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Abstract

Previously, we have reported the pharmacokinetic properties of a-mangostin in mice. For this
study, we evaluated the pharmacokinetic profile of a-mangostin using a standardized mangosteen
extract in C57BL/6 mice. The primary objective was to determine the pharmacokinetic properties
of a-mangostin when administered as an extract. This experiment was designed to test our primary
hypothesis that a-mangostin in an extract should achieve a desirable pharmacokinetic profile. This
is especially relevant as dietary supplements of mangosteen fruit are regularly standardized to a-
mangostin. Mice received 100 mg/kg of mangosteen fruit extract orally, equivalent to 36 mg/kg of
a-mangostin, and plasma samples were analyzed over a 24 hour period. Concentrations of a-
mangostin were determined by LC-MS/MS. In addition, we evaluated the stability in the presence
of phase I and phase Il enzymes in liver and gastrointestinal microsomes. Furthermore, we
identified evidence of phase 1l metabolism of a-mangostin. Further research will be required to
determine if less abundant xanthones present in the mangosteen may modulate the
pharmacokinetic parameters of a-mangostin.
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1 Introduction

a-Mangostin (1,3,6-Trihydroxy-7-methoxy-2,8-bis(3-methyl-2-butenyl)-9H-xanthen-9-one,
see Figure 1) is the most abundant polyphenolic xanthone in the mangosteen (Garcinia
mangostana) fruit and has been associated with a multitude of health promoting properties
(1). Historically, this plant has been used for arthritis, dysentery, inflammation, skin
disorders, and wounds. a-Mangostin is comprised of a tricyclic aromatic ring system and a
mixture of hydroxyl and isoprenyl groups, making it extremely hydrophobic (2). For
centuries, the mangosteen fruit has been used medically in Southeast Asia and is fast
becoming a popular dietary supplement and juice beverage. For these reasons, products
containing a-mangostin have been receiving increased attention by scientists and consumers
for its potential health promoting properties. More recently, a variety of biological activities
were reported with xanthones from the mangosteen fruit or standardized extracts that
included antioxidant (3,4), anti-inflammatory (5-7), anti-bacterial (8-11), and anti-cancer
related effects (12-15).

In both mice and rats, a-mangostin is well tolerated following multiple doses as high as 200
mg/kg and is not associated with any specific toxicity (16). For preclinical pharmacokinetic
studies, mice are an ideal choice because the amount of starting study material compared to
rats is less (e.g. up to 10-fold), and the majority of transgenic animal models that have been
developed utilize mice as opposed to rats. We have observed that a-mangostin, when
administered at 100 mg/kg/day for 30 days, is tolerable with no obvious signs of toxicity
(13). In addition, we have previously reported on the pharmacokinetics of a-mangostin in
mice and observed no changes in hematological values at 100 mg/kg (13). We first reported
the pharmacokinetic profile of a-mangostin in mice with an AUC of 5,736 nmol/L/hr, Tax
of 30 minutes, and a Cyax 0f 1,382 nmol/L, and half-life of 5 hours (17). In a juice
containing 94.2 mg of xanthones, including an unknown amount of a-mangostin, that was
administered to healthy human volunteers, a peak plasma concentration of 3.42 ng/mL (18)
was achieved. In our studies, as well as other published studies, a-mangostin is reported to
be well tolerated (13,16,17,19).

Previously, we showed that a.-mangostin administered orally to mice achieves detectable
plasma levels and can decrease 22Rv1 prostate xenograft tumor growth (20). In this study,
our primary objective was to test the hypothesis that mangosteen extract standardized to a-
mangostin will be able to achieve pharmacokinetic profile comparable to what we observed
with a-mangostin administration in mice where a maximum plasma concentration of Cp;x
of 1,382 nmol/L was observed following a 100 mg/kg oral dose. This is especially
significant since the most likely way to consume a-mangostin is in a standardized extract.
For our studies, we have used mangosteen fruit extract standardized to a-mangostin. Using
LC/MS-MS we previously found that mangosteen fruit extract contains >35% of a.-
mangostin (21), and there is evidence of several xanthones present including gartanin, 8-
desoxygartanin, gamma-mangostin, 3-isomangostin, and 9 hydroxycalabaxanthone).
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2 Methods and Materials

2.1 Chemicals and reagents

Mangosteen fruit extract was obtained from Avesthagen, Inc. (Chatsworth, CA, USA).
Bergamottin was used as the internal standard (IS) and was from Chromadex (Irvine, CA,
USA). Liquid chromatography-mass spectrometry (LC-MS) grade acetonitrile (ACN)
containing 0.1% formic acid (HCO,H) was obtained from Fisher scientific (Fair Lawn, NJ,
USA). Blank mice plasma for preparation of the calibration curves and method development
was obtained from Lampire Biological Laboratories (Pipersville, PA, USA).

2.2 Instrumentation and LC/MS/MS conditions

The LC-MS/MS system consisted of an Agilent HPLC auto sampler, Agilent quaternary
pump, and an API1-3200 Qtrap mass spectrometer with a turbo-ion spray source (Applied
Biosystem, Foster City, CA). The Q-trap was equipped with an electrospray ionization (ESI)
source and operated in the positive-ion mode. Total eluent flow from the LC was directed to
the turbo ion spray source without splitting. A valco valve was used to divert the first two
minutes of the eluent to waste. Needle voltage was 4.5 kV, turbo ion spray heater
temperature 500 °C, (GS1) nebulizer gas (nitrogen) 50 psi, and (GS2) turbo heater gas
(nitrogen) 50 psi. Curtain gas (nitrogen) was set at 10, and collision gas (CAD, nitrogen)
pressure in the collision cell was set at medium. The optimum values for collision energy
(CE), declustering potential (DP), and cell entrance potential (CEP) were —50, -50, and -10,
respectively. Tandem mass spectrometry (MS/MS) optimization was established by directly
infusing 10 pg/mL of each analyte in acetonitrile.

The instrument was operated in unit resolution mode with the peak width (full width at half-
maximum, FWHM) set to 0.7 m/z, both at Q1 and Q3. The selected reaction monitoring
scheme followed transitions of the precursor to selected product ions with the following
values: m/z 411-355 for a-mangostin and m/z 339-202 for bergamottin. Chromatography
was performed on a Symmetry C18, 4.6mm x 50mm, 5.0 um analytical column (Waters,
Milford, MA, USA) with a Symmetry C18 Guard Column, 5 um, 3.9 x 20 mm (Waters,
Milford, MA, USA). The column was maintained at a temperature of 37°C. The mobile
phase consisted of 0.4% formic acid in water and ACN (0.1%formic acid) delivered at a
flow rate of 0.6 mL/min (injection volume 20 uL). The gradient program was as follows:
70-95% B at 0—7 min, hold for 1 min; followed by a 95-70% B from 7-8 min; and followed
by re-equilibration at 70% B from 8-15 min.

2.3 Animals and treatments

Thirty-six C57BL/6J mice, approximately 7-8 weeks of age, were purchased from Jackson
Labs (Bar Harbor, ME, USA). Thirty-two mice received mangosteen fruit extract, and four
mice served as controls. The mice were housed in plastic cages and received a standard
chow (Teklad LM-485) and water ad /ibitum, prior to the experiment. All mice were
weighed prior to dosing in order to ensure accurate dosing. The mice were maintained on a
12 h/12 h light/dark cycle. Non-fasting animals were used for the study. Mice were
maintained for a week before the experiments to get them acclimatized to the housing
facility. After one week, mice were administered a freshly prepared suspension of
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mangosteen fruit extract in 100 pL cotton seed oil at a dose of 100 mg/kg by intragastric
gavage. In the experiments evaluating the mRNA of MDR1, cohorts of mice received cotton
seed oil, a-mangostin (36 mg/kg), or MFE (100 mg/kg). All animal experiments were
performed according to the policies and guidelines of the Institutional Animal Care and Use
Committee (IACUC) of the University of Illinois at Chicago.

2.4 Sample preparation

Standards of a-mangostin and bergamottin (4 mg/mL) were weighed accurately and
dissolved in the appropriate volume of acetonitrile. Working standard solutions were diluted
to a series of concentrations with acetonitrile. Standards were spiked in blank mouse plasma
to obtain calibration curves. Plasma samples (50 pL) were mixed with an internal standard
solution (200 L) and centrifuged at 14,000 RPM for 15 min at room temperature. The
supernatant was then transferred to a Spin-X Centrifuge tube filter with 0.45 uM nylon
filters and centrifuged again at 14,000 RPM for 15 minutes. The final supernatant was then
transferred to auto sampler vials, and 20 puL of sample were injected into the LC-MS/MS
system for analysis.

Following the administration of isoflurane as anesthetic, 200-400ul blood was collected
from the mandibular vein. Thereafter, the blood samples were collected at 0.25, 0.5, 1, 2, 4,
6, 12, and 24 hours with four mice bled at each time point for a.-mangostin. Blood samples
were collected in lithium-heparin coated tubes and were immediately spun at 2,000 x rpm at
4° C for 15 minutes (22). Plasma was transferred to a fresh tube and stored at —80° C until
LC/MS/MS analysis. Plasma samples and calibrants (50 uL) were deproteinized by the
addition of acetonitrile (200 uL), followed by a 1 minute vortex, and then incubated on ice
for twenty minutes. Following incubation, the samples were centrifuged at 21,000 x g to
obtain the supernatant. The supernatant was then transferred to a Spin-X Centrifuge tube
filter with 0.45 uM nylon filters and centrifuged again at 14,000 RPM for 15 minutes.
Working standard solutions were diluted to a series of concentrations with acetonitrile.

2.5 LC/MS data analysis

Data were analyzed with the Analyst Software Version 1.4.2 (Framingham, ME, USA).
Limit of quantitation (LOQ) was set at a signal to noise ratio of 10, and the level of detection
was set at a signal to noise ratio of 3. Quadratic modeling of the analyte area under the curve
relative to the internal standard area was used to determine concentrations of a-mangostin.

2.6 Pharmacokinetic parameters

Mean plasma concentrations of orally administered a-mangostin versus time were plotted.
The pharmacokinetic parameters were determined by non-compartmental methods. Area
under the concentration-curve was estimated from the time of dose to the last plasma
concentration by the log-linear rule (AUCy_o4) and extrapolated to infinity (AUCq.inf) by
dividing the last plasma concentration by the terminal elimination rate. Analysis was
performed using WinNonlin Version 5.3 from Pharsight (Mountain View, CA, USA).
Maximal concentrations (Cpay) and time to maximal concentration (Tay) Were estimated
from direct examination of the data. Terminal and effective half-life were estimated using
log-linear regression.
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2.7 Microsomal stability assay

0.5 mg/ml human intestinal microsomes (BD Biosciences) and mouse intestinal microsomes
(Xenotech) were incubated with either a.-mangostin or MFE at a final concentration of 1
UM. To determine Phase | metabolism, the microsomes were incubated with a.-
mangostin/MFE in a solution containing 5mM lIsocitric acid, 5mM MgCI2, 0.2U/ml Isocitric
Acid Dehydrogenase, and 1mM NADP+ in 100mM Tris-HCI buffer at pH 7.4. For the Phase
I1 metabolism study, the microsomes were incubated with a-mangostin/MFE in a solution
containing 5 mM MgCl,, 50ug/ml alamethicin, and 5mM uridine 5”-diphosphoglucuronic
acid (UDGPA) in 100mM Tris-HCI buffer (pH7.4). The compounds were incubated with
microsomes at 37°C for 0, 3, 5, and 10 mins, in duplicate. Control tubes were incubated
without NADP+ or UDGPA for Phase | and Il studies, respectively. After incubation,
samples were vortexed and kept on ice until ready for centrifugation at 17,000g for 15mins
at 4°C. After centrifugation, the supernatants were transferred into vials and analyzed using
the LC-MS method, as described above.

2.8 Real time PCR of drug transporters in the mouse intestines

Mice were administered study agents for fourteen days, as described above. Intestinal
mucosa scraped from different regions of the mouse intestine (jejunum and ileum) was
immediately snap frozen for RNA extraction using Qiagen RNeasy Kits (23). RNA was
reverse transcribed and amplified using Brilliant SYBR Green gRT-PCR Master Mix kit
(Stratagene). Mouse mdrla was amplified with gene-specific primers 5”-
GTGGGGGACAGAAACAGAGA-3" (sense) and 5'-
GAACGGTAGACAAGCGATGAG-3’ (antisense). Mouse GAPDH was amplified as an
internal control. Relative levels of mdrla mRNA were expressed as (% of control)
normalized to GAPDH.

2.9 Hematology values

Fourteen days following administration of cotton seed oil (i.e. control vehicle) or 100 mg/kg
a-mangostin, blood was collected as described above, placed into spray coated Ko,EDTA
tubes, and processed immediately using the Advia® 120 Hematology System (Siemens
Healthcare Diagnostics, Tarrytown, NY, USA) (17). Values are expressed as a mean. Error
values are expressed as standard deviations.

2.10 Statistical Analysis

Statistical analysis was performed using GraphPad QuickCals software. Students #test was
used to compute the significant decrease in alpha-mangostin and mangosteen fruit extract
levels in presence of Phase | and 1l enzymes at 3, 5, and 10 mins compared to the 0 time
point. All statistical tests were two- sided, and P<0.05 was considered statistically
significant. Results are expressed as means + SD.
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3 Results

3.1 Method development and validation

Plasma levels of a-mangostin were analyzed by a LC-MS/MS method. The specificity and
sensitivity of the assay to detect a-mangostin is shown by comparing the chromatograms of
plasma sample spiked with a-mangostin and mangosteen fruit extract (Fig 2A, B) as well as
a standard curves (Fig 3). Previously, we reported the optimized analytical method (17).

3.2 Pharmacokinetics of mangosteen fruit extract standardized to a-mangostin

The mean plasma concentrations of mangostin versus time following oral administration are
shown in Figure 4. Table 1 summarizes the pharmacokinetic parameters of a-mangostin
when administered as mangosteen fruit extract. A method was developed and used
successfully to support the pharmacokinetic study of a-mangostin in mice after a single oral
dose of a-mangostin in cottonseed oil. Mice administered 100 mg/kg of mangosteen fruit
extract (equivalent to 36 mg/kg of a-mangostin) achieved a maximum plasma concentration
of 357 ng/mL (i.e. 871 nM/mL) at 1 hour. The time to maximum concentration (T ax) Was 1
hr. The ty/, for a-mangostin was 8.2 hours. The area under the curve from 0-24 hours
(AUC| 55t and the area under the curve from 0-inf (AUC,f) were estimated using the linear
trapezoidal rule and observed to be 2,807 nmol/hr and 2,980 nmol/hr, respectively.

3.3 Metabolism of mangosteen fruit extract standardized to a-mangostin

After determining the pharmacokinetic parameters of a-mangostin, plasma samples from
four hours post dosing were scanned for evidence of glucuronidation and sulfation of a-
mangostin. This time point was selected as evidence in a decrease of circulating a.-
mangostin and is observed in the 24 hour pharmacokinetic profile. To identify evidence of
glucuronidation, samples were scanned at 587 and 763 for mono-glucuronides and bi-
glucuronides, respectively. Evidence for at least two different glucuronides is presented in
Figure 5A. To identify evidence of a-mangostin sulfation, samples were scanned at 491 and
571 for mono-sulfates and bi-sulfates, respectively. Based on these results, a.-mangostin did
not appear to undergo sulfation; however, further analysis is ongoing. Next, we performed a
precursor ion chromatogram and identified constituents that were 587 and 763 (Fig 5B).
Finally, we performed multiple reaction monitoring (MRM) to scan at masses of 587 and
763. At the 587 mass (monoglucuronide) we observed evidence of at least two metabolites at
10.5 and 14.1 minutes, respectively (Fig 5C). It is possible that there are actually three
metabolites, with two being near 10.5 and one at 14.1 minutes. At the 763 mass (i.e.
diglucuronide), we observed evidence of at least two metabolites with a retention time of
11.5 and 12.2 minutes, respectively (Fig 5D). In total, there is evidence to suggest that there
are 5 different glucuronides.

3.4 Evaluation of mangosteen fruit extract standardized to a-mangostin on hematology
values

Following the administration of oral a.-mangostin, we did not observe any abnormalities in
hematological values compared to mice that received vehicle only (Table 2). All values were
within the normal expected ranges following a single dose of mangosteen fruit extract (100
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mg/Kkg). Previously, we evaluated 100 mg/kg of pure a.-mangostin and did not observe any
abnormalities in hematological values (17).

3.5 Stability of a-mangostin and mangosteen fruit extract in intestinal microsomes

To characterize the extent of Phase | and Phase 1l metabolism, a-mangostin and mangosteen
fruit extract was incubated in the presence of intestinal microsomes from mouse and human
sources. By 10 minutes, the stability of a-mangostin, or as an extract, was observed to be
stable in mouse and human intestinal microsomes, respectively (Fig 6A, B, E & F).
Consistent with our 7 vivo studies, we observed a significant decrease (p<0.0001) of a.-
mangostin in mouse and human microsomes in the presence of Phase Il enzymes (Fig
6C&D). From 0 to 3 minutes, a-mangostin in Phase Il enzymes decreases by 89 and 87%,
respectively.

Next, we evaluated mangosteen extract standardized to a-mangostin to understand if other
xanthones present may modulate the stability of a-mangostin. In the presence of Phase |
enzymes, a-mangostin was stable in both mouse and human microsomes. When mangosteen
fruit extract standardized to a-mangostin was incubated in the presence of Phase Il enzymes,
a significant decrease (p<0.0001) in stability was observed. From 0 to 3 minutes, a-
mangostin in a mangosteen fruit extract in Phase 11 enzymes decreased by 88% and 77%,
respectively. These results suggest that Phase | metabolism has a minimal role in the
metabolism of a-mangostin. This is true whether it is given alone or in the form of a
standardized mangosteen fruit extract. Phase 11 metabolism in microsomes appears to be the
primary route of metabolism.

3.7 a-Mangostin increases the mRNA expression of MDR1

For 14 days, C57BL/6 mice were administered a-mangostin, mangosteen fruit extract, or a
vehicle daily. After 14 days, intestines were collected and mRNA levels of MDR1 were
determined by real-time quantitative PCR. No observable increases in MDR1 jejunum were
observed (Figure 7A). As shown in figure 7B, MDR1 levels were significantly increased in
the ileum following treatment with both a-mangostin and MFE. Treatment with a-
mangostin resulted in a 13.1 fold increase in mMRNA expression of MDR1 in the ileum
compared to the control (P< 0.001). Treatment with MFE resulted in a 6.2 fold increase in
MRNA expression of MDR1 in the ileum compared to the control (P < 0.01). When
comparing a-mangostin to MFE, a 2.1 fold increase in mRNA expression was observed (P <
0.001).

4 Discussion

Mangosteen fruit extract has been used for centuries in Southeast Asia for arthritis,
dysentery, inflammation, skin disorders, and wound infections. It is fast becoming a popular
dietary supplement and juice beverage composed of different xanthones. The most abundant
xanthone present in the extract is a-mangostin and has been associated with a multitude of
health promoting properties. As a strategy to reduce the layers of complexity associated with
multi-ingredient products, we evaluated the pharmacokinetic parameters of a-mangostin (36
mg/kg) in a standardized mangosteen extract. Previously, we reported in mice that individual
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a-mangostin can achieve a Cax 0f 1,382 nmol/L, a Tnax 0f 0.5 hr, and a half-life of 5
hours. We also identified evidence of Phase 1l metabolism using multiple reaction
monitoring (MRM) to identify at least 2 mono-glucuronides and 2 bi-glucuronides. In our
analysis, we did not observe evidence of sulfation. The relatively quick elimination of a.-
mangostin could reasonably be assumed to be attributable to the presence of 3 hydroxyl
groups. These hydroxyl groups can function as handles for the UGT enzyme system, thus
resulting in glucuronidation and quick elimination. In our study described above, we
performed a nearly identical experiment to define the PK parameters of a-mangostin when
in a standardized mangosteen extract. There are a few subtle differences that should be
noted. Our mangosteen extract contained a-mangostin along with additional xanthones.
Using MS/MS we estimate that up to 26 xanthones may be present in this extract (data not
shown), however, further work is required to identify these xanthones. Furthermore, based
on dose translation, which we have described previously, the human dose equivalent of
mangosteen fruit extract would be approximately 500 mg in a 60 kg adult (17).

Another possible consideration is the role of P-gp (MDR1) in preventing the absorption of
a-mangostin (23). P-gp is an important component in the protection of intestinal epithelial
cells which pumps out xenobiotics and bacterial toxins from inside the cells back into the
intestinal lumen. It was interesting to observe that a specific portion of the gastrointestinal
tract, specifically the ileum, resulted in a dramatic change in the mRNA expression of
MDR1. Being that the mice received the same amount of a-mangostin, it is important to
note that a further increase was observed in the intestines of mice treated with a.-mangostin
compared to MFE. One possibility is that when a.-mangostin is administered with additional
xanthones, the overall activity of P-gp is decreased, thereby allowing enhanced absorption of
a-mangostin. Further work will be required to understand the interactions of additional
xanthones against P-gp.

There are several possible explanations for the differences of the pharmacokinetic
parameters of a-mangostin when administered with other xanthones. First, in our previous
study we evaluated a single xanthone (e.g. a-mangostin). Second, the mice in our previous
study were administered 100 mg/kg of a-mangostin while in this study, mice received 100
mg/kg of mangosteen fruit extract (standardized to 36% a-mangostin; equivalent to 36
mg/kg of a-mangostin). Third, phytochemicals have been reported previously to inhibit the
UGT enzyme system (24-26). In most instances, drugs follow linear kinetics which suggests
that if a dose is reduced to 1/3 the PK, parameters should reasonably be reduced in a similar
manner (27). Given this line of logic, a 100 mg/kg of extract containing 36% of a-mangostin
should achieve a Cpax near 497 nmol/L; however, we observed a Cp,ax of 871 nmol/L. This
represents a 75% increase in Cpax When a-mangostin is delivered as a mangosteen extract
when compared to individual a-mangostin. Previously, individual a-mangostin had an AUC
of 5,736 hr*nmol/L when we should have expected an AUC near 2065; however, the
observed AUC was 2,807 hr*nmol/L. This represents a 25% increase in AUC when a.-
mangostin is delivered as a mangosteen extract compared to individual a-mangostin.
Interestingly, we did observe an increase in Ty from 0.5 hr to 1 hr when a-mangostin is
administered as a mangosteen extract compared to individual a.-mangostin representing a
100% increase in Tmax. Finally, we observed an increase in the half-life from 5 hrs to 8.2 hrs
when a-mangostin was administered as a mangosteen extract, representing a 64% increase
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in half life. Based on these observations, it is reasonable to assume the pharmacokinetic
parameters of a-mangostin may be influenced by other polyphenols present in this complex
mixture that may improve the absorption and stability to enhance the pharmacokinetic
parameters in mice. Another observation is the potential that the xanthones, which are
known to be highly lipophilic as estimated by their LogP (17), were administered in an oil
vehicle. A major factor in mangostin solubility, micellarization, and epithelial absorption
could possibly be attributed to the vehicle, similar to what has been observed with
carotenoids (28).

In conclusion, the present study is the first evaluation of oral pharmacokinetics of
mangosteen fruit extract standardized to a-mangostin in mice. There is evidence to support
that our hypothesis of a mangosteen fruit extract displays the same pharmacokinetic profile
and evidence to reject the null hypothesis which was that a.-mangostin absorption will be
different when administered as an extract. a-Mangostin, when administered as an extract,
undergoes extensive first pass metabolism with rapid conjugation following oral
administration. This data suggests that the pharmacokinetic parameters of a-mangostin can
be enhanced when administered as a standardized extract as opposed to an individual
phytochemical; however, additional work will be required to characterize these potential
interactions. Furthermore, evaluation of individual xanthones for potential drug interactions
should be investigated further.
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Figure 1.
Chemical structures of a-mangostin and bergamottin
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Representative chromatograms of [A] a-mangostin extracted from mouse plasma and [B]

the limit of quantitation of a-mangostin in mouse plasma.
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Figure 3.
Standard curve of a-mangostin.
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Figure 4.
24 hour mean concentration-time pharmacokinetic profile of a-mangostin in mice following

100 mg/kg oral dose of mangosteen fruit extract (a-mangostin dose = 36 mg/kg). Values are
shown as standard error of the mean.
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Figure 5.
Mouse plasma was evaluated 4 hours following a single dose of oral mangosteen fruit

extract (100 mg/kg) standardized to a-mangostin for [A] Neutral loss scan of 176 and 352 of
a-mangostin and [B] Precursor ion chromatogram of a-mangostin [C] Multiple Reaction
Monitoring (MRM) of a-mangostin (587/411) and [D] Multiple Reaction Monitoring
(MRM) of a-mangostin (763/411).
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Figure 6.
a-Mangostin and mangosteen fruit extract, was incubated with gastrointestinal microsomes

to mimic Phase | and Il metabolism in the mouse or human GI tract. Human and mouse
gastrointestinal microsomes were prepared as described in the materials and methods. Black
bars represent the respective control for that individual time point. Gray bars represent the
microsomal stability of a-Mangostin/MFE in the indicated enzyme system in both mouse
and human gastrointestinal microsomes. A ‘no preincubation’ was performed (data not
shown) and did not have any impact on the interpretation of this data. [A] a-Mangostin was
incubated with mouse gastrointestinal microsomes (Phase 1); [B] a-Mangostin was
incubated with human gastrointestinal microsomes (Phase 1); [C] a-Mangostin was
incubated with mouse gastrointestinal microsomes (Phase 2); [D] a-Mangostin was
incubated with human gastrointestinal microsomes (Phase 2); [E] Mangosteen Fruit Extract
standardized to a-Mangostin was incubated with mouse gastrointestinal microsomes (Phase
1); [F] Mangosteen Fruit Extract standardized to a.-Mangostin was incubated with human
gastrointestinal microsomes (Phase 1); [G] Mangosteen Fruit Extract standardized to a-
Mangostin was incubated with mouse gastrointestinal microsomes (Phase 2); [H]
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Mangosteen Fruit Extract standardized to a-Mangostin was incubated with human
gastrointestinal microsomes (Phase 2);
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Figure 7. P-gp and DRA expression in C57/BL6 mice small intestine in response to treatment
with a-mangostin and MFE

[A] Relative abundance of mdrla mRNA from the ileum of control and treated mice
normalized to GAPDH mRNA. [B] Relative abundance of mdrla mRNA from the jejunum
of control and treated mice normalized to GAPDH mRNA. Values are the means + standard
error of the mean. **£ < 0.001 vs. untreated control. *£< 0.01 vs. untreated control. ‘a’ =
versus control, ‘b” = versus MFE.
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Table 1

Single dose pharmacokinetic properties of mangosteen fruit extract (100 mg/kg) standardized to a.-mangostin
administered orally in mice.

Cinax 871 nmol/L
Tmax 1lhr

T 8.2hr

AUC¢ 2,807 hr*nmol/L
AUC;¢ 2,980 hr*nmol/L

Cmax = Maximum plasma concentration;
Tmax = Time to maximum concentration;
AUC|ast = Area Under the Curve from time 0 to 24 hrs

AUCijnf = Area Under the Curve from time 0 to infinity
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