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Abstract
The present study explored the bioavailability and brain deposition of a Grape Seed Polyphenolic
Extract (GSPE) previously found to attenuate cognitive deterioration in a mouse model of
Alzheimer’s disease (AD). Plasma pharmacokinetic response of major GSPE phenolic components
was measured following intragastric gavage of 50, 100 and 150 mg GSPE per kg BW. LC-MS
analysis identified gallic acid (GA), catechin (C), epicatechin (EC) in plasma of rats gavaged acutely
with GSPE. Additionally, 4-methylgallic acid (4-OMeGA), 3′-methytlcatechin (3′-OMeC) and 3′-
methylepicatechin (3′-OMeEC) were identified as circulating metabolites of GSPE phenolic
constituents. Cmax for individual GSPE constituents and their metabolites increased in a dose-
dependent fashion (with increasing GSPE oral dose). Repeated daily exposure to GSPE was found
to significantly increase bioavailability (defined as plasma AUC0-8h) of GA, C and EC by 198, 253
and 282% relative to animals receiving only a single acute GSPE dose. EC and C were not detectable
in brain tissues of rats receiving a single GSPE dose but reached levels of 290.7±45.9 and 576.7
±227.7 pg/g in brain tissues from rats administered GSPE for 10 days. This study suggests that brain
deposition of GA, C and EC is affected by repeated dosing of GSPE.
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INTRODUCTION
Alzheimer Disease (AD) is a progressive brain disease affecting greater than 5.0 million
Americans with approximately 11 to 16 million people projected to be afflicted with AD by
the year 2050 [1,2]. A hallmark of AD pathology is deposition of amyloid neuritic plaques
comprised primarily of β-amyloid (Aβ) peptides in the brain. Accumulation of high molecular
weight (HMW) soluble oligomeric Aβ species is hypothesized to initiate a cascade of cellular
events resulting in synaptic failure, neuronal injury, apoptotic neuronal death, and ultimately,
cognitive and functional decline including deficits in spatial memory [3–9]. Accumulation of
soluble HMW oligomeric Aβ peptides in brain may accelerate early-onset behavioral
impairment and synaptic deficits [9,10]. Strategies to reduce accumulation of soluble
oligomeric Aβ peptides species in the brain may provide productive approaches for preventing
and/or treating AD.

Of the many potential dietary and supplemental approaches, grape and grape derived
supplements have demonstrated biological activities consistent with prevention and/or
amelioration of AD [11–13]. Long-term administration of a polyphenol rich grape seed extract
(GSPE), namely Meganatural-AZ® GSPE in particular has demonstrated the ability to exert
potent anti-Aβ-oligomerization activity [14] and to attenuate the oligomerization of Aβ
peptides into HMW soluble species in the brain of a mouse model of AD [15]. This bioactive
GSPE preparation is comprised of proanthocyanidins (PAC), which is the most abundant and
complex class of polyphenol found in grapes. PAC’s are composed of flavan-3-ols units known
as catechins (Figure 1). The most abundant in grape include catechin (C), epicatechin (EC),
catechin gallate (CG) and epicatechin gallate (ECG). Along with this complex monomer
fraction over 25 PAC dimers, trimers and oligomers have been identified in grape seed extracts
such as Meganatural-AZ®.

With evidence from animal models suggesting a potential role for orally supplemented GSPE
in prevention and/or amelioration of AD-type amyloid neuropathology and cognitive
dysfunction [15], defining the specific biologically active and bioavailable component(s)
present in this crude bioactive preparation has become central to understanding the role GSPE
and other dietary polyphenol preparations may play in modifying specific disease endpoints.
Acute and single dose studies have demonstrated that bioavailability of GSPE phenolics
including gallic acid and PAC’s monomers such as C and EC is poor (<2% of oral dose) with
intestinal absorption of PAC dimers, timers and complex oligomers observed to be extremely
limited [16–18]. Several factors are believed to impact PAC intestinal absorption including the
extent of oligmerization, trans-epithelial transport efficiency, rapid metabolism and clearance
from the body [19–22]. While providing important insight, many of these acute studies do not
resemble the longer-term treatments utilized in biological assessments with GSPE in animal
models of AD [15]. Understanding how bioavailability and metabolism of GSPE components
may be altered during repeated exposure is critical to defining active principles and determining
the extent to which animals and eventually humans may adapt to chronic treatments. The
overall objective of this study was to characterize plasma pharmacokinetics and brain
deposition of phenolics from increasing doses of Meganatural-AZ® GSPE and to determine if
repeated exposure to GSPE impacts subsequent absorption and deposition of phenolic
constituents in Sprague Dawley rats.

MATERIALS AND METHODS
Chemicals and materials

Gallic acid (GA), (+)-catechin (C) and (−)-epicatechin (EC) and β-glucuronidase (with
sulfatase contamination) were purchased from Sigma Chemical Co. (St. Louis, MO). All
extraction and LC solvents were of certified HPLC and ACS and were obtained from J.T. Baker
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(Phillipsburn, NJ). Isoflurane was obtained from Baxter Healthcare Center (Deerfield, IL).
GSPE (Meganatural-AZ®) powder was obtained from Polyphenolics (Madera, CA) and was
specially processed to contain minimal amounts of gallated PAC’s (<12% by wt). Consistent
with our previous studies establishing the efficacy of a specific GSPE preparation
(Meganatural-AZ® GSPE) in modulating the development of Aβ neuropathology and cognitive
impairment in an AD mouse model [15], the same bioactive GSPE preparation was used in the
present study.

Meganatural-AZ® GSPE Pharmacokinetics
Bioavailability of Meganatural-AZ® GSPE phenolic constituents was assessed using male
Sprague Dawley rats. All animal studies were conducted under guidance and with protocols
reviewed and approved by the Purdue University Animal Care and Use Committee. Thirty two
Sprague Dawley rats weighing between 275 and 300g were obtained from Harlan Sprague
Dawley, Inc. (Indianapolis, IN). Upon arrival Rats (~295 g) and were placed on a polyphenol
free AIN-93M diet (Dyets, Bethleham, PA) and given deionized water ad lib and allowed to
acclimate for three days. Following acclimation, anesthesia was induced with isoflurane (3–
5%) in an anesthesia chamber and maintained with a mask (1.5–3% isoflurane). A polyethylene
catheter was implanted into the jugular vein. Burenorphine (0.01–0.5mg/kg) was administered
prior to animals regaining consciousness to alleviate pain. Catheters were kept patent by
flushing with heparinized saline containing 100 units of heparin per mL every 12 h. Animals
were allowed 24 h of recovery time post surgery.

Prior to initiation of pharmacokinetic studies food was removed for 7 h prior to experiments
and was offered 2 h after administration of GSPE. For single-dose acute pharmacokinetic
studies GSPE was solubilized in 1.0 mL distilled water to deliver 50, 100 or 150 mg GSPE per
kg BW and administered by intragastric gavage. These levels of GSPE represent human
equivalent doses of 483, 967 and 1451 mg in a 60 kg human as described by the FDA Guidance
for Industry and Reviewers on conversion to Human Equivalent Doses [23]. For the repeated
exposure study a dose-escalation design was implemented with daily gavage treatments of
GSPE administered to rats as follows: Day 1–2 (50 mg/kg BW); Day 3–4 (100 mg/kg BW);
Day 5–10 (150 mg/kg BW). On day 10, pharmacokinetics were assessed following
administration of the last GSPE dose (150 mg per kg BW) by collecting approximately 400
μL of blood at 0, 0.5, 1, 2, 4, 6 and 8 h post-gavage from the jugular catheter into heprinized
tubes and centrifuged at 4,000 rpm for 10 minutes. Two hundred μL of resulting plasma was
collected and combined with 50 μL acidified saline (1% ascorbic acid wt/wt), purged with
N2 and stored at −80° C until analysis. Brains were harvested and placed in 0.2% ascorbic acid
in saline, and stored at −80 °C until analysis.

Phenolic Extraction
GA and PAC’s were extracted from homogenized plasma and brain tissue by incubating
samples with 1 mL of enzyme solution (250 U β-glucuronidase with sulfatase activity in 0.4
M NaH2PO4 pH 4.5) for 45 minutes at 37°C. Following incubation, samples were extracted
three times with ethyl acetate/0.01% BHT. Combined ethyl acetate fractions were vacuum
dried, sonicated and resolublized in 200 μL mobile phase prior to analysis.

LC-UV-MS Analysis
Analysis of GSPE was accomplished by LC-UV-MS as described by Wu et al. [24]. This
method was modified slightly for analysis of plasma and tissue extracts. Briefly, separations
were performed on an Agilent 1100 system (Palo Alto, CA) using a Varian C18 Amide column
(3 μm, 150 × 2.1 mm i.d). A binary mobile phase consisting of solvent systems A and B were
used in gradient elution where A was 0.1% formic acid (v/v) in ddH2O and B was 0.1% formic
acid (v/v) in acetonitrile. Mobile phase flow rate was 0.3 mL/min. Initial conditions were set
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at 90:10 A:B with a linear gradient to 80:20 from 0 to 12 min, conditions were held at 80:20
from 12 to 18 min, followed by a linear gradient to 50:50 from 18 to 24 min and held at 50:50
until 30 min. Gradient conditions were reset to 90:10 A:B from 30 to 32 min, and the column
equilibrated for 10 minutes at initial conditions prior to the next run. Following separation the
column effluent was introduced by negative mode electrospray ionization (ESI) into an Agilent
MSD-TOF spectrometer. ESI capillary voltage was −3.5 kV, nebulizer gas pressure was set at
35 psig, gas temperature was 350 °C, drying gas flow rate was 9.0 L/min, fragmentor voltage
was set to 165 V, skimmer 60 V and OCT RF V 250 V. Spectroscopic (UV at 280 nm) and
mass data (from m/z 60–1000) were collected and analyzed using Analyst QS1.1 software
(Applied Biosystems/MSD Sciex). GA, C and EC quantification was accomplished using a
multi-level calibration curve constructed with authentic standards. Quantities of methylated
derivatives, 4-OMeGA, 3′-OMeC and 3′-OMeEC, were estimated by using calibration curves
from parent compounds GA, C and EC respectively.

Data Analysis
All data are presented as mean ± standard error of the mean (SEM). Plasma area under the
curve values from 0 to 8h (AUC0-8h) were calculated using the trapezoidal rule. The maximum
plasma concentration (Cmax) and time of maximum plasma concentration (Tmax) were obtained
directly from the pharmacokinetic plot of plasma concentration versus time. Group differences
were determined by analysis of variance using Tukey’s post-hoc test (α< 0.05, SAS, Cary,
NC).

RESULTS & DISCUSSION
Phenolic composition of Meganatural-AZ® GSPE

The 12 major PAC’s identified by LC-UV-MS analysis are illustrated in Figure 2. Resolution
of GA, monomeric PAC’s (C and EC) as well as several PAC dimers (P2) and trimers (P3) was
achieved in 40 min. Additionally, a broad peak containing poorly resolved PAC oligomers was
observed between 35 and 40 minutes. Quantities of GA, C and EC in GSPE were found to be
91, 147 and 164 mg/g dry weight.

Characterization of GSPE phenolic components in rat plasma
In vivo bioavailability of GSPE polyphenol components were investigated using a Sprague
Dawley rat model. Studies were conducted measuring plasma pharmacokinetic response (0-8h)
of GSPE polyphenols from a single oral gavage. Collected blood was processed to plasma and
treated with β-glucouronidase and sulfatase enzymes prior to extraction with ethyl acetate
allowing for assessment of free and methylated GSPE phenolic constituents. PAC monomers,
C and EC, as well as GA were detected in rat plasma following acute oral administration of
GSPE (Figure 3). These compounds were confirmed based on co-chromatography with
authentic standards and from collected in line MS spectra for C and EC (Table 1; Figure 4).
Dimer, trimer and larger oligomeric PAC’s present in GSPE (Figure 2) were not detected in
plasma following acute administration, suggesting a reduced relative bioavailability of these
more complex PAC’s compared to monomeric C and EC. The higher response of monomers
catechins relative to more complex proanthocyanidins in an acute dosage study is consistent
with previous observations in vivo [18,20].

In addition to free GA and catechins, methylated metabolites were observed in rat plasma
following acute oral GSPE administration (Figures 3 and 4) indicating a significant degree of
metabolism for these phenolic compounds common to GSPE preparations. Based on previous
reports [25–27] and in-line MS spectra these compounds were tentatively identified 4-O-
methylgallic acid (4-OMeGA), 3′-O-methylcatechin (3′-OMeC) and 3′-O-methylepicatechin
(3′-OMeEC). The percentage C and EC in methylated form was dependent on dose level. At
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the lowest acute dose (50 mg/kg BW) methylated derivatives represented approximately 8 and
10% of total C and EC in plasma of acutely treated rats (Table 2). The relative amount 3′-
OMeC and 3′-OMeEC increased to 23 and 28% of the total C and EC respectively in rats
receiving a single dose of 150 mg/kg BW. In rats receiving 10 days of repeated GSPE dosing
prior to pharmacokinetic studies, 3′-OMeC and 3′-OMeEC content similar to high single dose
(150 mg/kg BW) at 18 and 21% of the total C and EC present in rat plasma. Amount of 4-
OMeGA was similar for all single acute GSPE treatments with methylated GA representing
between 15 and 18% of the total GA. However, following repeated treatments, 4-OMeGA was
found to increase to ~28% of the total plasma GA originating from GSPE.

Detection of methylated GA, C, and EC metabolites confirms the metabolism of GSPE
phenolic constituents following acute dosage. Previous reports demonstrated that catechin
metabolites can represent as much as 50% of the total circulating catechin pool [28] and
methylated C and EC have been identified in plasma and urine of rats treated with GSPE
[18]. 4-O-methygallic acid has previously been identified as a primary metabolite of GA in
human plasma and urine [25,26]. Glucoronide and sulfate conjugates of C and EC were not
assayed in these studies as samples were deconjugated with β-glucouronidase prior to LC-MS
analysis. However, presence of these conjugated metabolites of C, EC and GA would be
expected in plasma based on previously published reports [18,25–28].

Plasma pharmacokinetic profiling of GSPE in Sprague Dawley rats
Eight hour plasma pharmacokinetic profile of GA, C, EC and corresponding methylated
metabolites in rat plasma is presented in Figure 5. Following a single oral dose of 50 mg/kg
BW of GSPE plasma levels of GA and monomeric C and EC peaked between 1 and 2h, reaching
a Cmax of 309.8, 207.5 and 318.8 ng/mL plasma for GA, C and EC respectively (Table 2). This
peak was followed by a significant drop between 2 and 4 h and returning to baseline levels by
8h post gavage for all GSPE phenolic constituents. With the exception of GA, increased acute
dosage from 50 up to 150 mg/kg BW resulted in a corresponding increase in Cmax for individual
phenolic species and their methylated derivatives reaching a high of 323.4, 442.2 and 783.4
ng/mL for GA, C and EC respectively (Figure 5; Table 2). 4-OMeGA, 3′-OMeC and 3′-OMe
EC had similar plasma pharmacokinetic profiles to their free forms with peak plasma levels
observed between 1 and 2 h with a Cmax of 73.7, 129.3 and 167.7 ng/ml plasma for 4-OMeGA
and 3′-OMeC and 3′OMeEC respectively (Figure 5; Table 2).

Bioavailability, assessed as area under the plasma pharmacokinetic curve (AUC0-8h), of
catechins increased in dose-dependent fashion between 50 and 150 mg/kg BW (Table 2). In
general plasma AUC0-8h for EC was higher than C pointing to the enhanced bioavailability of
EC relative to C. This observation is consistent with previous reports of cocoa catechin
bioavailability [28]. Total (free plus methylated) C AUC0-8h increased by 78% and 106% in
50 to 100 mg/kg BW and 100 to 150 mg/kg BW dose treatments respectively. Relative increase
in 3′-OMeC AUC0-8h was more pronounced than for C. 3′-OMeC AUC0-8h increased from
44.1 to 184.8 and 465.1 ng/mL plasma*h when dose was increased from 50 to 150 mg/kg BW
suggesting that as oral dose increased, metabolism of absorbed C was enhanced. Similarly, 3′-
OMeEC AUC0-8h increased at a faster rate than free EC, but this increase was more modest in
relative terms than for C. AUC0-8h for GA (512.7 to 673 ng/mL*h) and 4-OMeGA (92.3 to
1418.0 ng/mL*h) increased significantly (p<0.05) with GSPE dose up to 100mg/kg BW dose
but did not increase further at 150mg//kg BW dose. These data suggest that while absorptions
of catechins were not saturated under acute dosing conditions, GA absorption was saturable
under these experimental conditions. Furthermore, intestinal uptake of GA from GSPE appears
to be less efficient than catechins. Previous reports have indicated that GA absorption is lower
than other phenolic acids and catechins [16,29]. This is believed to be due, in part, to the reduce
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transport of GA by the monocarboxylic acid transporter relative to other phenolic compounds
and may explain the observed absorption profile for GA following acute exposure.

Following a ten day exposure to GSPE in dose escalation from 50 to 150 mg/kg BW, plasma
pharmacokinetic response was assessed from a single 150 mg/kg dose of GSPE. Plasma
pharmacokinetic response of GSPE phenolic constituents was significantly impacted by the
repeated daily GSPE treatment (Figure 5, Table 2). In rats pretreated with repeated daily doses
of GSPE, absorption of GA, C and EC was observed to be significantly higher from a
subsequent acute oral dose of 150 mg/kg BW GSPE. AUC and Cmax were significantly
(P<0.01) higher for each phenolic constituent in these animals compared to single acute
treatments with identical GSPE dose (Table 2). GA, C and EC AUC were found to increase
by 198, 253, 282% respectively in animals given the GSPE exposure by dose escalation. The
observed increase in plasma content for these phenolic constituents was not related to
accumulation over the dose escalation as baseline levels were observed to be below the limit
of quantification and in most cases below the limit of detection (data not shown). Trace but
not quantifiable levels of dimer, trimer and oligomers were observed in plasma of rats receiving
repeated doses of GSPE. This would suggest that enhancement of bioavailability was primarily
limited to monomeric catechins and gallic acid components of GSPE. The bioavailability of
epigallocatechin-gallate (EGCG), the primary flavan-3-ol in green tea, was observed to be
improved by >60% following a four week multiple dose administration in humans [30]. The
more modest improvement in EGCG bioavailability observed by Chow et al. [30] may be due,
in part, to differences in catechin species and absorption between humans and rodents. With
these differences in perspective, enhancement of bioavailability by repeated exposure to similar
catechins provides evidence for potential adaptation to intestinal absorption of polyphenols.

Plasma AUC0-8h for catechin metabolites 3′-OMeC and 3′-OMe EC increased to a lesser extent
(143 and 209% for 3′-OMeC and 3′-OMe EC respectively) than free catechins. On the other
hand, 4-OMeGA AUC0-8h increased by 395% in animals receiving repeated dose treatments
before assessing plasma pharmacokinetics. These data support the notion that repeated
exposure to GSPE may not only enhance the bioavailability of specific GSPE phenolics but
also alter proportion of methylated versus non methylated metabolites. High doses of EC have
been shown to increase circulating levels of methylated EC [25,31]. The full metabolite profile
of C, EC and GA was not assayed in these experiments and therefore insight into how
glucoronide and sulfate conjugation processes occur were not examined. The extent to which
repeated GSPE exposure may alter circulating levels of these metabolites merits further
investigation.

While the mechanisms responsible for these enhancements in bioavailability are not known,
intestinal absorption of GA and monomer PAC’s such as C and EC are known to be dependent
on active intestinal transporters including the monocarboxylic acid transporter [32,33]. These
transporters are primarily responsible for transferring polyphenols from the intestinal lumen
into the enterocyte. Following intestinal uptake, phenolic constituents may be partially
metabolized, secreted into circulation or effluxed back to the intestinal lumen by inducible
ABC multidrug resistance transport proteins including P-glycoprotein and/or the Multi Drug
Resistance Protein-2 (reviewed by [34]). It is therefore plausible that expression and/or activity
of specific transport proteins may be modulated by repeated and even chronic exposure to high
levels of phenolic constituents. Modulation of expression and/or activity would likely impact
absorptive efficiency or bioavailability. Additionally, many phenolic constituents including
PAC’s are metabolized by intestinal microflora resulting in degradation of the native structure
and formation of additional metabolites of colonic origin [35,36]. High concentrations of PAC
polyphenols have also previously demonstrated the ability to alter the microbial ecology in the
lower intestine through both prebiotic and antibiotic like activities [37–39]. Repeated dosing
with high levels of GSPE may have altered the microbial ecology of the rat lower intestine and
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modified the capacity for colonic fermentation of dietary GSPE phenolics, thereby increasing
the amount of native PAC’s available for absorption from subsequent doses.

Characterization of GSPE phenolic components in brain tissue
To gain preliminary insight on the deposition of specific GSPE polyphenols in brain, tissues
from rats in the absence or in the presence of repeated pretreatment for 10 day with GSPE were
perfused with cold saline, collected, extracted and analyzed for GA and PAC components by
LC-MS. No detectable amounts of free GA, PAC’s or their methylated metabolites were found
in brain extracts of rats acutely treated with 50, 100 or 150 mg GSPE/kg BW. Interestingly,
detectable levels of GA and free C and EC were observed in brain tissues of animals subjected
to pretreatment prior to pharmacokinetic dose. An extracted ion chromatogram (EIC) at 289
m/z of brain extract is illustrated in Figure 6. Detection of C and EC was achieved and
tentatively identified based on in-line MS spectra and co-elution with authentic standards.
Trace but not quantifiable levels of 3′-OMeC and 3′-OMeEC were observed but not confirmed
due to limited concentrations (data not shown) making collection of confirmatory MS spectra
difficult.

Abd El Mohsen et al. [25] have previously identified epicatechin glucuronide and glucuronide-
methyl metabolites in perfused brain tissue of rats following oral ingestion of pure epicatechin
(100 mg/kg BW) for 10 days with accumulation of approximately 0.4nmol/g or 116 ng/g in
brain tissues. These levels were estimated as the concentration was determined by the
investigators to be below the limit of accurate quantification. In the present study brain
concentrations for EC and C were observed to be 290.7±45.9 and 576.7±227.7 pg/g
respectively (Figure 7). Only trace levels of GA and methylated metabolites were observed to
be present in brain tissue. The observed catechin concentration in brain tissues is lower than
those reported previously from dosage of 100mg per kg BW of purified EC versus [25]. In
both studies brain tissues were perfused with saline prior to dissection and extraction
minimizing the potential for contaminating traces of blood known to contain these metabolites.
Therefore, while accumulation appears to be lower in the present study, these data confirm that
monomer catechins are available and deposited in brain tissues following oral consumption of
crude GSPE at lower oral dosages (~46 mg C+EC in the 150 mg per kg BW dose) than those
previously reported by Abd El Mohsen [25].

Oral administration of GSPE has demonstrated the ability to alter endogenous antioxidant
systems in brain tissues of Wistar rats [12], alter brain proteins associated with
neurodegenerative diseases in amount and/or charge [11]. The Meganatural-AZ® GSPE
analyzed in this study has demonstrated the ability to significantly attenuate cognitive
deterioration and Aβ aggregation in the brain of Tg2576 mice, a model for AD [16]. However,
the ability of specific GSPE components to be effectively absorbed and transported to the brain
following oral administration has received little attention. The results of the present study
indicate that GA, C and EC components in GSPE preparations are readily absorbed from acute
doses and that plasma response of these constituents may be enhanced by repeated dosing.
Furthermore, C and EC constituents were found to be present in brain tissues of animals
receiving repeated dosing of GSPE for 10 days in agreement with previous experiments using
purified EC [25]. While these data are promising, further experiments examining the
differences in absorption, distribution and metabolism of GSPE polyphenols in AD relevant
animal models are required to determine the extent to which these polyphenols may specifically
attenuate cognitive deterioration and Aβ aggregation.

Concluding Remarks
The present study found that absorption and brain accumulation of small molecular weight
GSPE constituents, namely GA and catechins is enhanced by repeated dosing. While this effect
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was observed following administration by oral gavage, the extent to which systemic
bioavailability may be modulated from more complex food matrices merits further
investigation. Also, the fate of more complex PAC dimers, trimers and oligomers merits further
investigation. While not efficiently absorbed intact, these more complex polyphenolic
compounds are believed to be fermented by intestinal microflora leading to the production of
smaller molecular weight phenolic acids [34] and potentially other unknown metabolites of
colonic origin. The extents to which these compounds are absorbed, distributed to brain tissue,
are bioactive and may contribute to observed AD preventative or ameliorative activities is
unknown and are currently being investigated in our laboratory.
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ABBREVIATIONS

Aβ β-amyloid

AD Alzheimer’s disease

AUC0-8h area under the curve from 0 to 8h

BW body weight

C catechin

Cmax maximum plasma concentration

CG catechin gallate

EC epicatechin

ECG epicatechin gallate

EGCG epigallocatechin gallate

GA gallic acid

GSPE grape seed polyphenolic extract

LC liquid chromatography

MS mass spectrometry

3′-OMeC 3′-O-methylcatechin

3′-OMeEC 3′-O-methylepicatechin

4-OMeGA 4-O-methylgallic acid

PAC proanthocyanidin

P2 proanthocyanidin dimer

P3 proanthocyanidin trimer

SEM standard error of the mean

Tmax time of maximum plasma concentration

UV ultraviolet
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Figure 1.
Chemical structure of gallic acid (GA), catechin (C), epicatechin (EC) and a basic
proanthocyanidin (PAC) dimer (P2) and PAC trimer (P3). GSPE PAC’s are composed of
individual units including C and EC linked to each other by either C4–C8 or C4–C6 linkages.
Gallate is generally substituted to position 3 in the monmeric units but most have been
hydrolyzed in the GSPE extract (MegaNatural-AZ) used in this study.
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Figure 2.
LC-UV separation of major GSPE PAC’s demonstrates the presence of gallic acid (GA),
monomeric PAC’s (C and EC) along with dimer (P2), trimer (P3) and oligomeric PAC’s.
Compounds were identified based on in line MS spectra as described by Wu et al. [24]. UV
signal at 280nm is shown.
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Figure 3.
LC-MS separation of major GSPE phenolic constituents from an extract of rat plasma. LC-MS
conditions can be seen in Material and Methods. Extracted ion chromatograms at169, 183,
289, and 303 m/z are shown. Peak identifications can be seen in Table 1.
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Figure 4.
Collected in-line MS spectrum of (A) peak 3 identified as EC and (B) peak 5 tentatively
identified as 3′-OMeEC.
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Figure 5.
Plasma pharmacokinetic response of GA, C, EC and their corresponding methylated
metabolites following intragastric gavage of ( ) 50, ( ) 100 and 150 mg GSPE per kg BW (●)
before and (○) after pre-treatment with dose-escalation of GSPE. Data represents mean ± SEM
n=8 rats per group.
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Figure 6.
LC-MS separation of major C and EC from extracts rat brain tissue collected after 10 day GSPE
treatment in dose-escalation. LC-MS conditions can be seen in Material and Methods.
Extracted ion chromatograms at 289 m/z is shown. Peak identifications can be seen in Table
1. Collected in-line MS spectrum of (A) peak 2 identified as C and (B) peak 3 identified EC
is shown.
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Figure 7.
Concentration (pg/g) of C and EC in brain tissue of following intragastric gavage of 150 mg
GSPE per kg BW before and after pre-treatment with dose-escalation of GSPE. No detectable
(ND) catechins or metabolites were found in brain tissues of rats receiving a single acute dose
of GSPE. Data represents mean ± SEM n=8 rats per group.
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