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Abstract

Objective: Raspberry ketone (RK) is available as a supplement with effect on weight gain suppression. Recent
studies have found that various herbal products can affect the activities of drug metabolizing enzymes and drug
efflux proteins, and provoke clinically relevant drug-drug interactions. Capsaicin, a molecule having a similar
chemical structure to RK, is another well-known cytochrome P450 (CYP) inhibitor. On the other hand, it is totally
unclear whether RK has any effect on human CYP activities. In this study, we evaluated the effect of orally
administered RK on CYP3A activity by measuring 6beta-hydroxycortisol/cortisol ratio in urine samples.

Methods: This clinical study was conducted with approval by the Institutional Review Board at Gunma University
Hospital. A total of 7 healthy women aged between 20 and 35 years were included and all of them provided written
informed consent. Urine samples were collected from all subjects on the morning of day 5 (+ 1 day) of menstrual
cycle. In the subsequent RK phase, subjects took 3 tablets (16.7 mg/tab) of RK 3 times daily for 7 days, followed by
urine sampling on the morning of day 8. In the control phase, the second morning urine sampling was performed 8
days after the first sampling. Urine 6beta-hydroxycortisol and cortisol concentrations were measured by HPLC UV
method and the 6beta-hydroxycortisol to cortisol ratio was compared between the two phases.

Results: The mean basal and assessment ratios in the RK phase were 7.49 + 4.76 and 9.20 * 8.05, respectively,
while the corresponding ratios in the control phase were 5.36 + 3.17 and 5.19 + 4.61, showing no significant
difference in either phase.

Conclusion: RK does not affect CYP3A activity.
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Introduction

Raspberry ketone (4-(4-hydroxyphenyl) butane-2-on) is an aroma
component of red raspberry. It has a chemical structure similar to that
of capsaicin and has been shown to reduce weight gain in obese rats
[1]. Wang et al reported that 40 rats given raspberry ketone with
fattening diet were protected against fatty liver [2]. In another study
conducted in human, the participants who takes raspberry ketone
concomitant with caffeine, garlic, capsaicin, ginger and synephrine lost
7.8% of their fat mass, compared with the placebo group which lost
2.8% [3]. In Japan, it has been commercially available as a supplement
for weight reduction since 2002.

A lot of studies have found that various herbal products, dietary
supplements, herbal medicines and other plant-derived ingredients can
affect the activities of drug metabolizing enzymes, such as cytochrome
P450 (CYP), and drug efflux proteins, such as MDRI, and provoke

clinically relevant drug-drug interactions. A major representative of
these products is St. John's wort, which has been shown to induce the
expressions of CYP2C9 [4], CYP2C19 [5] and CYP3A4 [6], thereby
interfering with the efficacy of warfarin, cyclosporin and oral
contraceptives. Capsaicin is another well-known CYP inhibitor [7], so
that it is an important issue whether raspberry ketones with similar
structures also have similar effects. In our previous study, raspberry
ketone had shown little impact on CYP3A activity in rats [8]. On the
other hand, it is totally unclear whether raspberry ketone has any effect
on human CYP activities.

Renal clearance of hydroxycortisol has been reported to be an
indicator of CYP3A activity [9], however, the measurement of blood
concentration is required. To reduce stress for the subjects, it has been
reported that the hydroxycortisol/cortisol ratio in urine samples is
available as an indicator of CYP induction [10].

In this study, we investigated the effect of oral administration of
raspberry ketone on 6beta-hydroxycortisol/cortisol ratio as an index of
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CYP3A activity in young healthy women who are potential main user
of raspberry ketone.

Materials and Methods

Chemicals and materials

Raspberry ketone was kindly supplied by Kanebo (Tokyo, Japan) as
Vitarosso Tablet containing 16.7 mg of raspberry ketone in one tablet.
The tablet also contains Gymnema sylvestris extract, adlay seed
extracts, inositol and ascorbic acid as minor constituents. All other
chemicals and reagents were obtained from commercial sources and
used without further purification.

Clinical experiments

All clinical experimental procedures were approved by the
Institutional Review Board in Gunma University Hospital. Seven
healthy women aged 20-35 years were included in this randomized
crossover open study. All participants gave written consent to
participate in the study after they were informed of the study purpose
and procedures. The exclusion criteria were use of any prescription
drugs including contraceptives, pregnancy, and history of intake of
raspberry ketone. We ascertained normal renal and hepatic function in
all participants by routine clinical laboratory tests before the following
procedures were performed.

The participants were requested to abstain from any supplements,
herbal tea, St. John’s wort, grapefruit juice, alcohol, coffee, and smoking
during the study. Subjects were randomized into two study groups.
Urine samples were collected from all subjects on the morning of day 5
(x 1 day) of menstrual cycle and the basal hydroxycortisol/cortisol
ratio was measured. In the subsequent raspberry ketone phase, subjects
took 3 tablets (16.7 mg/tab) of raspberry ketone 3 times daily for 7
days, followed by urine sampling on the morning of day 8 to calculate
the assessment ratio. In the control phase, the second morning urine
sampling was performed 8 days after the first sampling. In 3 of the 7
subjects, the first urine sampling was performed in the control phase
and the second sampling in the raspberry ketone phase was performed
in the subsequent menstrual cycle.

Measurement of 6beta-hydroxycortisol and cortisol in urine

To 1 mL of urine sample, 2 ug of dexamethasone as internal
standard, 1 mL of 500 mM borate buffer (pH 8.0) and 5 mL of
ethylacetate were added. The mixture was vigorously shaken for 10
min, then centrifuged at 2000 g for 10 min. The upper organic layer
was taken and evaporated to dryness under reduced pressure, then the
residue was dissolved with 6.5% acetonitrile, and injected into HPLC.
The HPLC apparatus used was Waters 2960 separation module
equipped with Waters 996 photodiode array detector (Waters, Milford,
Massachusetts). The separation was performed on a YMC-Pack Pro
C18 (250 mm x 4.6 mm id.) (YMC, Kyoto), monitored by UV
absorbance at 245 nm and operated at 1.0 mL/min. The column
temperature was maintained at 40°C. The mobile phase is the mixture
of solution A (acetonitrile) and solution B (50 mM KH,PO, / 10 mM
acetic acid). The ratio of solution B was linearly increased from 6.5% at
time 0 to 55% at 25 min, kept at 55% from 25 min to 35 min, then kept
at 6.5% from 30 min to 40 min. The lower limit of quantification was
10 ng/mL for each compound.

Statistical analysis

The significance between basal and assessment ratio of urine 6beta-
hydroxycortisol/cortisol ratios were evaluated by Wilcoxon t-test.
P<0.05 was considered statistically significant. The results were
expressed as the mean + standard deviation (SD).

Results

Urine 6beta-hydroxycortisol/cortisol ratios in the raspberry ketone
phase and control phase in seven subjects are shown in Table 1. In the
raspberry ketone phase, the average basal ratio and average assessment
ratio were 7.49 + 4.76 and 9.20 + 8.05, respectively. There was no
significant difference in both ratios. Similarly, in the control phase, the
average basal ratio and average assessment ratio were 5.36 * 3.17 and
5.19 + 4.61, respectively. There was also no significant difference.

Subjects Mean S.D. P-value
No.1 No.2 No.3 No.4 No.5 No.6 No.7
Basal ratio 9.00 1.92 6.16 17.15 6.88 6.02 5.30 7.49 4.76
Raspberry ketone 0.60
phase assessment ratio 7.52 11.80 425 26.41 414 5.16 513 9.20 8.05
Basal ratio 8.60 2.68 10.71 3.52 4.47 5.27 2.24 5.36 3.17
Control phase 0.60
assessment ratio 1.89 6.82 14.82 3.80 1.39 3.15 4.51 5.19 4.61

Table 1: Urine 6beta-hydroxycortisol/cortisol ratio in Rasberry ketone phase and control phase. S.D. means standard deviation.

Discussion

In this study, administration of raspberry ketone did not lead to a
significant increase in the 6beta-hydroxycortisol/cortisol ratio,
suggesting that raspberry ketone does not induce CYP3A expression.

Galteau et al. [9] have shown that renal clearance of hydroxycortisol
can be a good indicator of CYP3A induction while the
hydroxycortisol/cortisol ratio is susceptible to daily fluctuation and

renal clearance and thus it cannot be a good indicator. Similar results
have also been reported by Furuta et al. [11]. Chen et al. [12] reported
the lack of correlation between hydroxycortisol/cortisol ratio and
midazolam clearance, which is probably because they did not pay
much attention to change in renal cortisol clearance associated with
varying urine output or daily fluctuation [13]. Taking these factors into
consideration, the hydroxycortisol/cortisol ratio in morning spot urine
samples may be used as an indicator of CYP induction [10]. Cortisol
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secretion is subject to daily fluctuation, which can be minimized by
using the hydroxycortisol/cortisol ratio [14-18]. However, Ohno et al.
[19] have demonstrated that diurnal variations of 6beta-
hydroxycortisol and of cortisol were not really parallel, and therefore,
the ratio varied from 4.3 to 12.6 as a daily fluctuation. It is therefore
very important to collect samples at the same time of the day.

Katz et al. [20] and Burstein et al. [21] did not find any significant
variation in the hydroxycortisol/cortisol ratio in 13 healthy females
during the four different weeks of their menstrual cycle. Similarly, Lin
et al. [22] did not find any significant difference in the ratio
hydroxycortisol/cortisol in neither Caucasians nor in Asian women
during the different periods of their menstrual cycle. Although
hormonal status is unlikely to affect the hydroxycortisol/cortisol ratio,
we eliminated this potential effect by collecting samples from subjects
taking into account their menstrual cycle. Alcohol consumption may
have some effects and thus was prohibited in this study [23]. Smoking
[24-27] and caffeine-containing beverage [28] are unlikely to affect the
parameter, but were prohibited just in case.

Without citing examples of St. John's wort, drug-food interactions
are known to be of clinical significance. Co-administration of drugs
with CYP3A4-inducing activity has been shown to reduce the AUC
and hence efficacy of low-dose oral contraceptives [29,30]. Since
raspberry ketone is a supplement taken for the purpose of body fat
reduction and may be used preferably by young women it is
particularly important to consider its effect on the metabolizing
activity of CYP3A.

The results of the present study suggest that raspberry ketone does
not affect CYP3A activity.
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