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Abstract

The purpose of this study is to develop a sensitive LC-MS-MS method to simultaneously quantify 

polydatin and its metabolite, resveratrol, for its application in a pharmacokinetic (PK) study and 

to determine polydatin hydrolysis by microflora. A Shimadzu UHPLC system coupled to an 

AB Sciex QTrap 4000 mass spectrometer was used for the analysis. Separation was achieved 

using an Acquity BEH C18 column (2.1 x 50 mm) with acetonitrile and 0.1% formic acid as 

the mobile phases. Analysis was performed under negative ionization mode using the multiple 

reaction monitoring (MRM) approach. The method was linear in the range of 9.77 – 1,250 nM 

for both resveratrol and polydatin with correlation coefficient values >0.99. The method has been 

shown to be reproducible, with intra- and inter-day accuracy and precision ±10.4% of nominal 

values, for both analytes. The average extraction recovery rates were 81.78 to 98.3% for polydatin 

and 86.4 to 103.2% for resveratrol, respectively. Matrix effect was in the acceptable range (<15%). 

The analytes in plasma were found to be stable under bench-top, freeze-thaw, and storage (− 4°C) 

conditions. The metabolic studies showed that polydatin can be rapidly hydrolyzed by rat fecal S9 

fractions and PK studies showed that both polydatin and resveratrol were exposed in the plasma 

and variable tissues. This novel UPLC-MS-MS method can quantify the levels of both polydatin 

and its major metabolite resveratrol in biological samples.
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1. Introduction

Polydatin, also called piceid, is a stilbene isolated from the bark of Picea sitchensis and 

Polygonum cuspidatum [1]. Chemically, polydatin is a glucoside of resveratrol (3,4′,5-

trihydroxy-stilbene), where the glucoside group is bound to the hydroxyl at position-3 

(Fig. 1). Both trans- and cis-polydatin exist, but it was reported that the trans isomer 

is more interesting due to its higher biological activities [2]. Polydatin is also contained 

in fruits, food, and beverages such as grape, peanut, hop cones, hop pellets, red wines, 

cocoa-containing products, chocolate products, etc. [1]. Polydatin containing cream (e.g., 

Sooryehan Pure-whitening cream) is sold as an over the counter (OTC) product for 

whitening spot treatment in the US market [3].

Pharmacological studies have shown that polydatin possesses multiple functions including 

anti-inflammatory, immunoregulatory, anti-oxidative, and anti-tumor activities [1]. For 

example, it was reported that polydatin suppressed proliferation and metastasis of non-small 

cell lung cancer cells by inhibiting NLRP3 inflammasome activation via the NF-κB pathway 

[4]. In another example, polydatin suppressed the development of lung inflammation and 

fibrosis [5]. Moreover, polydatin was reported to have synergistic activity with some drugs. 

Some of these activities include the synergistic effect of polydatin with paclitaxel on 

osteosarcoma cells and that of polydatin with vitamin C in inhibiting cardiotoxicity induced 

by doxorubicin [6, 7]. Additionally, polydatin was reported to be active in alleviating drug 

induced toxicity in animal models. Examples include protection of acetaminophen-induced 

hepatotoxicity via the anti-oxidative pathway, protection of radiation-induced injury in 

intestinal epithelial and endothelial cells, protection of cerebral ischemia, protection of 

ovalbumin-induced bronchial asthma, and protection of cisplatin-induced toxicity [8–12]. 

Due to these promising pharmacological functions, clinical studies using polydatin to treat 

shock, chronic pain, and IBS have been conducted [13–16].

Polydatin is a glycoside and can be hydrolyzed in the gut after oral administration to release 

the aglycone resveratrol, a well-known compound possessing many types of biological 

activities such as anti-inflammation, anti-cancer, and vascular function [17–19]. A particular 

concern for polydatin studies is whether the efficacy is from the glycoside (i.e., polydatin), 

which is difficult to be absorbed, or from the aglycone (i.e., resveratrol), which is easily 

absorbed. Researchers have even reported that polydatin and resveratrol can be converted 

mutually in-vivo [20], a highly unusual property. Therefore, it is necessary to quantify both 

polydatin and resveratrol in in vivo studies to fully evaluate efficacy.

Quantification of drugs and their metabolites in biological samples (e.g., blood tissues) 

is challenging because their concentrations are usually low, and the matrix is complex 

that may interfere with the analytes. Liquid chromatography (LC) coupled with mass 

spectrometry (MS) LC-MS is a powerful tool in pharmaceutical analysis due to its high 

sensitivity and high specificity[21]. Novel technologies are continuously applied to improve 

the performance of LC-MS in the past decades, resulting in increasing applications of 

LC-MS in drug development. However, the procedure of LC-MS analysis is complicated, 

and the sensitivity and specificity of an LC-MS method could be significantly affected by 

many factors including type of mobile phases and columns, MS compound and instrument 
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dependent parameters, and sample process. To ensure the reliability, an LC-MS method must 

be validated before being applied in biological analysis.

Analytical methods using LC-MS to quantify polydatin and resveratrol are available to 

quantify both polydatin and resveratrol in plant extracts and food products. For example, an 

LC-MS method has been reported to simultaneously quantify polydatin and resveratrol from 

wine [22]. However, a sensitive and robust analytical method using LC-MS to quantify these 

two analytes in biological samples (e.g., plasma) has not been reported and validated. In this 

paper, we developed and validated a sensitive LC-MS method to simultaneously quantify 

polydatin and resveratrol and applied the method in a PK study using rats.

2. Materials and methods

2.1. Chemicals

The standard compound polydatin, resveratrol, and formononetin (I.S) were purchased from 

Toronto Research Chemicals (Toronto, Canada, all compounds purity ≥ 99%). LC-MS grade 

acetonitrile and water were from EMD (Gibbstown, NJ, USA). Other chemicals were used 

as received.

2.2. Instrument and conditions.

Separation was achieved using an Acquity UPLC BEH C18 column (2.1 × 50 mm) in a 

Shimadzu Ultra performance liquid chromatography (UPLC) system. Acetonitrile and 0.1% 

formic acid were used as the mobile phase A and mobile phase B, respectively. The elution 

gradient was as follow: 0–0.5 min (95–95% B), 0.5–2.0 min (95–65% B), 2.0–4.0 min 

(65–5% B), 4.0–5.0 min (5–5% B), 5.0–5.2 min (5–95% B), and 5.2–6.0 min (95–95% B). 

The flow rate was 0.4 mL/min. The temperature for the auto-sampler and the column was 10 

°C and 40 °C, respectively.

The analyte was quantified using an AB Sciex QTrap 4000 mass spectrometer equipped with 

an electro-spray ionization (ESI) source. Multiple reactions monitoring (MRM) scan type 

was used in the negative scan mode to increase the specificity of the analysis. The system 

was: ion source temperature was 400 °C; nebulizer gas(gas1), nitrogen, 30 psi; turbo gas 

(gas2), nitrogen 25 psi; curtain gas, nitrogen 30 psi. Unit mass resolution was set in both 

mass-resolving quadruples Q1 and Q3.

2.3. Preparation of stock solution, working solution, calibration curve in plasma, quality 
control (QC) samples, and PK samples.

The stock solutions of polydatin and resveratrol (10 mM) were prepared in 50% acetonitrile 

by accurately weighing appropriate amounts of polydatin and resveratrol and dissolving the 

powder into the solvent in a volumetric flask. Working solutions were prepared by diluting 

the stock solution of polydatin and resveratrol into 50% acetonitrile at final concentrations 

of 5,000.00, 2500.00, 1,250.00, 625.00, 312.50, 156.25, 78.13, 39.06, 19.53, 9.77, 4.88, and 

2.44 nM.

The standard curve samples in plasma were prepared by spiking each of the above working 

solutions (20 µL) into blank plasma (20 µL) and extracting with 200 µL of acetonitrile 
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containing 0.1µM of formononetin as the internal standard (I.S.). After centrifugation at 

14,000 ×g for 15 min at 4 °C, the supernatant was transferred into a clean microcentrifuge 

tube and the solvent was evaporated under N2 flow. The residue was re-constituted in 50% 

acetonitrile (100 µL) for injection after centrifugation (20,000 ×g, 15 min, and 4 °C). The 

QC samples were prepared at 20 (Low, L), 400 (Medium, M), and 800 nM (High, H) 

following the same procedure.

The PK plasma samples were prepared by spiking blank solvent (50% acetonitrile, 20 µL) 

into the plasma samples (20 µL) and extracting using 200 µL of acetonitrile containing I.S., 

as described above.

2.4. Method validation.

The method was validated according to the bioanalytical method validation guidelines of the 

FDA by evaluating the specificity, linearity, recovery, matrix effect, accuracy, precision, and 

stability.

2.4.1. Linear range.—The calibration curve samples were prepared following the 

protocols described in section 2.3. Linearity was determined by plotting the peak area ratio 

of polydatin and resveratrol to formononetin (I.S.). Least-squares linear regression method 

(1/x2 weight) was used to determine the slope, intercept, and correlation coefficient of the 

linear regression equation. The lower limit of detection (LLOD) was defined based on a 

signal-to-noise ratio of 10:1.

2.4.2. Extraction Recovery and matrix effect.—The extraction recovery was 

determined by comparing the relative peak areas obtained from blank plasma spiked with 

analytes to those obtained from water spiked with the same amount of analytes. Matrix 

effect was determined by comparing the peak areas of blank plasma extracts spiked 

with analytes and I.S. to those of the standard solutions dried and reconstituted in the 

mobile phase. These evaluations were performed according to the recommended validation 

procedures reported previously [23].

2.4.3. Accuracy and precision.—The accuracy was calculated using QC samples at 

L, M, and H concentrations. The intra-day and inter-day precision was determined by 

analyzing the QC samples at these three concentrations injected on the same day and on 

three consecutive days.

2.4.4. Stability.—The freeze-thaw stability was evaluated by performing three freeze-

thaw cycles of QC samples at L, M, and H concentrations. Samples were stored at −80 °C 

for 24 hours and thawed unassisted at room temperature, then were refrozen and re-thawed 

for a total of three cycles. The bench-top stabilities were evaluated by maintaining the QC 

samples at 25 °C for 2 and 4 h before analyzing. The long-term stability was determined by 

storing the QC samples for 14 days at −80 °C.
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2.5. Fecal S9 fraction hydrolysis.

Polydatin hydrolysis by intestinal microflora was determined using fecal S9 fraction, 

following the protocol published by us previously [24]. Briefly, fresh feces collected from 

rats were pooled, washed by cold KPI buffer, sonicated, and centrifuged at 9,000 × g at 4 

°C for 30 min. The supernatant was then collected as fecal S9 fraction. To determine the 

hydrolysis rates, different concentrations of polydatin were incubated with 0.1 mM fecal 

S9 fraction for 2 hours, after which the reaction was terminated using 6% acetic acid in 

acetonitrile. Samples were prepared and resveratrol concentrations were determined in the 

reaction system.

A UPLC method was used to quantify polydatin and resveratrol. The separation was 

achieved using an Acquity UPLC BEH C18 column (2.1 × 50 mm) in a Waters Acquity 

UPLC system with PDA detector. Acetonitrile and 0.1% formic acid were used as the 

mobile phase A and mobile phase B, respectively. The elution gradient was as follow: 0–0.5 

min (95–95% B), 0.5–2.0 min (95–65% B), 2.0–4.0 min (65–5% B), 4.0–5.0 min (5–5% B), 

5.0–5.2 min (5–95% B), and 5.2–6.0 min (95–95% B). The flow rate was 0.4 mL/min. The 

temperature for the auto-sampler and the column was 10 °C and 40 °C, respectively.

2.5 Pharmacokinetic study using SD rats.

Male F344 rats (200–250 g) were obtained from Charles River Laboratories (Wilmington, 

MA). Animals were maintained in a controlled environment animal facility (22 ± 2°C 

and 55 ± 5% relative humidity on a 12 h light/12 h dark cycle) for 10 days prior to the 

experiment. Before PK studies, the rats were fasted overnight with free access to water. 

Polydatin (100 mg/kg) was administered through oral gavage. Blood samples (50 ~ 80 

μL) were collected into heparinized microcentrifuge tubes from the fossa orbitalis vein 

at 0, 0.25, 0.5, 1, 2, 4, 8, and 24 hours after gavage and stored at −80°C until analysis. 

The pharmacokinetic parameters were calculated with WinNonlin 6.3 software, using non-

compartment model.

3. Results and Discussion

3.1 LC-MS Condition Optimization

Resveratrol is the aglycone of polydatin. To avoid cross peaks, we separated the two analytes 

using a gradient elution on a C18 column. Methanol, acetonitrile, 2.5 mM ammonia acetate 

(pH = 7.6), 0.1–0.5 % formic acid, and 100% water were tested as potential mobile phases. 

A gradient elution was established as described in section 2.2. The results showed that peak 

resolution and peak shape were the best when eluted with 0.1% formic acid and acetonitrile.

For MS conditions, both positive and negative scan modes were evaluated. According to 

the intensity of polydatin and resveratrol, negative scan was selected. Multiple reaction 

monitoring (MRM) scan type was used to improve the specificity. The compounds and 

instrument dependent parameters were optimized by tuning polydatin and resveratrol 

separately. The compound dependent MS parameters are shown in Table 1. A represented 

chromatogram is shown in Fig. 3 and the MS/MS spectra of polydatin, resveratrol, and I.S. 

are shown in Fig. 2.
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3.2 Method validation

3.2.1 Linearity—The linear range was determined in blank plasma. The developed 

method was linear in the range of 9.77 – 1,250 nM for both resveratrol and polydatin. 

Calibration curves resulted in R2 values ≥ 0.99. The LLOD was 2.44 nM for both polydatin 

and resveratrol.

3.2.2 Accuracy and precision—Accuracy and precision results for QC concentrations 

prepared in rat plasma are shown in Table 2. Polydatin intra- and inter-day results averaged 

100.2%, resveratrol results averaged 101.4%. The accuracy and precision were found to be 

within the acceptable range for both analytes.

3.2.3 Recovery and matrix effect—The average extraction recovery rates and matrix 

effect obtained by measuring triplicates of QC samples at low, medium, and high 

concentrations of polydatin and resveratrol in rat plasma are shown in Table 2. The 

extraction recovery for these three analytes ranged from 81.3 ± 4.1% to 113.9 ± 13.2%. 

There was no significant matrix effect and no significant degradation under experimental 

conditions.

3.2.4 Plasma stability—The analyte mixture in plasma was found to be stable under 

bench-top, freeze-thaw, and storage (− 4° C) conditions. The bias of short-term bench-top 

stability of polydatin averaged 99.4% and resveratrol stability averaged 102.3%. The bias 

of freeze thaw stability of polydatin averaged 99.89%, resveratrol stability averaged 103.1% 

(Table 3).

3.3 Polydatin hydrolysis to release resveratrol.

Resveratrol was identified as the hydrolysis product using the established LC-MS-MS 

method. The hydrolysis kinetic parameters were calculated and are listed in Fig. 4. The 

results showed the Km to be 77.25 ± 5.95 nM and the Vmax was 2,573 ± 85.99 nmol/mg/

min.

3.4 Application in a PK study is rats.

The mean plasma concentration-time curves of polydatin and resveratrol are presented in 

Fig. 5 and the PK parameters are listed in Table 4. The results showed that the concentration 

of polydatin in the plasma decreased rapidly, with a terminal half-life (t1/2) of 1.02 ± 0.08 

h. At the current dose, the Cmax and AUC0-t of polydatin were 1.43 ± 0.36 μM and 1.42 

± 0.42 μmol h/L, respectively. Interestingly, high exposure of resveratrol was detected in 

the plasma. The Cmax and AUC0-t of resveratrol was 1.36 ± 0.47 μM and 1.70 ± 0.14 

μmol h/L, respectively. These results indicate that when polydatin is administered through 

the oral route, a large proportion of the parent compound is converted into resveratrol. This 

conclusion was further supported by in-vitro polydatin hydrolysis via fecal S9, in which 

rapid hydrolysis was observed.
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4. Conclusions

This novel UPLC-MS-MS method for quantification of polydatin and its microbial 

metabolite, resveratrol, in plasma has been fully validated and can be used to simultaneously 

quantify both compounds in in-vivo studies. High exposure levels of resveratrol were 

detected in the plasma following administration of polydatin in a pharmacokinetic study 

in rats. This was most probably due to microbial hydrolysis, which is further supported by 

the results of the S9 fecal fraction assay. These findings indicate special attentions should be 

paid in future polydatin pharmacological efficacy studies.
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1. An UPLC-MS/MS method to quantify polydatin and resveratrol was 

developed and validated

2. Polydatin hydrolyzes by microflora was determined

3. The sensitive and robust method was used in a PK study in rats
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Figure 1. 
Chemical structures of polydatin, resveratrol, and wogonin (I.S.)

Sunsong et al. Page 10

J Chromatogr B Analyt Technol Biomed Life Sci. Author manuscript; available in PMC 2022 November 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
MS/MS spectra of polydatin, resveratrol, and wogonin (I.S.)

Sunsong et al. Page 11

J Chromatogr B Analyt Technol Biomed Life Sci. Author manuscript; available in PMC 2022 November 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Representative MRM chromatograms of blank plasma (A), blank plasma spiked with 

polydatin and resveratrol (B), and a PK sample at 60 min (C).
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Figure 4. 
Polydatin hydrolysis using enzymes prepared from rat feces. The reaction was carried out 

for 60 min at 37°C.
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Figure 5. 
Plasma concentration versus time profiles of polydatin and its metabolite resveratrol after 

oral administration of polydatin. Each symbol represents the mean and the error bars 

indicate the S.D.
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Sunsong et al. Page 15

Table 1

Compound -dependent parameters for polydatin and resveratrol in MRM mode of UPLC-MS/MS analysis.

Analytes Q1 (m/z) Q3(m/z) Dwell time (ms) DP (V) EP (V) CE (V) CXP (V)

Polydatin 389 227 200 −39.0 −10 −18.0 −3.0

Resveratrol 227 185 200 −53.0 −10 −26.0 −9.0

Wogonin (I.S.) 283 162 200 −80.0 −10 −40.0 −15.0

DP: Declustering potential, EP: Entrance Potential; CE: Collision energy, CXP: Collision cell exit potential
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Table 4

Pharmacokinetic parameters of polydatin and resveratrol after oral administration of polydatin (20 mg/kg) to 

rat (n=4)

Parameters Polydatin Resveratrol

Tmax(h) 0.33 ± 0.11 0.33 ± 0.12

Cmax(μg/L) 0.56 ± 0.14 0.36 ± 0.11

AUC0~t(μg h/L) 0.55 ± 0.16 0.39 ± 0.04

MRT(h) 1.16 ± 0.07 1.82± 0.47

T1/2(h) 1.02± 0.08 1.74 ± 0.58

CL(L/hr/kg) 201.67 ± 54.10 136.7± 3.42

Vz(L/kg) 304.01 ± 68.85 344.3± 114.65
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