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Abstract

Purpose Resveratrol (3,5,40-trihydroxy-trans-stilbene) is

a naturally occurring polyphenol with a broad range of

possible health benefits, including anti-cancer activity.

However, the biological activity of resveratrol may be

limited by poor absorption and first-pass metabolism: only

low plasma concentrations of resveratrol are seen fol-

lowing oral administration, and metabolism to glucuronide

and sulfate conjugates is rapid. Methylated polyphenol

analogs (such as pterostilbene [3,5-dimethoxy-40-hydroxy-

trans-stilbene], the dimethylether analog of resveratrol)

may overcome these limitations to pharmacologic effi-

cacy. The present study was designed to compare the

bioavailability, pharmacokinetics, and metabolism of res-

veratrol and pterostilbene following equimolar oral dosing

in rats.

Methods The agents were administered orally via gavage

for 14 consecutive days at 50 or 150 mg/kg/day for resve-

ratrol and 56 or 168 mg/kg/day for pterostilbene. Two

additional groups were dosed once intravenously with 10

and 11.2 mg/kg for resveratrol and pterostilbene, respec-

tively. Plasma concentrations of agents and metabolites

were measured using a high-pressure liquid chromatograph-

tandem mass spectrometer system. Noncompartmental

analysis was used to derive pharmacokinetic parameters.

Results Resveratrol and pterostilbene were approxi-

mately 20 and 80% bioavailable, respectively. Following

oral dosing, plasma levels of pterostilbene and pterostil-

bene sulfate were markedly greater than were plasma

levels of resveratrol and resveratrol sulfate. Although

plasma levels of resveratrol glucuronide exceeded those

of pterostilbene glucuronide, those differences were

smaller than those of the parent drugs and sulfate

metabolites.

Conclusions When administered orally, pterostilbene

demonstrates greater bioavailability and total plasma levels

of both the parent compound and metabolites than does

resveratrol. These differences in agent pharmacokinetics

suggest that the in vivo biological activity of equimolar

doses of pterostilbene may be greater than that of

resveratrol.
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Abbreviations

EDTA Ethylenediaminetetraacetic acid

QC Quality control

MP Mobile phase

LLOQ Lowest limit of quantitation

Tmax Time to maximum plasma concentration

Cmax Peak plasma concentration

AUC Area under the curve

t� Elimination half-life

CL Clearance

Vss Apparent volume of distribution

F% Percent bioavailability
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Introduction

Resveratrol (5-[(E)-2-(4-hydroxyphenyl)ethenyl]benzene-

1,3-diol; Fig. 1) is a naturally occurring plant polyphenol

that is present in grapes, berries, peanuts, and other food-

stuffs. Resveratrol is thought to act as a phytoalexin, pro-

tecting plants against pathogens. Since the suggestion in

the early 1990s that the apparent cardioprotective effects of

red wine (‘‘the French Paradox’’) may be mediated by

resveratrol, the compound has been studied for a variety of

beneficial health effects [4]. In 1997, Jang et al. [17]

reported that resveratrol has a number of biological activ-

ities that are consistent with cancer chemoprevention and

that the agent can inhibit carcinogenesis in experimental

animals. Since then, a broad range of desirable health

effects have been ascribed to resveratrol; these include

anti-cancer, anti-aging, anti-Alzheimer’s, anti-diabetic,

anti-viral, neuroprotective, and cardioprotective activities

[2–5, 7, 11, 15, 20, 26, 30–35, 37].

A large number of mechanisms have been identified

through which resveratrol may exert cancer chemopre-

ventive and cancer chemotherapeutic effects. Mechanisms

of resveratrol anti-cancer activity may include antioxidant

activity and radical scavenging; anti-inflammatory effects;

modulation of the activity of carcinogen-metabolizing

enzymes; inhibition of cell proliferation; induction of

apoptosis; inhibition of angiogenesis; chemosensitization;

and inhibition of tumor metastasis [7, 18]. However, res-

veratrol exhibits low oral bioavailability and undergoes

rapid first-pass metabolism; glucuronide and sulfate con-

jugates are the major resveratrol species found in plasma

[41, 44]. Pharmacokinetic studies in human volunteers

have led to questions concerning whether high oral doses

of resveratrol can generate plasma levels of parent drug

that are necessary to achieve the chemopreventive and

other desirable activities that have been reported in

experimental model systems [6]. However, two very recent

references reported data suggesting that biologically active

concentrations of resveratrol and/or metabolites may be

achievable in human subjects on chronic dosing [8, 22].

The relatively poor bioavailability and rapid metabolism

of resveratrol are not uncommon among polyphenols. By

contrast, methylated polyphenols appear to demonstrate

substantially greater intestinal absorption and enhanced

hepatic stability [42]. Pterostilbene (4-[(E)-2-(3,5-dime-

thoxyphenyl)ethenyl]phenol; Fig. 1), a naturally occurring

dimethylether analog of resveratrol, is a phytoalexin that,

like resveratrol, is generated by plants in response to

microbial infestation or exposure to ultraviolet light [21].

Pterostilbene has also been reported to possess cancer

chemopreventive activity and other resveratrol-like health

benefits [10, 24, 27–29, 36, 38].

In consideration of the potential limitations that bio-

availability and metabolism may impose on the pharma-

codynamic activity of resveratrol, congeners and analogs of

resveratrol are attracting increasing attention as possible

agents for cancer chemoprevention. The present studies

were performed to determine the absolute and relative

bioavailability of equimolar oral doses of resveratrol and

pterostilbene in rats and to characterize their qualitative

and quantitative in vivo metabolic profiles.

Experimental methods

Animals and animal husbandry

All animal care and use in this study were performed in

accordance with standards set forth in the Guide for Care

and Use of Laboratory Animals (National Research

Council, 1996), by the U.S. Department of Agriculture

through the Animal Welfare Act (7 USC 2131, 1985), and

Animal Welfare Standards incorporated in Title 9, Part 3 of

the Code of Federal Regulations, 1991.

Male CD ([Crl:CD(SD) IGS BR]; Charles River Labo-

ratories, Portage, MI) rats were received at 6–7 weeks of

age and were held in quarantine for 1 week prior to use in

the study. During the quarantine period, rats were observed

daily for survival and general health status. Prior to ran-

domization into experimental groups, each animal under-

went a detailed physical examination to demonstrate its

suitability for use as a test animal.

Throughout the study, rats were housed individually

in stainless steel cages in a windowless room that was

maintained within a temperature range of approximatelyFig. 1 Chemical structure of resveratrol (a) and pterostilbene (b)
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18–23�C and a humidity range of approximately 50–80%.

Fluorescent lighting in the animal room was provided on a

daily cycle of 12 h of light followed by 12 h of darkness.

At all times during the quarantine and dosing periods, rats

were permitted free access to Certified Rodent Diet #5002

(PMI Nutrition International, Brentwood, MO) and City

of Chicago drinking water (administered by an automatic

watering system).

Test articles and dosing formulations

Resveratrol (Sochinaz SA, Vionnaz, Switzerland) and

pterostilbene (H&Y International Group Ltd., Hangzhou,

China) were provided by the Division of Cancer Preven-

tion, National Cancer Institute. The purity of each agent

was [99%, as determined by HPLC.

Dosing formulations of resveratrol and pterostilbene

were prepared for intravenous administration in a vehicle

of DMSO:PEG-300 (15:85; v/v)]; a dosing volume of

2.5 mL/kg body weight was used for intravenous injec-

tions. Oral dosing formulations were prepared in a vehicle

of 0.5% (w/v) aqueous methylcellulose containing 0.2%

(w/v) Tween 80; a dosing volume of 10 mL/kg body

weight was used for gavage administration. All vehicle

components were purchased from Sigma–Aldrich (St.

Louis, MO).

Study design and conduct

At the end of the quarantine period, rats were randomly

assigned to one of ten dosing groups using a computerized

body weight stratification procedure that produced similar

group mean body weight values. Body weights for the

animals assigned to the study ranged from 201 to 241 g.

The study design is summarized in Table 1.

Detailed clinical and physical observations, including

body weight collection, were performed on each surviving

animal once during the quarantine period, and on Days 1,

8, and 14 of the treatment period. Food consumption was

measured individually for each study animal in the repeat-

dose groups on Days 8 and 14 of the treatment period.

In groups receiving a single dose of resveratrol or

pterostilbene, blood samples were collected from three

animals per group at 10 time points (oral dose groups) or

11 time points (intravenous dose groups); blood was col-

lected at time 0 (predose), 5 min (iv groups only), 15 min,

30 min and 1, 2, 4, 6, 8, 12, and 24 h after dose adminis-

tration. Animals were anesthetized with 70% CO2/30% air,

and blood samples (approximately 1 mL) were collected

via retro-orbital sinus puncture. The same schedule of

blood collection was used after the final dose in animals

receiving resveratrol or pterostilbene daily for 14 days.

Blood samples were collected in Vacutainer tubes

(Fisher Scientific, Pittsburgh, PA) containing ethylenedia-

minetetraacetic acid (EDTA). Tubes were inverted several

times to mix and were then placed on ice until centrifuged

to separate plasma within 1 h time. After centrifugation,

plasma was transferred into storage tubes (0.5 mL), which

were stored frozen (approximately -70�C) until analyzed.

Analytical method

Plasma levels of resveratrol and pterostilbene were mea-

sured using a tandem mass spectrometer (API 3000;

Applied Biosystems/MDS Sciex, Foster City, CA) equipped

with a high performance liquid chromatograph (Agilent

1200; Agilent Technologies, Wilmington, DE). For resve-

ratrol or pterostilbene determination, a 100 lL aliquot of

plasma was mixed with 1 mL of acetonitrile (ACN;

Sigma–Aldrich, St. Louis, MO). For resveratrol analysis,

an internal standard resveratrol-13C6 (Toronto Research

Chemicals, Inc., Ontario, Canada) was added at a con-

centration of 25 ng/mL. After vortex mixing for 1 min, the

sample was centrifuged at 7,000 RPM at 4�C for 10 min to

remove precipitated proteins; the supernatant was trans-

ferred to a clean tube and dried under nitrogen at room

Table 1 Experimental design
Group

number

Number

of rats

Test article Route of

administration

Number of

daily doses

Dose

(mg/kg/day)

1 12 Resveratrol Intravenous 1 10

2 12 Pterostilbene Intravenous 1 11.2

3 12 Resveratrol Oral 1 50

4 12 Pterostilbene Oral 1 56

5 12 Resveratrol Oral 14 50

6 12 Pterostilbene Oral 14 56

7 12 Resveratrol Oral 1 150

8 12 Pterostilbene Oral 1 168

9 12 Resveratrol Oral 14 150

10 12 Pterostilbene Oral 14 168
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temperature (approximately 25�C). After the evaporation

was completed, the residue was reconstituted in 100 lL of

methanol with 5 min of sonication, added to 400 lL of

water, vortex mixed, and centrifuged again. The resulting

supernatant was transferred to a sample vial for instru-

mental analysis. All sample preparations were conducted

under yellow light and using opaque plastic ware to avoid

light exposure of the agent.

Freshly prepared resveratrol and pterostilbene standard

curves were analyzed along with samples on each day of

analysis. Instrument calibrators and quality control (QC)

samples were prepared by adding 10 lL of a stock resve-

ratrol or pterostilbene solution (in a methanol/water mix-

ture [v/v 50:50] to 100 lL of rat plasma (Bioreclamation

Inc., Westbury, NY). Target calibrator concentrations were

5, 10, 20, 50, 100, 200, 500, and 1,000 ng/mL. QC samples

were prepared at approximately 12, 400, and 800 ng/mL.

Calibrators and QC samples were processed for analysis

using the procedure described earlier. The concentration of

conjugated metabolites for both agents was estimated using

the calibration curve for each parent compound.

Chromatography was performed using a Luna 3l C18,

30 9 2.0 mm column (Phenomenex, Torrance, CA)

maintained at a temperature of 25�C. A flow rate of

0.25 mL/min was used. Mobile phase (MP) A consisted of

5 mM ammonium acetate in water:isopropanol (98:2, v/v);

and MP B consisted of methanol:isopropanol (98:2, v/v).

The MP gradient was as follows: after injection, initial

conditions with MP A at 90% were held for 0.5 min,

decreased to 5% in 3.5 min and held constant for 5 min,

returning to initial conditions for another 3 min of re-

equilibration time. Retention times for the target analytes

were: resveratrol and resveratrol-13C6, 5.2 min; resveratrol

glucuronide, 4.1 min; resveratrol sulfate, 4.7 min; ptero-

stilbene, 6.3 min; pterostilbene glucuronide, 5.4 min; and

pterostilbene sulfate, 5.5 min. Total run time was 12 min.

A turbo ion spray interface was used as the ion source

operating in negative ion mode. Acquisition was performed

in multiple reaction monitoring mode using the following

ions: resveratrol, 227.0 (Q1) ? 185.0 (Q3) Dalton; res-

veratrol-13C6, 233.0 ? 191.0; resveratrol glucuronide,

403.0 ? 227.0; resveratrol sulfate, 307.0 ? 227.0; ptero-

stilbene, 255.1 ? 197.5; pterostilbene glucuronide,

431.1 ? 255.1; and pterostilbene sulfate, 335.1 ? 255.1.

Ion spray voltage was -3,000 V; ion source temperature

was 450�C; and collision energy was -30, -35, or 45 V.

The selectivity of the method was assessed by analyzing

plasma extracts from different lots for the presence of

analytical interferences and comparing the results to those

obtained from spiking the blank plasma sources with ana-

lytes at the lower limit of quantitation (LLOQ; 5 ng/mL).

Linearity was assessed using the internal standard (resve-

ratrol) or external standard method (pterostilbene) and up to

eight calibrators with analyte concentrations in the

5–1,000 ng/mL range. The curves were built from peak

areas using least-squares linear regression with (1/x)

weighting factor. The weighting factor was chosen based on

goodness-of-fit criteria including coefficient of determina-

tion (r2), the back-calculated concentration of individual

calibrators, and minimizing intercept value. Precision and

accuracy of the method were determined from QC sample

results. Within-run precision and accuracy were assessed

from the results from a single day, while between-run pre-

cision and accuracy were determined from the results from

multiple runs.

No significant peaks interfering with the quantitation of

the agents were detected in the chromatograms of blank

plasma. Calibration curves for both agents were linear from

5 to 1,000 ng/mL. The r2 values were greater than 0.995.

The back-calculated concentration of individual calibrators

used to determine the calibration curve ranged from 90 to

100% of the true value. The method’s precision (CV%)

was less than 10% and within-run accuracy ranged from 92

to 109% for both agents. Between-run accuracy ranged

from 95 to 105% and 101 to 103% for resveratrol and

pterostilbene, respectively.

Reference standards for glucuronide and sulfate

metabolites were not commercially available for pterostil-

bene. For this reason, calibration standards were not used

to quantitate conjugated metabolites of either agent. Spe-

cific enzymatic hydrolysis of the conjugated metabolites

was attempted, but resulted in the degradation of ptero-

stilbene. As such, this approach was not considered to be

viable for metabolite quantitation.

The analytical results obtained for metabolites of both

agents are estimates obtained using the corresponding

calibration curve for each parent compound; as such, these

data carry a larger experimental uncertainty than do those

generated for the parent compound.

Pharmacokinetic analysis

Mean plasma concentration–time profiles of resveratrol

and pterostilbene in the rats at scheduled (nominal) sam-

pling times were analyzed by noncompartmental pharma-

cokinetic methods using WinNonlin� Professional Edition

software, Version 5.0.1 (Pharsight Corporation, Mountain

View, CA). Key pharmacokinetic parameters, including

Tmax,, Cmax, AUC0–t, AUC0–inf, and t�, were calculated for

both routes of administration. Additional parameters,

including C0, CL, and Vss, were calculated for the intra-

venous route only, and %F was calculated for the oral

dosing route only. AUC from time zero to the last mea-

sured concentration was estimated by the linear trapezoidal

rule up to Cmax, followed by the log trapezoidal rule for the

remainder of the curve. AUC extrapolated to infinity is
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defined as AUC0–inf = AUC0–t ? Ct/kz, where kz is the

disposition rate constant estimated using log-linear

regression during the terminal elimination phase and Ct is

the last measureable plasma concentration.

Results

Pharmacokinetic parameters for resveratrol and pterostil-

bene following a single intravenous administration at

equimolar doses are summarized in Table 2. Even though

equimolar doses were administered, systemic exposure to

pterostilbene was several-fold greater than was exposure to

resveratrol based on their respective values for C0 and

AUC0–inf.

Pharmacokinetic profiles of resveratrol and pterostilbene

after 14 days of oral dosing are depicted in Fig. 2; similar

results were seen in animals receiving a single oral dose

(data not shown). After administration of equimolar doses,

plasma concentrations of pterostilbene were substantially

greater than were plasma concentrations of resveratrol at

both dose levels evaluated in the study. The bioavailability

of both resveratrol and pterostilbene appeared to be largely

independent of the dose (over the 3-fold dose range used in

the study) and number of doses (1 or 14; Table 3); at both

doses and durations of exposure, the bioavailability of

pterostilbene was approximately 3- to 4-fold greater than

was the bioavailability of resveratrol. This finding is con-

sistent with much greater Cmax and AUC0–inf values for

pterostilbene.

In addition to the plasma levels of the two parent drugs,

patterns of metabolism of resveratrol and pterostilbene

were also compared. Glucuronide and sulfate conjugates

were the primary metabolites of both agents; resveratrol

was not detectable after pterostilbene administration. For

both agents, sulfate conjugation was generally more

extensive than was glucuronidation; an exception to this

general pattern was seen with administration of the low

dose of resveratrol, after which levels of sulfate and glu-

curonide conjugates were similar (Tables 4, 5, 6).

Comparisons of AUC0–inf and Cmax values for sulfate

conjugates demonstrated that exposure to pterostilbene

sulfate was markedly higher than was exposure to resve-

ratrol sulfate (Table 5). For both agents, these values

appeared to be independent of the duration of dosing;

however, these values did increase with dose level. In the

case of resveratrol, glucuronide/parent AUC0–inf was sim-

ilar after a single dose, but appeared to decrease with dose

level after multiple doses. In contrast, the ratio for sulfate/

parent increased with dose (Table 6) after both single and

multiple doses. Exposure to the sulfate metabolite (relative

to the parent or glucuronide) increased with dose for res-

veratrol, but decreased for pterostilbene (Table 6).

Comparisons of the AUC0–inf for Phase II metabolites

after administration of the low doses of each agent dem-

onstrated that exposure to resveratrol glucuronide was

considerably greater than was exposure to pterostilbene

glucuronide (Table 4). By contrast, at the high dose, a

larger increase in levels of pterostilbene glucuronide

resulted in the AUC0–inf for pterostilbene glucuronide

approaching that of resveratrol glucuronide.

Discussion

Pharmacokinetic profiles of resveratrol and pterostilbene

were compared in male rats following a single intravenous

dose, a single oral (gavage) dose, and daily oral (gavage)

doses administered over 14 consecutive days. Following

administration at equimolar doses, systemic exposure

to pterostilbene was substantially greater than was sys-

temic exposure to resveratrol: pterostilbene demonstrated

Table 2 Summary of pharmacokinetic parameters of resveratrol and pterostilbene following a single intravenous dose

Chemical Dose (mg/kg) C0 (ng/mL) AUC0–inf (ng*h/mL) T1/2 (h) CL (L/h/kg) Vss (L/kg)

Resveratrol 10.0 3,450 906 NC 11.0 NC

Pterostilbene 11.2 7,340 4,090 2.9 2.7 5.3

NC means not calculated; insufficient concentration–time data were available to fully characterize the T1/2 and Vss

Fig. 2 Plasma concentration–time curves for resveratrol and ptero-

stilbene. Animals were orally dosed daily for 14 days, and pharma-

cokinetic profiles were obtained after the last dose. Symbols represent

mean ± SD for n = 3
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Table 3 Summary of

pharmacokinetic parameters of

resveratrol and pterostilbene

following daily oral dosing for 1

and 14 days

Chemical Dose

(mg/kg)

Number

of doses

Tmax

(h)

Cmax

(ng/mL)

AUC0–inf

(ng*h/mL)

T1/2

(h)

%F

Resveratrol 50 1 1.0 76.7 1,350 11.8 29.8

Pterostilbene 56 1 2.0 2,820 13,700 1.5 66.9

Resveratrol 50 14 0.25 176 902 5.5 19.9

Pterostilbene 56 14 2.0 2,550 15,000 1.6 73.2

Resveratrol 150 1 1.0 847 2,580 3.6 19.0

Pterostilbene 168 1 4.0 7,880 57,700 1.9 94.2

Resveratrol 150 14 2.0 494 2,370 1.8 17.5

Pterostilbene 168 14 8.0 5,560 49,600 1.9 80.8

Table 4 Summary of

pharmacokinetic parameters of

resveratrol glucuronide and

pterostilbene glucuronide

following a daily oral dosing for

1 and 14 days

Chemical Dose

(mg/kg)

Number

of doses

Tmax

(h)

Cmax

(ng/mL)

AUC0–inf

(ng*h/mL)

T1/2

(h)

Resveratrol 50 1 4 2,290 11,600 1.2

Pterostilbene 56 1 2 516 2,380 1.4

Resveratrol 50 14 1 1,590 11,600 6.6

Pterostilbene 56 14 2 456 2,520 1.5

Resveratrol 150 1 2 3,740 22,700 3.4

Pterostilbene 168 1 2 1,400 10,500 2.3

Resveratrol 150 14 2 2,620 15,700 2.2

Pterostilbene 168 14 6 2,390 16,300 1.6

Table 5 Summary of

pharmacokinetic parameters of

resveratrol sulfate and

pterostilbene sulfate following a

daily oral dosing for 1 and

14 days

Chemical Dose

(mg/kg)

Number

of doses

Tmax

(h)

Cmax

(ng/mL)

AUC0–inf

(ng*h/mL)

T1/2

(h)

Resveratrol 50 1 4 2,020 12,600 3.2

Pterostilbene 56 1 4 1,970,000 1,280,000 1.3

Resveratrol 50 14 .25 2,770 12,200 .93

Pterostilbene 56 14 4 2,060,000 1,110,000 1.5

Resveratrol 150 1 1 8,710 46,000 3.2

Pterostilbene 168 1 8 2,630,000 2,450,000 1.6

Resveratrol 150 14 2 10,500 56,400 1.6

Pterostilbene 168 14 6 2,050,000 2,130,000 1.6

Table 6 Relative AUC0–inf

values after oral administration

for resveratrol, pterostilbene,

and their glucuronide and

sulfate metabolites

Chemical Dose

(mg/kg)

Number

of doses

AUC0–inf

glucuronide/parent

AUC0–inf

sulfate/parent

AUC0–inf sulfate/

glucuronide

Resveratrol 50 1 8.6 9.3 1.1

150 1 8.8 18 2.0

50 14 13 14 1.1

150 14 6.6 24 3.6

Pterostilbene 56 1 0.18 937 5,330

168 1 0.18 425 2,330

56 14 0.17 740 4,410

168 14 0.33 430 1,310
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markedly higher Cmax and AUC0–inf values, and its oral

bioavailability was several-fold greater than the oral bio-

availability of resveratrol.

Following intravenous dosing, total body clearance of

resveratrol (11 L/h/kg) exceeded that of pterostilbene

(2.7 L/h/kg). Clearance of resveratrol exceeded the rate of

hepatic blood flow, while clearance of pterostilbene

approached that value (4 L/h/kg). Pterostilbene exhibited a

Vss value (5.3 L/kg) that was greater than total body water

(*0.7 L/kg), suggesting extensive tissue distribution.

Insufficient concentration–time data were available to fully

characterize the T1/2 and Vss for resveratrol following

intravenous dosing. However, unchanged resveratrol has

been shown to be retained in tissues and to be the main form

retained [1]. Higher clearance could account at least par-

tially for the lower plasma levels and exposure (AUC0–inf)

to resveratrol in comparison with pterostilbene.

Low plasma and tissue levels of resveratrol have been

reported following oral administration to both experimental

animals and humans [6, 41, 44]; reported in vivo plasma

levels are significantly lower than are the concentrations

of resveratrol that have commonly been used in static,

metabolism-, and elimination-free in vitro systems [4, 6].

Plasma concentrations of Phase II metabolites of both

resveratrol and pterostilbene are much higher than are the

concentrations of the respective parent compounds. It has

been proposed that these conjugates could serve as storage

pools for the parent drugs, as has been demonstrated for

estrone sulfate [40, 41]. The reported enterohepatic recir-

culation of resveratrol is generally consistent with this

hypothesis [25]. An important open question, however, is

whether these conjugates have any significant biological

activity on their own; one recent publication has presented

data demonstrating the in vitro biological activity of res-

veratrol sulfate metabolites [9, 16].

Comparisons of pharmacokinetic parameters after a

single oral dose and 14 consecutive daily oral doses pro-

vided no clear evidence for autoinduction, autoinhibition,

or saturation-limited elimination of either resveratrol or

pterostilbene under the experimental conditions used.

However, a trend of increasing F% with increasing dose

was observed in animals exposed to pterostilbene.

While the present study was in progress, a report

appeared describing the pharmacokinetics of pterostilbene

[23] and comparing it to that of resveratrol in a different

publication [12]. Reported clearance values following

intravenous dosing with pterostilbene (5 mg/kg) or resve-

ratrol (10 mg/kg) were 2.2 and 20.0 L/h/kg. These values

compare to our CL values of 2.7 and 11.0 L/h/kg following

intravenous administration of pterostilbene (11.2 mg/kg)

and resveratrol (10 mg/kg). The F% values reported in

those studies after oral (gavage) dosing with pterostilbene

(10 mg/kg) or resveratrol (50 mg/kg) were 12.5 and 38.8%,

respectively. These values contrast to our results of 66.9

and 29.8% for F% following administration of pterostil-

bene at 56 mg/kg or resveratrol at 50 mg/kg, respectively.

While intravenous CL values were not dissimilar between

the studies, the published results for F% of pterostilbene

were surprising in two respects. First, the data from the two

published reports suggest that the bioavailability of ptero-

stilbene is lower than that of resveratrol, which is unex-

pected. Secondly, their reported bioavailability of

pterostilbene is considerably lower than was found in our

study. This could be explained if the doses used in our

study had resulted in plasma drug concentrations in the

saturating range. This is possible in view of our data where

there was a trend of increasing F% value with increasing

(tripling) dose. However, it is not possible to draw any

definite conclusions on this matter, as the previously

reported data involved different drug doses and were based

on comparisons of nonequimolar drug administration pro-

tocols. In the present study, doses of resveratrol and

pterostilbene were equimolar and were selected to allow

adequate sensitivity over the sampling time for poorly

bioavailable resveratrol. In addition, we have also sys-

tematically examined metabolic profiles, as agent metab-

olism appears to be the single most important factor

impacting the bioavailability of polyphenols.

After careful examination, resveratrol was not detect-

able following dosing with pterostilbene. Therefore,

pterostilbene does not appear to act as a prodrug for res-

veratrol. Phase II metabolites (sulfate and glucuronide

conjugates) were the major metabolites of both drugs and

were present in the plasma at levels that were substantially

greater than levels of the parent compounds. The gastro-

intestinal tract, liver, and kidneys possess high levels of

Phase II metabolizing activities [14, 39]; resveratrol has

been reported to undergo rapid and extensive glucuroni-

dation and sulfation, and the gastrointestinal tract may be

the major site for its metabolism [13, 19].

In general, the values for sulfate AUC0–inf were sub-

stantially greater than the corresponding values for the

glucuronide. At both dose levels, the AUC0–inf for ptero-

stilbene sulfate was several orders of magnitude greater

than the AUC0–inf for either pterostilbene glucuronide or

pterostilbene itself. Differences for resveratrol were smal-

ler: the AUC0–inf for resveratrol sulfate was from 9- to

24-fold higher than the AUC0–inf for resveratrol itself, but

was only 2- to 4-fold greater than levels of resveratrol

glucuronide following high dose exposure, and comparable

to levels of resveratrol glucuronide (1.0- and 1.1-fold) at

the low dose of resveratrol. Conversely, the AUC0–inf for

pterostilbene glucuronide was much lower than the

AUC0–inf for both the parent drug and its sulfate.

A dose-dependent decrease in resveratrol glucuronide/

resveratrol with concomitant increases in resveratrol
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sulfate/resveratrol and its sulfate/glucuronide AUC0–inf

ratios suggest a metabolic shift from glucuronidation to

sulfation of resveratrol, possibly due to the saturation of the

glucuronide pathway and/or differences in the respective

values for their Km and Vmax values. A recent study in rats

suggested that the specific conjugation pathway of resve-

ratrol may be dose-dependent, with glucuronidation being

the first step followed by sulfation, which may occur only

after a certain level of resveratrol is reached [43]. On the

other hand, a decrease in the sulfate/parent AUC0–inf ratio

with dose may suggest saturation of the pterostilbene sul-

fation pathway under these conditions. Possible contribu-

tions of drug transporters to the pharmacokinetic profiles of

resveratrol and pterostilbene cannot be discounted as has

been proposed for resveratrol [40].

In summary, different exposure profiles of resveratrol,

pterostilbene, and their glucuronide and sulfate conjugates

are evident in the results of this study. Pterostilbene plasma

levels and exposures were much higher than those of

equimolar doses of resveratrol, regardless of dose or route

of administration. Exposure to pterostilbene and pterostil-

bene sulfate was markedly greater than to resveratrol and

its sulfate metabolite. On the other hand, exposure to res-

veratrol glucuronide was greater than to pterostilbene

glucuronide. These differences stem from differences in

absorption and metabolism of these two drugs.

In consideration of the apparent pharmacokinetic

advantages of pterostilbene, studies to compare the efficacy

and toxicity of pterostilbene and resveratrol are warranted

to determine whether its improved pharmacokinetics

translate into greater cancer chemopreventive and other

pharmacologic activities.
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