenium 9 mg
Chlorine 179 mg
Trans-resveratrol and its derivatives
trans-resveratrol 0.11g
Gnetin C 284¢g
Gnemonoside A 13.68 g
Gnemonoside D 495¢
Gnemonoside C 1.98 ¢
Gnetin L 025¢g
trans-piceid 0.55¢g
Isorhapontigenin 020g

The composition of MSE was shown in Table 1%, To
evaluate the interaction between #ans-resveratrol or
MSE and drugs, the mice were fed an AIN-93 semi-
purified diet or diet containing several doses of #ans-
resveratrol or MSE for 12 weeks and then adminis-
tered warfarin racemate (A2250; Sigma-Aldrich Inc.,
St Louis, MO) (0.33 mg/kg) dissolved in 0.5% car-
boxymethylcellulose or vehicle via an intragastric injec-
tion for the last 2 days of the treatment regimen. Each
group comprised five mice. All animal experiments
were conducted with the approval of the National
Institute of Health and Nutrition Laboratory Animal
Ethics Committee.

Determination of Trans-Resveratrol or MSE doses
in Diets

The diets used in this experiment were AIN-93
semi-purified diets containing 0.005%, 0.05%, or
0.5% trans-resveratrol or MSE. According to the Japan
Health and Nutrition Food Association, the recom-
mended daily doses of total resveratrol in dietary sup-
plements are 2—100 mg/day (approximately 0.033—
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Table 2. Body weight, liver weight, and liver functional markers in plasma with 1 week of feeding

Control 0.005% 0.05% 0.5%

Body weicht (@) Res 20.8+0.4 20.8+0.4 20.8+0.4 20.5+0.1
Oy WeIght & MSE 21.5+0.4 21.2%0.4 21.4+0.2 21.6+0.4
Liver weight (&) Res 0.83+0.01 0.81%0.02 0.84%0.02 0.81%0.03
verwelght e MSE 0.86%0.02 0.85+0.02 0.83%0.01 0.81£0.01
Res 12406 14.6+1.1 14.2%1.9 15.3£0.6

AST (IU/L) MSE 12.1£0.4 13.5%0.5 15.6%2.4 13.2+0.4
Res 3702 5.0%0.8 3.8%0.2 47%0.1

ALT (IU/L) MSE 3.6%x0.3 4.0+0.4 4.4%0.3 4.5+0.4
Res 64.1%1.5 65.7+4.5 72.9+2.1 68.5+33

ALP (IU/L) MSE 63.9%1.3 72243 70.0% 1.4 66.8+0.9

Data presented as the mean = SEM. Body weight, liver weight, and plasma levels of AST, ALT, and ALP were measured 1 week after the
initiation of the experimental diet. Res; resveratrol, MSE; melinjo seed extract. =5 in each group.

1.7 mg/kg BW) for humans. MSE, which we used in
this study, contains approximately 25% total resvera-
trol (trans-resveratrol and its derivatives), and then the
recommended daily doses of MSE in dietary supple-
ments are 8—400 mg/day (approximately 0.13—6.7
mg/kg BW). This dose translated to 0.4—20 mg/kg
BW of resveratrol or 1.6—80 mg/kg BW of MSE for
mice using the body surface area normalization
method?”. Because mice (25 g BW) consume approxi-
mately 4 g diet/day, 0.05% (w/w) in the diet is similar
to 80 mg/kg BW intake. Therefore, we examined the
effects of 0.005%, 0.05%, or 0.5% trans-resveratrol or
MSE in the diet.

Plasma Chemistry

After 1 or 12 weeks of feeding, the mice were
killed under isoflurane anesthesia after overnight fast-
ing. Blood samples were obtained from the abdominal
aorta, and plasma samples were prepared immediately.
Plasma levels of AST (transaminase ClI-test Wako,
Wako Pure Chemical Industries, Ltd., Osaka, Japan),
ALT (transaminase ClI-test Wako, Wako Pure Chemi-
cal Industries, Ltd.), and ALP (LabAssay ALP, Wako
Pure Chemical Industries, Ltd.) were determined with
enzymatic methods, respectively.

Quantitative RT-PCR

After 1 or 12 weeks of feeding, total RNA was
extracted from the liver using the TRIzol Plus RNA
Purification System (Life Technologies, Carlsbad, CA)
and reverse transcribed with PrimeScript RT Master
Mix (Takara Bio Inc., Shiga, Japan). Quantitative RT-
PCR was performed on 96-well plates with the SYBR
Green PCR Master Mix and Thermal Cycler Dice
Real Time System Single (Takara Bio Inc.). Results

were expressed as the copy number ratio of the target

mRNA to Gapdh mRNA. The following mouse-spe-
cific primer pairs were used:

Gapdh forward 5'-TGATGCTGGTGCTGAGTAT-
GTCGT-3";

reverse 5'-TCTCGTGGTTCACACCCATCACAA-3;
Cyplal forward 5-AGCTTGGCCTGGATTACT-
GT-3%;

reverse 5'-AACCCCATCAACCCCAGTAG-3";
Cypla2 forward 5’-ACATCACAAGTGCCCTGTT-
CAAGC-3;

reverse 5'-ATCTTCCTCTGCACGTTAGGCCAT-3";
Cyp2c29 forward 5'-AGCCTACTGTCATATTGCA-
CGGGT-3%

reverse 5-CATGCCCAAATTTCGCAGGGTCAT-3";
Cyp3all forward 5'-AGGCAGAAGGCAAAGAAA-
GGCAAG-3;

reverse 5-TGAGGGAATCCACGTTCACTCCAA-3’;

Preparation of the Liver Microsomal Fraction
Livers were homogenized in 50 mM Tris-HCI
buffer containing 0.25 M sucrose (pH7.4) with a
polytron homogenizer. The homogenate was centri-
fuged at 10,000 xg for 30 min at 4°C, and the super-
natant was collected. The supernatant was re-centri-
fuged at 105,000 xg for 60 min at 4°C, and the super-
natant was discarded. The pellet was re-suspended in
50 mM Tris-HCI buffer (pH7.4) and used as the liver
microsomal fraction. Protein concentrations were

determined using the BCA protein assay kit (Pierce,
Rockford, IL).

Measurement of CYP Activity

The activity of each CYP subtype in the liver
microsomal fraction was measured using a lumines-
cent method using the P450-Glo™ CYPIAI System
(Luciferin-CEE) Assay, CYP1A2 System (Luciferin-
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. Effects of mans-resveratrol and MSE on CYP mRNA expression (1 week of feeding).

C57BL/6] mice (male, 10 weeks of age) were fed experimental diets containing 0%,
0.005%, 0.05%, or 0.5% (w/w) trans-resveratrol (A) or MSE (B) for 1 week. After over-
night fasting, the mice were killed, and the mRNA expression levels of the major CYP sub-
types in the liver were measured using real-time qPCR methods. Data are presented as a
percentage of the control. Bars show SEM. *P<0.05 vs. 0% MSE by a one-way ANOVA
with a Bonferroni post hoc test. 7=>5 in each group.
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Fig.2. Effects of mans-resveratrol and MSE on CYP subtype activities (1 week of feeding).
C57BL/6] mice were fed experimental diets containing 0%, 0.005%, 0.05%, or 0.5%
(w/w) trans-resveratrol (A) or MSE (B) for 1 week. Liver microsomal CYP activities
were measured. Data are presented as a percentage of the control. Bars show SEM.
*P<0.05 vs. 0% MSE by a one-way ANOVA with a Bonferroni post hoc test. n=5 in
each group.
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Table 3. Body weight, liver weight, liver functional markers in plasma with 12 weeks of feeding

Resveratrol Melinjo seed extract
Control
0.05% 0.5% 0.05% 0.5%

Body weight (g) 36.5%0.9 34.0£1.3 34.7+1.7 35.6+1.5 34.2%0.6
Liver weight (g) 1.16%0.03 1.10%0.04 1.11£0.05 1.08+0.06 0.97%0.01*
Liver functional markers

AST (IU/L) 23.4+4.6 13.7+0.8* 199+1.3 16.2%2.1 13.5%+0.7

ALT (IU/L) 1.8+0.2 1.4%0.6 1.9+0.3 1.8£0.5 14203

ALP (IU/L) 42.1%2.1 51.6+2.0* 447%2.6 39.1£0.9 39.5%1.9

Data presented as the mean = SEM. Body weight, liver weight, and plasma levels of AST, ALT, and ALP were measured 12 weeks after the initiation
of the experimental diet. *P<0.05 vs. the control by a one-way ANOVA with a Bonferroni post hoc test. =5 in each group.

1A2) Assay, CYP2C9 System (Luciferin-H) Assay,
CYP3A4 System (Luciferin-PPXE) Assay, and
NADPH Regeneration System with GloMax-Multi +
Detection System (Promega Co., Madison, WI). CYP
activity was adjusted by protein concentrations, and
results were represented as a percentage of the control.

Measurement of Anticoagulant Activity

Blood samples were immediately centrifuged at
800 xg at 4°C for 15 min to prepare plasma. Coagula-
tion parameters [prothrombin time (PT), activated
partial thromboplastin time (APTT), and thrombotest
Owren (TTO)] were measured using an automated
blood coagulation analyzer (CA-50; Sysmex Co.,
Hyogo, Japan) according to the manufacturer’s proto-
col. PT and TTO are indicators of the extrinsic and
common pathways of the coagulation cascade, respec-
tively, and are used to monitor warfarin therapy. APTT
is an indicator of both the intrinsic and common
pathways of the coagulation cascade.

Statistical Analysis

Data are presented as the mean = SEM. Compar-
isons of data from multiple groups were performed by
a one-way ANOVA with a Bonferroni post hoc test
(SPSS 18.0] for Windows, IBM Co. Armonk, NY).
P<0.05 was considered to be significant.

Results

Effects of Trans-Resveratrol and MSE for a Short
Period (1 Week of Feeding)

When the mice were fed experimental diets con-
taining 0.005%, 0.05%, or 0.5% trans-resveratrol or
MSE for 1 week, neither trans-resveratrol nor MSE
affected the body or liver weights (Table 2). Moreover,
neither trans-resveratrol nor MSE affected the plasma
levels of AST, ALT, or ALP (Table 2). Under these
conditions, trans-resveratrol did not affect Cyplal, 1a2,
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2¢29, or 3all mRNA expression levels in the liver
(Fig. 1A) or their activities in liver microsomal frac-
tions (Fig.2A). In contrast, 0.5% MSE significantly
suppressed Cyp3all mRNA expression levels and
increased CYP1A1 activity, whereas 0.005% and 0.05%
MSE did not (Fig. 1B and 2B).

Effects of Trans-Resveratrol and MSE for a Long
Period (12 Weeks of Feeding)

We examined the effects of 12 weeks of feeding
diets with 0.05% or 0.5% trans-resveratrol and MSE.
When the mice were fed experimental diets for 12
weeks, trans-resveratrol and MSE slightly suppressed
body weight gain (Table 3). In addition, liver weights
were significantly lower in mice that were fed the
0.5% MSE diet than in control mice (Table 3). Trans-
resveratrol and MSE suppressed the plasma levels of
AST but did not affect those of ALT. In contrast,
0.05% rrans-resveratrol significantly increased the
plasma levels of ALP but within normal ranges. Under
these conditions, 0.05% #rans-resveratrol slightly
increased Cyp3all mRNA expression levels in the
liver (Fig.3) and significantly increased CYP1AL, 2C,
and 3A activities in liver microsomal fractions (Fig. 4),
whereas 0.5% #rans-resveratrol did not. In contrast,
MSE did not affect CYP mRNA expression levels
(Fig.3), whereas 0.5% MSE significantly suppressed
CYP3A activity (Fig.4).

Interaction of Trans-Resveratrol or MSE with
Warfarin

Trans-resveratrol (0.05%), 12 weeks) significantly
increased the activities of the major CYPs, including
CYP2C, and may have influenced the efficacy of the
drugs metabolized by CYP2C. To address this issue,
the mice were fed an experimental diet containing
0.05% or 0.5% trans-resveratrol or MSE for 12 weeks,
and warfarin racemate or vehicle was then adminis-
trated on the last 2 days. The co-administration of
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Fig.3. Effects of #rans-resveratrol and MSE on CYP mRNA expression levels (12 weeks of feeding).
C57BL/6] mice were fed experimental diets containing 0%, 0.05%, or 0.5% (w/w) trans-resvera-
trol or MSE for 12 weeks. The major CYP subtype mRNA expression levels in the liver were mea-
sured using real-time qPCR methods. Data are presented as a percentage of the control. Bars show
SEM. *P<0.05 vs. 0% MSE by a one-way ANOVA with a Bonferroni post hoc test. =5 in each

group.

trans-resveratrol and warfarin did not affect the body
and liver weights (Table 4). Under these conditions,
trans-resveratrol itself did not affect PT, APTT, or
TTO (Fig.5A). However, in the presence of warfarin,
PT and APTT were higher with 0.5% #rans-resveratrol
than with 0% #rans-resveratrol (Fig.5A). In contrast,
MSE slightly decreased the body and liver weights
with or without warfarin (Table 4). Under these con-
ditions, 0.5% MSE itself slightly shortened APTT
(Fig.5B). In the presence of warfarin, PT, APTT, and
TTO were slightly higher with 0.5% MSE than with

0% MSE, but it was not statistically significance
(Fig.5B).

Discussion

In the present study, 0.05% #rans-resveratrol in
the diet enhanced the activities of CYP1A1, 2C, and
3A but did not affect the anticoagulant activity of
warfarin. In contrast, 0.5% trans-resveratrol in the diet
did not affect the activities of CYP, but enhanced the

anticoagulant activity of warfarin, even though #ans-
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Fig. 4. Effects of trans-resveratrol and MSE on CYP subtype activities (12 weeks of feeding). C57BL/6]
mice were fed experimental diets containing 0%, 0.05%, or 0.5% (w/w) trans-resveratrol or
MSE for 12 weeks. Liver microsomal CYP activities were measured. Data are presented as a per-
centage of the control. Bars show SEM. *P<0.05, **P<0.01 vs. control by a one-way ANOVA
with a Bonferroni post hoc test. #=5 in each group.

resveratrol itself did not exhibit anticoagulant activity.
MSE did not affect the anticoagulant activity of war-
farin.

Two possibilities have been suggested for why
trans-resveratrol enhanced the anticoagulant activity of
warfarin, whereas MSE did not in this experiment.
MSE is mainly composed of resveratrol derivatives,
the characteristics of which differ from those of #ans-
resveratrol® . Therefore, the abilities of #7ans-resvera-
trol and MSE (the mixture of active compounds, which
including zrans-resveratrol and resveratrol derivatives)
to interact with drugs differ. The second possibility,
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MSE contains approximately 25% of trans-resveratrol
and its derivatives, indicating that 0.5% MSE in diet
is similar to 0.125% active compounds in diet. In the
present study, 0.5% MSE slightly, but not signifi-
cantly, increased PT, APTT, and TTO. Therefore,
there is a possibility that more than 0.5% of MSE in
diet may enhance the anticoagulant activity of warfa-
rin. However, when people use MSE dietary supple-
ments within the recommended daily dose, MSE
could not interact with warfarin.

We previously surveyed dietary supplement usage
in patients in Japan and found that some had been
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Table 4. Body weight and liver weight with 12 weeks of feeding

Control Warfarin
0% 0.05% 0.5% 0% 0.05% 0.5%

Resveratrol

Body weight (g) 28.4%0.5 31.620.7* 30.4%0.9 30.8£0.6 31.5%0.9 29.8+0.5

Liver weight (g) 1.09+0.03 1.08£0.04 1.04£0.06 1.10+0.03 1.13+0.04 0.99+0.06
MSE

Body weight (g) 359%1.2 33.2%1.5 33425 34.7%1.1 30.8+0.8" 31.2+0.4

Liver Weight (g 1.07£0.05 0.99+0.05 1.01+£0.07 1.07+£0.04 0.97+0.02 0.98+0.02

Data presented as the mean+SEM. Body and liver weights were measured 12 weeks after the initiation of the experimental diet. *P<0.05 vs. 0%
resveratrol or MSE in each treatment by a one-way ANOVA with a Bonferroni post hoc test. =4 or 5 in each group.

concomitantly taking dietary supplements and medi-
cines'?. However, approximately 70% of these patients
did not declare the use of dietary supplements to their
physicians'?. Therefore, health issues caused by inter-
actions between dietary supplements and drugs may
occur. Interactions between dietary supplements and
drugs have mainly been observed at the absorption
and metabolism steps®”. ATP-binding cassette (ABC)
transporters are associated with the absorption of
drugs in the intestines. ABCB1, also known as P-gly-
coprotein, has been shown to play an important role
in drug efflux®?. Previous studies showed that resvera-
trol inhibited P-glycoprotein activity both in vitro®®
and 77 vivo®*” models. However, it is reported that the
absorption of warfarin was independent of P-glyco-
protein activity35>. In contrast, CYPs are known to
play an important role in drug metabolism. The effects
of resveratrol on CYP1A1, 1A2, 1B1, and 3A4 have
been extensively investigated?”, whereas few studies
have examined CYP2C. In the present study, #ans-
resveratrol did not affect or increase CYP2C activity,
which depended on the time and dose administered.
In this study, we used warfarin racemate, and the anti-
coagulant property of R-warfarin is less than that of
S-warfarin®®. S-warfarin is metabolized by CYP2C9,
whereas R-warfarin is metabolized by CYP1AI, 1A2,
and 3A4 in humans®® %", In the present study, the
activities of CYP1A1, 2C, and 3A were increased by
0.05% resveratrol. Therefore, the metabolism of S-war-
farin and R-warfarin may have been enhanced. How-
ever, 0.05% resveratrol did not affect the anticoagu-
lant activity of warfarin, whereas 0.5% resveratrol
increased it (prolonged PT and APTT), even though
the activities of CYPs did not change by 0.5% resvera-
trol. A previous study reported that mans-resveratrol
was metabolized by CYP1A1, 1A2, and 1B1°®. In con-
trast, it was also reported that #rans-resveratrol inhib-
ited CYP1Al, 1B1, and 1A2%. Previous studies
showed that resveratrol suppressed platelet aggrega-

tion“” “V and prevented atherosclerosis by inhibiting

platelet aggregation in a mouse model*”. This anti-
platelet activity of resveratrol may have had an impact
on the results obtained in the present study.

Resveratrol is regarded as a candidate for disease
therapies against obesity, diabetes mellitus®, athero-
sclerosis” ¥, Alzheimer’s disease!?, and cancers'). In
addition to animal studies, clinical studies have also
been conducted. Resveratrol was found to improve
insulin sensitivity and postprandial plasma glucose in
subjects with impaired glucose tolerance®. Its admin-
istration was also reported to significantly improve
mean hemoglobin Alc, systolic blood pressure, and
total cholesterol levels in patients with type 2 diabetes
mellitus* *. Furthermore, a resveratrol-enriched grape
extract treatment significantly improved the lipid pro-
file*® and inflammatory cytokine levels*” in the blood.
Resveratrol has also been shown to induce dose-depen-
dent increases in cerebral blood flow without influenc-
ing cognitive function®®. A previous study reported
that it reduced tumor cell proliferation by 5% in
patients with colorectal cancer®. In contrast, few stud-
ies have examined MSE, with only two demonstrating
its safety?* .

Conclusion

In the present study, 0.05% #rans-resveratrol or
MSE did not interact with warfarin, whereas 0.5%
trans-resveratrol enhanced the anticoagulant effects of
warfarin in a mouse model. Although we used a
mouse model, our results indicate that care is needed
regarding the concomitant use of resveratrol and drugs
by patients.
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experimental diets containing 0%, 0.05%, or 0.5% (w/w) trans-resveratrol (A) or MSE (B) for 12 weeks. Warfarin racemate
(0.33 mg/kg) dissolved in 0.5% carboxymethylcellulose or vehicle was administrated via an intragastric injection for the last
2 days of the treatment regimen. After overnight fasting, the mice were killed, and PT, APTT, and TTO were measured.
Bars show SEM. *P<0.05 vs. 0% trans-resveratrol or MSE in each treatment by a one-way ANOVA with a Bonferroni post
hoc test. =4 or 5 in each group.



Resveratrol Enhances Warfarin Efficacy

Conflicts of Interest

This research was supported by Yamada Bee
Company Inc. (Okayama, Japan). Y. Kimura and T.
Tatefuji are employees of Yamada Bee Company, Inc.
No other authors declare any potential conflicts of
interest.

References

1) Agarwal B, Baur JA. Resveratrol and life extension. Ann
N Y Acad Sci. 2011; 1215: 138-143
2) Verheij EWM, Sukendar EV. Gnetum genmon L. In:
Plant resources of South East Asia no. 2, ed by Verheij
EWM. and Coronel RE, pp182-184, Eddible Frouits and
nuts. Prosea Foundation, Bogor, Indonesia. 1991
3) Kato E, Tokunaga Y, Sakan E Stilbenoids isolated from
the seeds of melinjo (gnetum gnemon 1.) and their bio-
logical activity. ] Agric Food Chem. 2009; 57: 2544-2549
4) Piver B, Berthou F, Dreano Y, Lucas D. Differential inhi-
bition of human cytochrome p450 enzymes by epsilon-
viniferin, the dimer of resveratrol: Comparison with res-
veratrol and polyphenols from alcoholized beverages. Life
Sci. 2003; 73: 1199-1213
5) Zghonda N, Yoshida S, Ezaki S, Otake Y, Murakami C,
Mliki A, Ghorbel A, Miyazaki H. Epsilon-viniferin is
more effective than its monomer resveratrol in improving
the functions of vascular endothelial cells and the heart.
Biosci Biotechnol Biochem. 2012; 76: 954-960
6) Szkudelska K, Szkudelski T. Resveratrol, obesity and dia-
betes. Eur ] Pharmacol. 2010; 635: 1-8
7) Das S, Das DK. Resveratrol: A therapeutic promise for
cardiovascular diseases. Recent Pat Cardiovasc Drug Dis-
cov. 2007; 2: 133-138
8) Voloshyna I, Hussaini SM, Reiss AB. Resveratrol in cho-
lesterol metabolism and atherosclerosis. ] Med Food.
2012; 15: 763-773
9) Dolinsky VW, Chakrabarti S, Pereira TJ, Oka T, Levas-
seur J, Beker D, Zordoky BN, Morton ]S, Nagendran J,
Lopaschuk GD, Davidge ST, Dyck JR. Resveratrol pre-
vents hypertension and cardiac hypertrophy in hyperten-
sive rats and mice. Biochim Biophys Acta. 2013; 1832:
1723-1733
10) Davinelli S, Sapere N, Zella D, Bracale R, Intrieri M,
Scapagnini G. Pleiotropic protective effects of phyto-
chemicals in alzheimer’s disease. Oxid Med Cell Longev.
2012; 2012: 386527
11) Athar M, Back JH, Tang X, Kim KH, Kopelovich L,
Bickers DR, Kim AL. Resveratrol: A review of preclinical
studies for human cancer prevention. Toxicol Appl Phar-
macol. 2007; 224: 274-283
12) Chiba T, Sato Y, Nakanishi T, Yokotani K, Suzuki S,
Umegaki K. Inappropriate usage of dietary supplements
in patients by miscommunication with physicians in
japan. Nutrients. 2014; 6: 5392-5404
13) Madabushi R, Frank B, Drewelow B, Derendorf H, But-
terweck V. Hyperforin in st. John’s wort drug interactions.
Eur J Clin Pharmacol. 2006; 62: 225-233
14) Izzo AA, Ernst E. Interactions between herbal medicines

and prescribed drugs: An updated systematic review.
Drugs. 2009; 69: 1777-1798

15) Hermann R, von Richter O. Clinical evidence of herbal
drugs as perpetrators of pharmacokinetic drug interac-
tions. Planta Med. 2012; 78: 1458-1477

16) Shord SS, Shah K, Lukose A. Drug-botanical interactions:
A review of the laboratory, animal, and human data for 8
common botanicals. Integr Cancer Ther. 2009; 8: 208-
227

17) Yokotani K, Chiba T, Sato Y, Taki Y, Yamada S, Shino-
zuka K, Murata M, Umegaki K. Hepatic cytochrome
p450 mediates interaction between warfarin and coleus
forskohlii extract in vivo and in vitro. ] Pharm Pharmacol.
2012; 64: 1793-1801

18) Virgona N, Yokotani K, Yamazaki Y, Shimura F, Chiba T,
Taki Y, Yamada S, Shinozuka K, Murata M, Umegaki K.
Coleus forskohlii extract induces hepatic cytochrome
p450 enzymes in mice. Food Chem Toxicol. 2012; 50:
750-755

19) Muto S, Fujita K, Yamazaki Y, Kamataki T. Inhibition by
green tea catechins of metabolic activation of procarcino-
gens by human cytochrome p450. Mutat Res. 2001; 479:
197-206

20) Bamba Y, Yun YS, Kunugi A, Inoue H. Compounds iso-
lated from curcuma aromatica salisb. Inhibit human p450
enzymes. ] Nat Med. 2011; 65: 583-587

21) Nakajima M, Itoh M, Yamanaka H, Fukami T, Tokudome
S, Yamamoto Y, Yamamoto H, Yokoi T. Isoflavones
inhibit nicotine c-oxidation catalyzed by human cyp2a6. ]
Clin Pharmacol. 2006; 46: 337-344

22) Chen Y, Xiao P, Ou-Yang DS, Fan L, Guo D, Wang YN,
Han Y, Tu JH, Zhou G, Huang YF, Zhou HH. Simulta-
neous action of the flavonoid quercetin on cytochrome
p450 (cyp) 1a2, cyp2a0, n-acetyltransferase and xanthine
oxidase activity in healthy volunteers. Clin Exp Pharma-
col Physiol. 2009; 36: 828-833

23) Kimura Y, Ito H, Ohnishi R, Hatano T. Inhibitory effects
of polyphenols on human cytochrome p450 3a4 and 2¢9
activity. Food Chem Toxicol. 2010; 48: 429-435

24) Detampel P, Beck M, Krahenbuhl S, Huwyler J. Drug
interaction potential of resveratrol. Drug Metab Rev.
2012; 44: 253-265

25) Ciolino HP, Daschner PJ, Yeh GC. Resveratrol inhibits
transcription of cyplal in vitro by preventing activation
of the aryl hydrocarbon receptor. Cancer Res. 1998; 58:
5707-5712

26) Chang TK, Lee WB, Ko HH. Trans-resveratrol modulates
the catalytic activity and mrna expression of the procar-
cinogen-activating human cytochrome p450 1b1. Can J
Physiol Pharmacol. 2000; 78: 874-881

27) Chang TK, Yeung RK. Effect of trans-resveratrol on 7-ben-
zyloxy-4-trifluoromethylcoumarin o-dealkylation cata-
lyzed by human recombinant cyp3a4 and cyp3a5. Can ]
Physiol Pharmacol. 2001; 79: 220-226

28) Chow HH, Garland LL, Hsu CH, Vining DR, Chew
WM, Miller JA, Perloff M, Crowell JA, Alberts DS. Res-
veratrol modulates drug- and carcinogen-metabolizing
enzymes in a healthy volunteer study. Cancer Prev Res
(Phila). 2010; 3: 1168-1175

29) Tatefuji T, Yanagihara M, Fukushima S, Hashimoto K.
Safety assessment of melinjo (gnetum gnemon l.) seed

1109



Chiba et al.

extract: Acute and subchronic toxicity studies. Food
Chem Toxicol. 2014; 67: 230-235

30) Reagan-Shaw S, Nihal M, Ahmad N. Dose translation
from animal to human studies revisited. FASEB J. 2008;
22: 659-661

31) Cho HJ, Yoon IS. Pharmacokinetic interactions of herbs
with cytochrome p450 and p-glycoprotein. Evid Based
Complement Alternat Med. 2015; 2015: 736431

32) Zakeri-Milani P, Valizadeh H. Intestinal transporters:
Enhanced absorption through p-glycoprotein-related drug
interactions. Expert Opin Drug Metab Toxicol. 2014; 10:
859-871

33) Nabekura T, Kamiyama S, Kitagawa S. Effects of dietary
chemopreventive phytochemicals on p-glycoprotein func-
tion. Biochem Biophys Res Commun. 2005; 327: 866-
870

34) Choi JS, Choi BC, Kang KW. Effect of resveratrol on the
pharmacokinetics of oral and intravenous nicardipine in
rats: Possible role of p-glycoprotein inhibition by resvera-
trol. Pharmazie. 2009; 64: 49-52

35) Wadelius M, Sorlin K, Wallerman O, Karlsson ], Yue QY,
Magnusson PK, Wadelius C, Melhus H. Warfarin sensi-
tivity related to cyp2c9, cyp3a5, abecbl (mdrl) and other
factors. Pharmacogenomics J. 2004; 4: 40-48

36) Schwarz UI, Stein CM. Genetic determinants of dose and
clinical outcomes in patients receiving oral anticoagulants.
Clin Pharmacol Ther. 2006; 80: 7-12

37) Wadelius M, Pirmohamed M. Pharmacogenetics of war-
farin: Current status and future challenges. Pharmacoge-
nomics J. 2007; 7: 99-111

38) Piver B, Fer M, Vitrac X, Merillon JM, Dreano Y, Ber-
thou E Lucas D. Involvement of cytochrome p450 1a2 in
the biotransformation of trans-resveratrol in human liver
microsomes. Biochem Pharmacol. 2004; 68: 773-782

39) Chang TK, Chen ], Lee WB. Differential inhibition and
inactivation of human cypl enzymes by trans-resveratrol:
Evidence for mechanism-based inactivation of cypla2. J
Pharmacol Exp Ther. 2001; 299: 874-882

40) Bertelli AA, Giovannini L, Giannessi D, Migliori M, Ber-
nini W, Fregoni M, Bertelli A. Antiplatelet activity of syn-
thetic and natural resveratrol in red wine. Int J Tissue
React. 1995; 17: 1-3

41) Pace-Asciak CR, Hahn S, Diamandis EP, Soleas G, Gold-
berg DM. The red wine phenolics trans-resveratrol and
quercetin block human platelet aggregation and eico-
sanoid synthesis: Implications for protection against coro-
nary heart disease. Clin Chim Acta. 1995; 235: 207-219

42) Fukao H, ljiri Y, Miura M, Hashimoto M, Yamashita T,
Fukunaga C, Oiwa K, Kawai Y, Suwa M, Yamamoto J.

1110

Effect of trans-resveratrol on the thrombogenicity and
atherogenicity in apolipoprotein e-deficient and low-den-
sity lipoprotein receptor-deficient mice. Blood Coagul
Fibrinolysis. 2004; 15: 441-446

43) Crandall JP, Oram V, Trandafirescu G, Reid M, Kishore P,
Hawkins M, Cohen HW, Barzilai N. Pilot study of resve-
ratrol in older adults with impaired glucose tolerance. ]
Gerontol A Biol Sci Med Sci. 2012; 67: 1307-1312

44) Brasnyo P, Molnar GA, Mohas M, Marko L, Laczy B,
Cseh J, Mikolas E, Szijarto IA, Merei A, Halmai R,
Meszaros LG, Sumegi B, Wittmann I. Resveratrol
improves insulin sensitivity, reduces oxidative stress and
activates the akt pathway in type 2 diabetic patients. Br ]
Nutr. 2011; 106: 383-389

45) Bhatt JK, Thomas S, Nanjan M]J. Resveratrol supplemen-
tation improves glycemic control in type 2 diabetes melli-
tus. Nutr Res. 2012; 32: 537-541

46) Tome-Carneiro J, Gonzalvez M, Larrosa M, Garcia-
Almagro FJ, Aviles-Plaza F, Parra S, Yanez-Gascon MJ,
Ruiz-Ros JA, Garcia-Conesa MT, Tomas-Barberan FA,
Espin JC. Consumption of a grape extract supplement
containing resveratrol decreases oxidized 1dl and apob in
patients undergoing primary prevention of cardiovascular
disease: A triple-blind, 6-month follow-up, placebo-con-
trolled, randomized trial. Mol Nutr Food Res. 2012; 56:
810-821

47) Tome-Carneiro J, Gonzalvez M, Larrosa M, Yanez-Gas-
con MJ, Garcia—Almagro FJ, Ruiz-Ros JA, Garcia-Conesa
MT, Tomas-Barberan FA, Espin JC. One-year consump-
tion of a grape nutraceutical containing resveratrol
improves the inflammatory and fibrinolytic status of
patients in primary prevention of cardiovascular disease.
Am ] Cardiol. 2012; 110: 356-363

48) Kennedy DO, Wightman EL, Reay JL, Lietz G, Okello
EJ, Wilde A, Haskell CE Effects of resveratrol on cerebral
blood flow variables and cognitive performance in
humans: A double-blind, placebo-controlled, crossover
investigation. Am J Clin Nutr. 2010; 91: 1590-1597

49) Patel KR, Brown VA, Jones DJ, Britton RG, Hemingway
D, Miller AS, West KP, Booth TD, Perloff M, Crowell JA,
Brenner DE, Steward WD, Gescher AJ, Brown K. Clinical
pharmacology of resveratrol and its metabolites in colorec-
tal cancer patients. Cancer Res. 2010; 70: 7392-7399

50) Tani H, Hikami S, Iizuna S, Yoshimatsu M, Asama T, Ota
H, Kimura Y, Tatefuji T, Hashimoto K, Higaki K. Phar-
macokinetics and safety of resveratrol derivatives in
humans after oral administration of melinjo (gnetum
gnemon l.) seed extract powder. ] Agric Food Chem.
2014; 62: 1999-2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


