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There is considerable evidence that stilbenes provide health benefits. trans-Polydatin is one of the
major stilbenoid compounds in red wine. The purpose of this study is to investigate the dose-
dependent absorption and metabolism of trans-polydatin in rats. trans-Polydatin was administered to
rats by gavage at three different doses (50, 100, and 300 mg-kg '). Blood samples were then
collected at different time points. In situ perfusion of rat small intestine and liver was used to
investigate the first-pass metabolism of trans-polydatin. trans-Polydatin and its metabolites were
detected by LC-MS/MS. trans-Polydatin and its metabolites resveratrol, glucuronidated resveratrol,
and glucuronidated trans-polydatin were detected in plasma within 10 min following oral adminis-
tration of trans-polydatin; in situ perfusion of the rat small intestine and liver with trans-polydatin
yielded the same result. The AUC,... of trans-polydatin and its metabolites increased in a dose
dependent manner following oral administration of frans-polydatin. This indicates that in the rats,
trans-polydatin is absorbed in a dose-dependent manner and undergoes extensive first-pass
deglycosylation and glucuronidation. Orally administered trans-polydatin, therefore, is metabolized
primarily to resveratrol in the small intestine and liver, where it is further metabolized to the
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glucuronidated resveratrol.
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INTRODUCTION

Several epidemiological studies have shown that a moderate
consumption of red wine is related to a reduced incidence of heart
disease and cancer (/, 2). Polyphenols have been found in a
number of plant species, but grapes and wine are the most
important foods containing these substances. In red wine, one
of the most significant compounds in terms of possible health
benefits is trans-resveratrol (trans-3,5,4'-trihydroxystilbene).
Indeed, resveratrol has been reported to have anticarcinogenic,
antioxidant, and cardioprotective activities (3). It may exert a
protective effect against atherogenesis through its antioxidant
properties. Although there is considerable evidence that frans-
resveratrol possesses strong biological activity, wine has a low
level of trans-resveratrol in comparison to its glucoside trans-
polydatin (piceid, trans-3,5,4 -trihydroxylstilbene-3-mono-p-gly-
coside). In fact, the level of trans-polydatin in red wine is 10 times
greater than the level of trans-resveratrol (4). Therefore, trans-
polydatin is the main dietary source of trans-resveratrol in
red wine. Additionally, previous studies have shown that
trans-polydatin can inhibit platelet aggregation, improve micro-
circulation, alleviate tissue-organ damage induced by ischemia
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reperfusion, lower blood cholesterol, and suppress lipid peroxide
formation (35, 6).

The absorption and metabolism of resveratrol have been
extensively investigated by different research approaches. The
oral bioavailability of resveratrol is almost zero due to rapid and
extensive metabolism and the subsequent formation of various
metabolites such as resveratrol-glucuronides and resveratrol-sul-
fates (7). It was reported that resveratrol-glucuronides were the
main metabolites after resveratrol was orally administered to
Wistar rats (8). In vitro studies indicated that frans-polydatin
was deglycosylated in Caco-2 cells; the resulting aglycone was
metabolized into trans-resveratrol-3-O-3-glucuronide and to a
lesser extent into frams-resveratrol-4’-O-f-glucuronide. When
trans-polydatin was incubated with Caco-2 cells, trans-resveratrol
was detected on both apical and basolateral sides (9). In vivo
studies have shown that rrans-polydatin, trans-resveratrol-3-0-f3-
glucuronide, and trans-resveratrol are detectable in plasma after
oral administration of trans-polydatin (150 mg kg™") to Wistar
rats (10 ). Moreover, when trans-polydatin (85.5 mg/70 kg of body
weight) was orally administered to healthy volunteers, trans-
resveratrol-3-sulfate, rrans-resveratrol-3,4'-disulfate, trans-resver-
atrol-3,5-disulfate, trans-resveratrol-3-glucuronide, and trans-re-
sveratrol-4'-glucuronide were identified in plasma and urine (/7).

Although the metabolism of frans-polydatin has been investi-
gated, there exist no quantitative data reporting the dose-dependent
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Table 1. HPLC Gradient Condition

time (min)  acetonitrile (A, %)  water (B, %)  flow rate (mL/min)  curve
0 30 70 02 1
2 60 40 0.2 6
6 100 0 0.2 6
14 30 70 0.2 1
Table 2. Mass Spectrum Condition
dwell capillary cone collision

compound precursor daughter time (s) voltage (kV) voltage (V) energy (eV)

Figure 1. Chemical structures of frans-resveratrol (A) and trans-poly-
datin (B).

absorption and first-pass metabolism of zrans-polydatin in vivo. In
this paper, the dose-dependent absorption and metabolism of
trans-polydatin were studied in rats, using in situ perfusion of rat
small intestine and liver to investigate the products of first-pass
metabolism.

MATERIALS AND METHODS

Materials. High-purity (>99%) trans-polydatin and resveratrol
(Figure 1) were kindly donated by Xi’an Haotian Bioengineering Technology
Co., Ltd., China. Genistein and glucuronidase (catalog no. G-0251) were
purchased from Sigma Chemical Co. Acetonitrile and methanol were of
HPLC grade, and other chemicals used were of analytical reagent grade.
Sprague—Dawley rats (200 + 20 g) were purchased from the Experimental
Animal Research Center, the Fourth Military Medical University (Xi’an,
China). The animals were allowed water and laboratory chow ad libitum.
A 12 h light/dark cycle was used. Rats were fasted for 12 h prior to
experimental use. All animal procedures were performed in accordance with
protocols approved by the University Animal Care and Use Committee.

Administration of frans-Polydatin. In this study, the oral dose of
trans-polydatin was determined according to published reports on the
efficacy and metabolism of polydatin or resveratrol (5, 10, 12). trans-
Polydatin was suspended in 0.5% carboxymethylcellulose sodium solu-
tion, administered to rats by gavage at doses of 50, 100, and 300 mg kg .
There were 72 rats in each dosage group. The rats were anesthetized by
diethyl ether, and 2 mL blood samples were drawn from the abdominal
aorta 0.17,0.33,0.5, 1, 2, 4, 6, 8, 12, 16, 24, and 36 h after each dosing.
Blood samples were heparinized and plasma was separated by centrifuga-
tion (7 min, 4 °C, 2000g). Six new rats were sampled for each sampling
time.

In Situ Perfusion of Rat Small Intestine. To investigate the
metabolism of frans-polydatin in the small intestine, the in situ perfused
rat small intestine model was used as previously described (13 ). The trans-
polydatin concentration in perfusate was in accordance with the previously
published papers (14, 15). Briefly, the Sprague—Dawley rats were anesthe-
tized by using an intraperitoneal injection of xylazine/ketamine (15/
75 mg kg™"). The rat small intestine was exposed by midline incision,
and a 7—11 cm long segment of the intestine from 5 cm below the ligament
of Treitz was identified and separated. Silicone tubing (i.d. = 3.0 mm,
0.d. = 5.0 mm) was placed inside both ends of the segment, and the tube at
the proximal side was connected to a peristaltic pump for luminal
perfusion. The segment was then perfused (0.5 mL min~') with warm
normal saline containing 50 uM trans-polydatin. A polyethylene cannula
(i.d. = 0.5 mm, o.d. = 0.8 mm), connected to a peristaltic pump for the
vascular perfusion, was inserted into the superior mesenteric artery. The
single-pass perfusion of perfusate, consisting of Krebs—Ringer bicarbonate
buffer (pH 7.4) including 5.5 mM p-glucose, 3% BSA, 2.5% dextran-70,
and 0.8 mM r-glutamine, gases with 95% O, and 5% CO,, was begun
immediately at 2.0 mL min~". The mesenteric vein for collecting buffer from
the specified segment of intestine was cannulated with 6 cm long poly-
ethylene tubing (i.d. = 0.86 mm, o.d. = 1.27 mm). To maintain a constant
temperature of the perfusate, the inlet cannula was insulated and kept warm
by a 37 °C water bath. Samples obtained from the outlet of the mesenteric
vein and luminal aliquots were collected into the tubes every 10 min.

polydatin 389 227 0.4 35 25 13
resveratrol 227 143 0.4 3.5 45 23
genistein 269 133 0.4 35 32 5

In Situ Perfusion of Rat Liver. To investigate the metabolism of
trans-polydatin in liver, the in situ perfused rat liver preparation was used
as described previously (/6). The trans-polydatin concentration in perfu-
sate was determined according to the trans-polydatin concentration in the
plasma after oral administration of ¢rans-polydatin (50 mg kg™') and the
previous literature (/7). Briefly, Sprague—Dawley rats were anesthetized
using an intraperitoneal injection of xylazine/ketamine (15/75 mg kg ).
The portal vein and superior vena cava were cannulated using an
intravenous 16 or 18 gauge catheter, respectively. The laparatomized rats
were heparinized with 500 units of heparin injected into the inferior vena
cava. The perfusions were conducted using freshly prepared Krebs—
Henseleit buffer (118 mM NaCl, 4.5 mM KCI, 2.75 mM CaCl,,
1.19 mM KH,POy, 1.18 mM MgSO,, and 25 mM NaHCOs, equilibrated
with 95% 0,/5% CO,, pH 7.4) with a constant flow rate of 10 mL min~!
using a peristaltic pump through the portal vein. The effluent perfusate
was collected from the superior vena cava. To maintain a constant
temperature of the perfusate, the inlet cannula was insulated and kept
warm by a 37 °C water bath. The final concentration of trans-polydatin in
perfusate was 1.5 uM.

Sample Pretreatment. To detect the free rrans-polydatin and resver-
atrol, 0.25 mL of plasma (or perfusate) and 100 uL of genistein solution
(internal standard, 0.4 mg L™") were added into the tubes. The samples
were extracted twice with 2.0 mL of ethyl acetate. The organic phase
of each sample was transferred to a clean tube and evaporated to
dryness at 30 °C under a gentle stream of nitrogen in the ventilation
cabinet. The residue of each sample was dissolved in 50 4L of methanol,
and 10 uL was taken for LC-MS/MS analysis. Glucuronides were
identified and quantified on the basis of enzymatic hydrolysis with
glucuronidase. Briefly, 0.2 mL of glucuronidase solution (2000 units
mL™" in 0.17 mol L™' ammonium acetate, pH 4.6) was added to
0.25 mL of plasma and incubated at 37 °C for 2 h in a shaking water
bath. Preliminary studies showed that this protocol ensured the complete
hydrolysis of the glucuronides (/3). Next, the samples were extracted and
the total trans-polydatin and resveratrol in each sample were detected as
described above. Free trans-polydatin and resveratrol were deducted from
the total amount of frans-polydatin and resveratrol to calculate the
amount of glucuronidated #rans-polydatin and glucuronidated resveratrol
in each plasma sample.

Analytical Method. trans-Polydatin and its metabolites were ana-
lyzed as previously described (/8). A Quattro Premier liquid chromato-
graph—mass/mass (LC-MS/MS) system (Waters Corp., Milford, MA)
operating under Masslynx 4.1 software was used. Briefly, an XTerra
Cg analytical column (150 x 2.1 mm, 5 um, Waters Corp.) was used
with the mobile phase gradient elution of acetonitrile/water. Eluant A
was acetonitrile, and eluant B was water. The gradient was run from
30% A to 100% B over 6 min as shown in Table 1. An electrospray
ionization—mass spectrometry (ESI ™) source was used as detector and was
operated in negative ion mode in selected multiple reaction monitoring
(MRM) mode with the transitions of m/z 389—227 (trans-polydatin) and
mjz 227—143 (resveratrol) used as quantifier ion, respectively, as shown
in Table 2.

Statistical Method. The area under the curve (AUC,_,) was calcu-
lated using the linear trapezoidal rule from zero to the last plasma drug
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Figure 2. Typical LC-MS/MS chromatograms of a plasma blank (A),

sample obtained from a rat following oral administration 300 mg kg

a plasma blank spiked with trans-polydatin, resveratrol, and internal standard (B), a plasma

~ of trans-polydatin (C), and the same plasma sample treated with glucuronidase (D).
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Figure 2. (Continued).

concentration. By semilogarithm graphic rules, terminal elimination rate
constants (K,) were estimated with least-squares regression of values in the
terminal log-linear region of plasma concentration—time curves; 7, was
calculated as 0.693/K,. AUC,_.. was calculated as AUCy—, + C/K.,
where C, is the last detectable plasma concentration and ¢ is the time at
which this concentration occurred. Peak concentration (Cpay) and Trax
were obtained from observed data. Statistical significance was determined
with one-way analysis of variance (ANOVA); P < 0.05 was regarded as
significant difference.

RESULTS

Validation of Analytical Method. Under the optimized chro-
matographic condition, trans-polydatin, resveratrol, and internal
standard (IS) were clearly separated chromatographically with
retention times of 3.1, 6.2, and 7.5 min, respectively. No sig-
nificant interference between the analytes or the internal standard
with endogenous substances was detected (Figure 2A,B). The
peak area of frans-polydatin and resveratrol increased in the
glucuronidase-treated samples (Figure 2D) when compared to the
results of chromatograms of untreated samples (Figure 2C).
Meanwhile, the peak area of the IS in the two samples exhibited
almost no change. Through this method, we identified and
quantified the glucuronoconjugate of trans-polydatin and resver-
atrol in blood and perfusate sample. The precision of the
analytical method, expressed as the intraday and interday relative
standard deviations (RSDs), was below 7.1% for quality control
samples. The accuracy, expressed as the relative error (RE), was
within £5.7% for all analytes. The recovery of trans-polydatin
and resveratrol with this analytical method varied from 92 to
110%. The lower limit of quantification (LLOQ) is 0.4 ng mL ™%

Absorption of trans-Polydatin at Different Doses in Rats. When
orally administered to rats, trans-polydatin was absorbed rapidly.
The concentration—time curve of trans-polydatin is shown in
Figure 3A. The results of the noncompartmental pharmacokinetic
analysis are summarized in Table 3. The percentage of free trans-
polydatin in the total drug (free zrans-polydatin + metabolites)
detected in the plasma at different doses is shown in the Support-
ing Information (Table S1). As the oral dose increased from 50 to
300 mg kg_], the peak concentration (Cp,y) and AUC,_..
increased in a dose-dependent manner (R’ = 0.9963 and
0.9997, respectively); also, the ¢, was prolonged.

Pharmacokinetics of trans-Polydatin Metabolites in Rats at
Different Doses. After oral administration of trans-polydatin,
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high levels of resveratrol, glucuronidated trans-polydatin, and
glucuronidated resveratrol were detected in the plasma. The
concentration—time curve of the metabolites is shown in Figure 3.
The resveratrol concentration in the plasma reached its first peak
(Cmax1) at 20 min and its second peak (Cpaxo) at 400 min. In
parallel with the concentration of resveratrol, glucuronidated
resveratrol concentration in plasma reached its first peak (Cyaxi)
at 30 min and its second peak (Cyaxo) at 400 min. As the oral dose
increased from 50 to 300 mg kg ', the peak concentration (Cpax1)
and AUC_.. of resveratrol, glucuronidated zrans-polydatin, and
glucuronidated resveratrol increased in a dose-dependent manner
(R* = 0.797 and 0.994 for resveratrol; R* = 0.999 and 0.992 for
glucuronidated trans-polydatin; R* = 0.998 and 0.993 for glu-
curonidated resveratrol), and the 7, , was prolonged. The results
of the noncompartmental pharmacokinetic analysis are summar-
ized in Tables 3 and 4. The percentage of free resveratrol,
glucuronidated trans-polydatin, and glucuronidated resveratrol
in the total drug (free trans-polydatin + metabolites) determined
in plasma at different doses is shown in the Supporting Informa-
tion (Tables S2—S4).

First-Pass Metabolism of trans-Polydatin in Rat Small Intestine
and Liver. In control perfusion experiments with trans-polydatin
free perfusate, trans-polydatin and its metabolites were not
detected in vascular compartments. trans-Polydatin, resveratrol,
glucuronidated resveratrol, and glucuronidated trans-polydatin
were detected in vascular compartments within 10 min after
perfusion of trans-polydatin in situ rat small intestine. The
amount of trans-polydatin and its metabolites in the vas-
cular effluent perfusate increased in a time-dependent manner
(Figure 4). The percentage of metabolites in the total drug (trans-
polydatin + metabolites) detected in vascular compartments at
different time points is shown in the Supporting Information
(Table S5). A significantly higher percentage of glucuronidated
trans-polydatin occurred within 60 min after perfusion in com-
parison with either glucuronidated resveratrol or resveratrol
(P < 0.05 vs glucuronidated resveratrol; P < 0.01 vs resveratrol).

The pattern of metabolism of trans-polydatin in rat liver was
similar to that seen in rat small intestine. The amounts of
resveratrol, glucuronidated resveratrol, and glucuronidated
trans-polydatin in the effluent perfusate from the superior vena
cava increased in a time-dependent manner (Figure 5). The levels
of trans-polydatin and its metabolites at each time point
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Figure 3. Concentration—time curves for trans-polydatin (A), resveratrol
(B), glucuronidated trans-polydatin (C), and glucuronidated resveratrol (D)
after oral administration of different doses of trans-polydatin: () 300 mg
kg™"; (m) 100 mg kg~ '; (a) 50 mg kg~ '. Data are mean & SD, n=6.

expressed as a percentage of the total concentration of trans-
polydatin and its metabolite in the effluent perfusate are shown in
the Supporting Information (Table S6). Glucuronidated resver-
atrol is the main metabolite detected in the effluent perfusate from
the superior vena cava when compared to either glucuronidated

Zhou et al.

trans-polydatin or resveratrol (P < 0.02 vs glucuronidated trans-
polydatin; P < 0.01 vs resveratrol), which is different from the
metabolism of trans-polydatin in rat small intestine. At any time
point during perfusion, only small amounts of resveratrol were
detected in the effluent perfusate.

DISCUSSION

Our study indicates that zrans-polydatin can be absorbed and
efficiently deglycosylated and glucuronidated in rats. zrans-Poly-
datin, resveratrol, glucuronidated resveratrol, and glucuroni-
dated trans-polydatin were detected in plasma after oral
administration of trans-polydatin. To our knowledge, there are
no previous reports of the formation of glucuronidated trans-
polydatin when trans-polydatin is metabolized in Caco-2 cells,
Wistar rats, and humans. It is reported that the efflux pump
MRP2 (multidrug resistance associated protein 2) is involved in
the apical efflux of both trans-polydatin and trans-resveratrol by
Caco-2 cells (9, 19). In this study, when C,,,,, was normalized with
dose, the value of trans-polydatin, resveratrol, and glucuroni-
dated resveratrol decreased when the dose increased; meanwhile,
the value of glucuronidated trans-polydatin increased with the
dose. This implies that the absorption (or bioavailability) of trans-
polydatin decreased at high dose, and the metabolism of trans-
polydatin is nonlinearly dose-dependent in rats. When the dose of
trans-polydatin increased from 50 to 300 mg kg ', the t1, and
Imax Of trans-polydatin were prolonged. Another study has shown
that after polydatin was intravenously administered to rats at
doses of 10, 20, and 30 mg kgfl, t1o was 71.4,90.4, and 95.0 min
and AUC,_.. was 807.54, 953.73, and 1919.30 mg min L™" (20).
These data indicate that elimination of orally administered trans-
polydatin is likely limited by absorption rate. Moreover, the
absorption and excretion of resveratrol in mice after oral inges-
tion of grape juice preparations was also investigated. The
cumulative amounts of resveratrol excreted in the urine of the
mice receiving concentrated grape juice for 4 days were 2.3% of
the ingested doses. Plasma levels of resveratrol, however, were not
detected (21). Interestingly, after trans-polydatin (85.5 mg/70 kg
of body weight) was orally administered to healthy volunteers ata
single dose, trans-resveratrol-sulfates are the dominant conju-
gates in plasma and urine. Neither trans-polydatin nor resveratrol
was detected in the urine or the plasma samples (/7). Taken
together, this implies that the absorption and metabolism of
trans-polydatin may be different between mice, rats, and humans.

When trans-polydatin was orally administered to the rats
(300 mgkg "), the ratio of exposures (AUC,_,) of trans-polydatin
to the total drug (trans-polydatin + metabolites) detected in the
plasmais 1.6%; the ratio of glucuronidated frans-polydatin to the
total drug determined in plasma is 10.7%:; the ratio of resveratrol
to total drug detected in plasma is 3.7%; the ratio of glucuroni-
dated resveratrol to total drug detected in plasma is 84%. These
results indicate that the proportion of trans-polydatin in plasma
was very small and that considerable amounts of resveratrol are
formed after oral administration of frans-polydatin. Previous
work demonstrated that when trans-polydatin was orally admi-
nistered to rats at a dose of 240 mg kg™, considerable amounts of
resveratrol were detected in the contents of the intestine and
cecum (22). The results of in situ perfusion of the rat small
intestine and liver also indicate that the hydrolysis of trans-
polydatin by f-glucosidases and the glucuronidation of trans-
polydatin and resveratrol by UDP-glucuronosyltransferases can
occur in the intestine and the liver, thus allowing the quantity of
trans-resveratrol available from the diet to be greater. The in vivo
bioactivity of trans-polydatin may partially result from its meta-
bolite (resveratrol). Previous study shows that there are two
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Table 3. Main Pharmacokinetic Parameters of trans-Polydatin and Resveratrol in Rat after Oral Administration of Different Doses of trans-Polydatin?

trans-polydatin resveratrol

parameter 50 mg kg~ 100 mg kg~ 300 mg kg™ 50 mg kg™ 100 mg kg~ 300 mg kg™
t/2 (min) 120.2 185.0 285.3 107 301 425
Tona (MIN) 20 20 30 20 20 30
Cinaxi (g mL™) 1033 1280 2800 393 858 1147
Coroe NA NA NA 177 395 929
AUCo_; (mg min L) 54 86 228 77 123 490
AUC,_..(mg min L) 55 87 230 78 132 524
Craxi/dose 21 13* o # 8 9 4
Conaroldose NA NA NA 4 4 3
AUC,-_../dose 1.1 0.9 0.8 1.6 1.3 1.7

2 o, elimination half-life; Tax, time to reach maximum plasma concentration; Crnay, maximum plasma concentration; AUC, area under curve. NA, not applicable. *, P < 0.05,
and **, P<0.02,vs 50 mg kg '; #, P < 0.05,vs 125 mg kg .

Table 4. Main Pharmacokinetic Parameters of Glucuronidated trans-Polydatin and Glucuronidated Resveratrol in Rat after Oral Administration of Different Doses of
trans-Polydatin®

glucuronidated trans-polydatin glucuronidated resveratrol
parameter 50 mg kg 100 mg kg~ 300 mg kg™ 50 mg kg 100 mg kg~ 300 mg kg™

ty2 (min) 385 433 578 213 496 545
tmax (Min) 60 60 60 30 30 60
Craxt (NgmL™") 1165 2687 9392 7426 11094 30900
Crnaxe NA NA NA 2835 4918 10404
AUCy_ (mg min L") 283 705 1712 1888 4560 11883
AUCq_..(mg min L™ 291 714 1779 1919 4817 12298
Cinaxi/dose 23 27 31* 148 111 101*
Cinaxeldose NA NA NA 57 49 40
AUC,_../dose 5.8 7.1 5.9 38.4 48.2 41.0

2 0, elimination half-life; &y, time to reach maximum plasma concentration; Cpax, maximum plasma concentration; AUC, area under curve. NA, not applicable. *, P < 0.05,
and **, P<0.02, vs 50 mg kg .
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Figure 4. trans-Polydatin and its metabolites in the vascular compartments after in situ perfusion of rat small intestine with trans-polydatin (50 xM): (A)trans-
polydatin; (B) resveratrol; (C) glucuronidated trans-polydatin; (D) glucuronidated resveratrol. Data are mean + SD, n=6.
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Figure 5. trans-Polydatin and its metabolites in effluent perfusate from the superior vena cava after in situ perfusion rat liver with trans-polydatin (1.5 «M):
(A) trans-polydatin; (B) resveratrol; (C) glucuronidated trans-polydatin; (D) glucuronidated resveratrol. Data are mean + SD, n = 6.

possible pathways by which frans-polydatin is hydrolyzed in the
intestine. The first is a cleavage by the cytosolic-S-glucosidase
(CBG), after passing the brush-border membrane by SGLT1
(sodium dependent glucose transport 1). The second is deglyco-
sylation on the luminal side of the epithelium by the membrane-
bound enzyme lactase phlorizin hydrolase (LPH), followed by
passive diffusion of the released aglycone, which is further
metabolized inside the cells into two glucuronides (23). Recent
studies have shown that the transport of resveratrol-glucuronide
conjugate and resveratrol-sulfate conjugate is mediated by multi-
drug resistance protein 3 (MRP3, ABCC3) and/or breast cancer
resistance protein (BCRP, ABCG?2), which are located in the
basolateral and apical membranes of enterocytes, respectively.
The absence of Mrp3 in mice results in altered disposition of
resveratrol-3-glucuronide and its parent compound resveratrol,
leading to a reduced percentage of resveratrol being excreted via
the urine in Mrp3(—/—) mice (24).

Compared with glucuronidated rrans-polydatin, glucuroni-
dated resveratrol is the main glucuronoconjugate after oral
administration of frans-polydatin to rats. It has been documented
that resveratrol, like other polyphenols, is extensively metabo-
lized via the glucuronidation pathway (15, 25, 26). The reaction is
catalyzed by the UDP-glucuronosyltransferases (UGT), a multi-
genic family of enzymes that transfer a glucuronic acid moiety
from the donor substrate, UDP-glucuronic acid (UDP-GIcUA),
to phenolic groups of the substrate, leading to the formation of O-
glucuronides, which are readily excreted in urine. It was reported
that human liver microsomal UGTSs could actively glucuronidate
both the trans- and cis-isomers of resveratrol (27). The reaction
was regioselective, leading to the formation of 3-O- and 4'-O-
glucuronides, with no 5-O-glucuronide being formed. trans-
Resveratrol-3-O-f-glucuronide is the main glucuronoconjugate
in human liver microsomes. Glucuronidation of resveratrol was
also stereoselective, as the cis-isomer was glucuronidated at a

faster rate compared with the trans-isomer. However, f-glucur-
onidases, which are widely expressed in human organs, tissues,
and body fluids, might modulate the rate of glucuronides and
release active parent aglycone (28 ). This pathway would increase
the amount of resveratrol and therefore enhance its effectiveness
in humans.

The results of in situ perfusion of rat liver with polydatin
indicated that only small amounts of resveratrol were detected in
the effluent perfusate. The hepatic metabolism and the transport
system for resveratrol were examined in isolated perfused livers
from Wistar and Mrp2-deficient TR(—) rats. The results show
that resveratrol was dose-dependently metabolized to several
resveratrol-glucuronide conjugates and resveratrol-sulfate con-
jugates. Also, a small amount of resveratrol was detected in the
effluent perfusate. MRP2 extensively mediates the biliary excre-
tion of resveratrol-glucuronides but only partly that of resvera-
trol-sulfates (/7).

There are two distinct peaks in the plasma concentration—time
curve of resveratrol and glucuronidated resveratrol, which ind-
icate enterohepatic recirculation, as has already been suggested by
several studies (29, 30). Furthermore, according to the time at
which peaks 1 and 2 occurred, the presence of distinct peaks 1 and
2 may also show a region dependent absorption rate in the rat
gastrointestinal tract. Whether or not enterohepatic recirculation
of resveratrol and glucuronidated resveratrol significantly con-
tributes to the overall pharmacological activity of resveratrol
remains to be determined.

To our knowledge, this is the first study assessing the dose-
dependent absorption and first-pass metabolism of trans-poly-
datinin vivo. The results indicate frans-polydatin can be absorbed
in a dose-dependent manner and undergoes extensive first-pass
deglycosylation and glucuronidation in rats. The main glucur-
onide conjugate in rat is resveratrol-glucuronide after oral admin-
istration of trans-polydatin. High levels of resveratrol are formed
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after oral administration of trans-polydatin, increasing the quan-
tity of trans-resveratrol available from the diet.

Although many studies have implicated a role of resveratrol in
disease prevention, its role in human health as a dietary non-
nutritional bioactive compound is controversial. This is because
of its low abundance in the diet and its low bioavailability. To
understand the beneficial effects of consuming resveratrol or
polydatin on humans, some essential questions remain to be
answered: (1) What are the optimal dosages of resveratrol or
polydatin that should be consumed to induce a health benefit?
(2) Islong-term supplementation with high doses of resveratrol or
polydatin safe?

Supporting Information Available: Tables S1—S6, percen-
tages of trans-polydatin, resveratrol, glucuronidated trans-poly-
datin, glucuronidated reseveratol, and trans-polydatin
metabolites in plasma, vascular compartments, and effluent per-
fusate. This material is available free of charge via the Internet at
http://pubs.acs.org.
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