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Abstract: Determination of stereochemistry and enantiomeric excess in chiral natural molecules
is a research of great interest because enantiomers can exhibit different biological
activities. Viniferin stilbene dimers are natural molecules present in grape berries and
wine but also, in larger amount, in stalks of grapevine. Four stereoisomers of viniferin
stilbene dimers (7aS,8aS)-E-ε-viniferin (1a), (7aR,8aR)-E-ε-viniferin (1b), (7aS,8aR)-E-
ε-viniferin (2a), and (7aR,8aS)-E-ω-viniferin (2b) were isolated from grapevine stalks of
Cabernet Sauvignon, Merlot and Sauvignon Blanc, using a combination of centrifugal
partition chromatography (CPC), preparative and chiral HPLC. The structure
elucidation of these molecules was achieved by NMR whereas the absolute
configurations of the four stereoisomers were investigated by vibrational circular
dichroism spectroscopy in combination with density functional theory (DFT)
calculations. This study unambiguously established the (+)-(7aS,8aS) and (+)-
(7aR,8aS) configurations for  E-ε-viniferin and  E-ω-viniferin, respectively. Finally, we
show that Cabernet Sauvignon provided the quasi enantiopure (+)-(7aS,8aS)-E-ε-
viniferin compound which presents the best anti-inflammatory and anti-oxidant
activities.
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Abstract 21 

Four stereoisomers of viniferin stilbene dimers (7aS,8aS)-E--viniferin (1a), (7aR,8aR)-E--22 

viniferin (1b), (7aS,8aR)-E--viniferin (2a), and (7aR,8aS)-E--viniferin (2b) were isolated 23 

from grapevine stalks of various varieties (Cabernet Sauvignon, Merlot, Sauvignon Blanc) 24 

using a combination of centrifugal partition chromatography (CPC), preparative HPLC and 25 

chiral HPLC. The structure elucidation of these molecules was achieved by NMR whereas the 26 

absolute configurations of the four stereoisomers were investigated by vibrational circular 27 

dichroism (VCD) spectroscopy in combination with density functional theory (DFT) 28 

calculations. This VCD study, associated with NMR results, unambiguously established the 29 

(+)-(7aS,8aS) configuration for E--viniferin and the (+)-(7aR,8aS) configuration for E--30 

viniferin. The anti-inflammatory and anti-oxidant activities of the four viniferin stereoisomers 31 

were also evaluated and we demonstrated for the first time that viniferin stereoisomers possess 32 

different bioactivities according to their configuration. Finally, this study reveals that Cabernet 33 

Sauvignon grape variety allows to extract a quasi enantiopure (+)-(7aS,8aS)-E--viniferin 34 

compound which present the best anti-inflammatory and anti-oxidant activities. 35 

Keywords: stilbene, viniferins, stereoisomers, chirality, vine, anti-inflammatory 36 

  37 
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1. Introduction 38 

Chirality plays a major role for the synthesis and development of drugs, since most of 39 

the drugs discovered are chiral. The pharmacological activity of drugs depends mainly on its 40 

interaction with biological targets such as proteins, nucleic acids and bio membranes. One 41 

enantiomer of a chiral drug may be a medicine for particular disease, whereas another 42 

enantiomer of the molecule may be inactive or in some cases can be toxic. Hence, the 43 

determination of the absolute configuration of the enantiomers plays an essential role in drugs 44 

(Alkadi & Jbeily, 2018). 45 

The hydroxylated derivatives of stilbene, especially resveratrol and its congeners have 46 

attracted much attention owing to their various benefits in human health. It is now accepted that 47 

resveratrol possesses a large number of pharmacological properties including cardioprotective 48 

(Saiko et al., 2008), neuroprotective (Richard et al., 2011), and chemopreventive effects (Ko et 49 

al., 2017). More than one thousand stilbenoids have been identified until now, and several 50 

articles tried to make a catalog (Shen et al., 2009; Rivière et al., 2012; Keylor et al., 2015). 51 

These specialized metabolites occur naturally with a limited but heterogeneous distribution in 52 

the plant kingdom (Rivière et al., 2012). Stilbenoids can be divided in monomers and oligomers. 53 

There are two main hypotheses dealing with the biosynthesis of oligomers. The first approach 54 

is chemical, while the second involves chiral intermediates and possibly enzymes. Given the 55 

different structures of existing dimers, it seems that both possibilities are present. In any case, 56 

it is the ability of this type of compounds, like most polyphenols, to form and trap radicals, 57 

which makes it possible to obtain such diversity by radical coupling. Indeed, they are 58 

mechanisms of the Sequential Proton Loss Electron Transfer (SPLET) and Hydrogen Atom 59 

Transfer (HAT) type which, by radical and proton transfer, would lead to such reactivity (Shang 60 

et al., 2009; Stojanović & Brede, 2002). It was shown that some peroxidases from grapevine 61 

are capable to form the -viniferin and other dimers (Calderón et al., 1992; Morales & Barceló, 62 



4 

 

1997; Barceló et al., 2003). Despite numerous attempts using Horseradish peroxidase (HRP) or 63 

other peroxidases, even from the grapevine, none data have been published, showing that these 64 

enzymes are involved in the formation of the E--viniferin (Barceló et al., 2003). The presence 65 

of a chiral intermediate, however, is strongly assumed, as the plants seem able to produce 66 

specifically the (+)-E--viniferin, as in Vitaceae and Dipterocarpaceae or ()-E--viniferin as 67 

in some Cyperaceae (Yoshiaki & Masatake, 2001). Laccase from Botrytis cinerea was 68 

considered capable to catalyze the reaction of resveratrol toward the (+)-E--viniferin (Pezet, 69 

1998), but subsequent studies have refuted this hypothesis (Breuil et al., 1998; Cichewicz et al., 70 

2000). 71 

Structurally, E-- and E--viniferins are resveratrol dimers belonging to the group A 72 

according to the natural stilbenes classification with two resveratrol units linked by two C-C 73 

and C-O-C connection (Shen and Lou, 2009). This structure has two stereogenic carbons on the 74 

benzofuran unit with four possible stereoisomers (Figure 1). As observed for drugs, it is 75 

possible that enantiomers of viniferins can have different activities. Recently, research carried 76 

out on the characterization of the molecular determinants responsible for the taste of wines 77 

showed how stereochemistry could influence taste properties. Thus, taste properties of 78 

lyoniresinol stereoisomers were evaluated and only one lyoniresinol enantiomer were strongly 79 

bitter whereas the other one was tasteless and the diastereoisomer is slightly sweet (Cretin et 80 

al., 2015). In order to better understand the different properties of each steroisomer of E-- and 81 

E--viniferins, it is crucial to isolate and characterize them. 82 

This paper reports the chiroptical properties (vibrational and electronic circular 83 

dichroisms) of two stilbene dimers, E--viniferin and E--viniferin from stalks of grapevine in 84 

view to determine their absolute configurations. We have shown that the two dimers are present 85 

as a mixture of enantiomers, depending on the grape variety. All the stereoisomers were also 86 
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evaluated for their anti-inflammatory and anti-oxidant activities in Lipopolysaccharide (LPS)-87 

stimulated macrophages. 88 

 89 

2. Material and Methods 90 

2.1. General Experimental Procedures.  91 

1H and 13C NMR spectra were recorded on a Bruker Avance III 600 MHz NMR 92 

spectrometer and analyzed with Bruker Topspin software. Compounds were measured in 3 mm 93 

NMR tubes, using acetone-d6 as the solvent. The specific optical rotations were determined in 94 

methanol at 20 °C on a JASCO P-2000 polarimeter using the sodium emission wavelength (λ 95 

= 589 nm). The centrifugal partition chromatography (CPC) used in this study (FCPC200®) 96 

was provided by Kromaton Technologies (Sainte-Gemmes-sur-Loire, France). The solvents 97 

were pumped by a Gilson 321-H1 2-way binary high-pressure gradient pump. The samples 98 

were introduced into the CPC column via a high pressure injection valve (3725i-038 Rheodyne) 99 

equipped with a 20 mL sample loop. The CPC fractions were monitored with a Varian Prostar 100 

325 DAD detector (Victoria, Australia), at wavelengths of 306 and 280 nm. HPLC preparative 101 

separations were carried out using a Gilson PLC 2050 Purification System equipped with a 102 

binary pump, a UV-VIS Detector, a fraction Collector, and a Phenomenex Kinetex XB-C18 103 

AXIA column (5 µm, 150 x 21.2 mm). The mobile phase was composed of two solvents: (A) 104 

0.025% TFA in H2O and (B) MeCN. The preparative enantioseparations were perfomed using 105 

the same HPLC system as above equipped with a Phenomenex Lux Amylose-1 (5 µm, 150 x 106 

10 mm) chiral column. The mobile phase consisted of n-Hexane/2-Propanol (85/15, v/v) 107 

acidified with 0.01% TFA. 108 

2.2. Plant Material.  109 

Grapevine stalks (Merlot) were collected in the “Château Rochemorin” vineyard in the 110 

region of Bordeaux (44°43’17’’N, - 0°33’45’’W, Martillac, France) in January 2017. They were 111 
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obtained from Riparia Gloire de Montpellier rootstocks which were planted in 1985. Stalks 112 

specimens were deposited in the Molécules d’Intérêt Biologique (MIB) laboratory at ISVV 113 

(Villenave d’Ornon, France). Grapevine stalks of three other grape varieties (Cabernet 114 

Sauvignon, Sauvignon Blanc, and Merlot) were collected in the “Domaine Haut Dambert” 115 

vineyard in the region of Bordeaux (44°38’58’’N, - 0°10’48’’W, Gornac, France) in January 116 

2015. The accession numbers are listed in Table 1. 117 

Table 1. Cultivar/rootstock combinations, deposit number, and origins 118 

Cultivar rootstock Deposit number Origin (city, region, country) 

Merlot 101-14 MIB_M-2017 Martillac (region of Bordeaux, France) 

Carbernet Sauvignon 101-14 MIB_CS-TB Gornac (region of Bordeaux, France) 

Merlot 420A MIB_M-TB Gornac (region of Bordeaux, France) 

Sauvignon Blanc 101-14 MIB_SB-TB Gornac (region of Bordeaux, France) 

 119 

2.3. Extraction and Isolation.  120 

Dried and finely powdered stalks of Vitis vinifera (100 g) were defatted with petroleum 121 

(1 L) using soxhlet extractor, extracted with 60% aqueous acetone (1 L, 2 times) at room 122 

temperature and filtered. This aqueous acetone extract was evaporated under reduced pressure. 123 

The filtrate was concentrated at 35°C under reduced pressure. Aqueous residue (200 mL) was 124 

partitioned with EtOAc (4 x 200 mL). The organic extract was concentrated and freeze-dried 125 

to yield 3 g. 126 

1 g of the organic extract was subjected to the centrifugal partition chromatography (CPC) 127 

using the quaternary biphasic Arizona-K system n-Heptane/EtOAc/MeOH/Water (1:2:1:2, 128 

v/v). The CPC rotor was entirely filled with the aqueous stationary phase in the descending 129 

mode at 500 rpm. After injection of the organic extract, dissolved in 8 mL of the 130 

organic/aqueous phase mixture (1:1, v/v), the aqueous mobile phase was pumped into the 131 
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column in descending mode at a flow-rate of 3 mL/min. Then the rotation speed was increased 132 

from 500 to 1200 rpm. The back pressure was 25 bars. The content of the outgoing organic 133 

phase was monitored by online UV absorbance measurement at 280 and 306 nm. Six fractions 134 

were collected (Supplementary material Figure S1). E--viniferin and E--viniferin, obtained 135 

as a white solid were purified from the fraction 6 (200 mg) by preparative HPLC with elution 136 

program: 17% B (0-1.12 min), 17-30% B (1.12 -13.12 min), 30-38% B (13.12-22.12 min), 38-137 

100% B (22.12-27 min), 100% (27-30 min). 138 

The enantiomeric excess of the two enantiomers of E--viniferin, 1, extracted from 139 

Cabernet Sauvignon, Merlot and Sauvignon Blanc grape varieties was measured by analytical 140 

chiral HPLC. The mixture of enantiomers of each compound was solubilized in mobile phase 141 

and filtered on PTFE 0.45 μm. The two enantiomers of 1 were separated using a chiral HPLC 142 

column (Chiralpak IF, 250 × 4.6 mm). The mobile phase consisted of n-Hexane/2-Propanol 143 

(90/10, v/v) acidified with 0.001 % TFA. Isocratic elution was performed at a flow-rate of 2 144 

mL/min. It was observed that the ()-enantiomer of 1 was first eluted at 17.2 min, followed by 145 

the (+)-enantiomer at 30.8 min (Supplementary material Figure S2). 146 

To obtain the two enantiomers of 1 and 2 in fair quantities, a preparative Phenomenex 147 

Lux Amylose-1 (150 × 10 mm, eluent: n-Hexane/2-Propanol 85/15 acidified with 0.01 % TFA, 148 

5 mL/min) was used. For 1, the first enantiomer (1a) was collected at 21 min and the second 149 

one (1b) at 30 min, whereas for 2, the first enantiomer (2a) was eluted at 17 min and the second 150 

one (2b) at 30 min (Supplementary material Figure S3). 151 

2.4. ECD measurements.  152 

ECD spectra of compounds 1 and 2 were recorded in EtOH at 20 °C with a 0.2 cm path 153 

length quartz cell. The concentration of the two compounds was taken in the range 1. 10-4 – 1.5 154 

10-4 M. Spectra were recorded in the 210 – 400 nm wavelength range with a 0.5 nm increment 155 

and a 1s integration time. Spectra were processed with standard spectrometer software, baseline 156 
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corrected and slightly smoothed by using a third order least square polynomial fit. Spectral units 157 

were expressed in difference of molar extinction coefficients (Δε in L/mol/cm). 158 

2.5. VCD measurements.  159 

IR and VCD spectra were recorded with a ThermoNicolet Nexus 670 FTIR spectrometer 160 

equipped with a VCD optical bench (Buffeteau et al., 2005). In this optical bench, the light 161 

beam was focused by a BaF2 lens (191 mm focal length) to the sample, passing an optical filter, 162 

a BaF2 wire grid polarizer (Specac), and a ZnSe photoelastic modulator (Hinds Instruments, 163 

Type II/ZS50). The light was then focused by a ZnSe lens (38.1 mm focal length) onto a 1x1 164 

mm2 HgCdTe (ThermoNicolet, MCTA* E6032) detector. IR and VCD spectra were recorded 165 

at a resolution of 4 cm-1, by coadding 50 scans and 36000 scans (12h acquisition time), 166 

respectively. The sample was held in a fixed path length (100 m) cell with BaF2 windows. IR 167 

and VCD spectra of the two enantiomers E--viniferin 1 and E--viniferin 2 were measured in 168 

DMSO-d6 at a concentration of 40 mM. Baseline correction of the VCD spectrum was 169 

performed by subtracting the two enantiomer VCD spectra of 1 and 2 (recorded under the same 170 

experimental concentration), with division by two. In all experiments, the photoelastic 171 

modulator was adjusted for a maximum efficiency at 1400 cm-1. Calculations were done with 172 

the standard ThermoNicolet software, using Happ and Genzel apodization, de-Haseth phase-173 

correction and a zero-filling factor of one. Calibration spectra were recorded using a 174 

birefringent plate (CdSe) and a second BaF2 wire grid polarizer, following the experimental 175 

procedure previously published (Nafie & Vidrine, 1982). Finally, in the presented IR spectra, 176 

the solvent absorption was subtracted out. 177 

2.6. DFT calculations.  178 

All DFT calculations were carried out with Gaussian 09 (Frisch et al., 2009). The 179 

calculation of the IR and VCD spectra began by a conformational analysis of (7aS,8aS)- and 180 

(7aR,8aS)-viniferin (1a and 2b), considering a trans conformation of the C=C bond. 181 
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Preliminary conformer distribution search of 1a and 2b was performed at the molecular 182 

mechanics level of theory, employing MMFF94 force fields incorporated in ComputeVOA 183 

software package. 290 conformers of 1a (305 conformers for 2b) were found within roughly 4 184 

kcal/mol of the lowest energy conformer. Their geometries were optimized at the DFT level 185 

using B3LYP functional and 6-31G** basis set, leading to 74 (1a) and 61 (2b) different 186 

conformers within an energetic window of 3.25 (1a) and 2.87 (2b) kcal/mol. Finally, only the 187 

twenty four (1a) and twenty five (1b) lowest energetic geometries were kept, corresponding to 188 

Boltzmann population higher than 1%. Vibrational frequencies, IR and VCD intensities were 189 

calculated at the same level of theory. The spectra were calculated for the isolated molecule in 190 

vacuo. For comparison to experiment, the calculated frequencies were scaled by 0.968 and the 191 

calculated intensities were converted to Lorentzian bands with a full-width at half-maximum 192 

(FWHM) of 7 cm-1. 193 

2.7. Macrophages cell culture.  194 

RAW 264.7 cells were obtained from the American Type Culture Collection (ATCC). 195 

They were cultured in 75 cm2 flasks containing 20 mL of DMEM supplemented with 10% of 196 

FBS. Cells were maintained in a humidified incubator at 37°C and 5% of CO2. In order to 197 

perform the experiments, every 3 days cells were detached by scrapping and sub-cultured in 96 198 

transparent (for cytotoxicity and NO measurements) or black (ROS measurement) well plates 199 

with the same culture medium (200 µL) supplemented with 4 mM of glutamine at a density of 200 

40,000 cells per well. 201 

2.8. MTT assay.  202 

The cytotoxicity of stereoisomers of viniferin (1a, 1b, 2a and 2b) was carried out by using 203 

MTT that allows to measure the cellular metabolic activity of cells. After 24 hours of incubation 204 

in 96 well plates, cells were incubated with different concentrations of the four stereoisomers 205 

(0.5 to 100 µM) of viniferin (1a, 1b, 2a and 2b). After 24 hours of treatment, cells were 206 
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incubated with 0.5 mg/mL of MTT during 3 hours at 37°C and 5% of CO2. Finally, the blue 207 

formazan crystals formed at the well bottom were dissolved with 100 µL of DMSO and, 30 208 

minutes after, the absorbance was measured with a microplate reader (FLUOstar Optima, BMG 209 

Labtech) set at 595 nm. 210 

2.9. Measurement of NO production.  211 

In order to evaluate the anti-inflammatory potential of the stereoisomers of viniferin (1a, 212 

1b, 2a and 2b), RAW 264.7 cells were incubated during 24 hours with all compounds at 213 

different non-cytotoxic concentrations (0.5, 1, 2.5, 5 and 10 µM) in the presence or absence of 214 

LPS (inflammatory triggering agent) in RPMI medium. Then, 70 µL of supernatant were mixed 215 

with 70 µL of Griess reagent and after an incubation of 15 minutes at room temperature, the 216 

absorbance was measured at 540 nm by using a microplate reader (FLUOstar Optima, BMG 217 

Labtech). NO concentration by using a calibration standard curve of sodium nitrite (0-100 µM). 218 

2.10. Intracellular ROS measurement.  219 

The intracellular generation of ROS in cells was analyzed using the fluorometric probe 220 

DCFH2-DA. After treatment with the stereoisomers of viniferin (1a, 1b, 2a and 2b) at different 221 

concentrations (0.5, 1, 2.5, 5 and 10 µM) during 24 hours in 96 black well plates, cells were 222 

washed and 5 mM of DCFH2-DA diluted in PBS was added. After 30 minutes of incubation in 223 

the darkness at 37°C and 5% of CO2, the fluorescence intensity was measured using a 224 

microplate reader (FLUOstar Optima, BMG Labtech) set at 485 nm (excitation wavelength) 225 

and 520 nm (emission wavelength). 226 

2.11. Statistical Analysis.  227 

Data were subjected to one-way ANOVA followed by a Tukey’s test (p < 0.05) with 228 

Microsoft Excel® XLSTAT (Version 1.1.463) to explore significant differences for cell 229 

viability, NO and ROS measurements.  230 

 231 
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3. Results and Discussion 232 

3.1. Isolation of viniferin dimers and chiroptical properties in grape varieties 233 

100 g of dry fine powder of Vitis vinifera cv. Merlot stalks, previously defatted with 234 

petroleum ether, was extracted two times with 60% aqueous acetone at room temperature. The 235 

extract was then filtered and the filtrate was concentrated in vacuo. The aqueous phase was 236 

further partitioned between EtOAc and water. The organic extract was separated by 237 

combination of centrifugal partition chromatography (Supplementary material Figure S1) and 238 

preparative RP-18 HPLC to obtain E--viniferin with [𝛼]589
20  = +10.4° (c 0.2, MeOH) and E--239 

viniferin with [𝛼]589
20  = -103° (c 0.15, MeOH). In addition, the E--viniferin was purified from 240 

three different grape varieties (Cabernet Sauvignon, Merlot, and Sauvignon Blanc). The 241 

specific optical rotation values of E--viniferin varied between -12 and +46° (Supplementary 242 

material Table S1), indicating that E--viniferin is not enantiopure. This could be related to the 243 

fact that the enantiomeric ratio of E--viniferin could be different due to the grape varieties. For 244 

example, Cabernet Sauvignon variety gives the dextrorotatory form of E--viniferin whereas 245 

the Merlot variety gives preferentially the levorotatory form. On the other hand, Sauvignon 246 

Blanc exhibits a lower value of specific rotation that probably means the presence of rather 247 

racemic mixture (Supplementary material Table S1). These values are in agreement with 248 

those reported in the literature from V. vinifera (Vitaceae) and others plant families, as shown 249 

in Table 2. The proportion of the two enantiomers of E--viniferin and the enantiomeric excess 250 

(ee) for the three grape varieties are given in Supplementary material Table S2. The 251 

enantiomeric excess (ee) extracted from Cabernet Sauvignon, Merlot and Sauvignon Blanc 252 

grape varieties was measured by analytical chiral HPLC (Supplementary material Figure S2). 253 

Table 2. Optical rotation values of E--viniferin measured in this study and found in the 254 

literature. 255 

Species Family [𝜶]𝟓𝟖𝟗
𝟐𝟎  Conditions Reference 
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Vitis vinifera 

cv. Merlot 

Vitaceae +10.4° 0.13, MeOH This study 

Vitis vinifera 

cv. Cabernet Sauvignon 

Vitaceae +46.4° 0.064, MeOH This study 

Vitis vinifera 

cv. Merlot 

Vitaceae -12.1° 0.07, MeOH This study 

Vitis vinifera 

cv. Sauvignon Blanc 

Vitaceae +5.9° 0.083, MeOH This study 

Vitis amurensis Vitaceae +41° 0.13, MeOH (Pawlus et al., 2013) 

Vitis vinifera Vitaceae +34° 0.32, MeOH (Mattivi et al., 2011) 

Vitis heyneana Vitaceae +39° 0.40, MeOH (Li et al., 1996) 

Vitis chunganensis Vitaceae +32° 0.27, MeOH (He et al., 2009) 

Carex pumila Cyperaceae -27,9° 0.843, MeOH (Kurihara et al., 1990) 

Carex kobomugi Cyperaceae -46° 0.5, MeOH (Kurihara et al., 1991) 

Rhubarb Polygonaceae -47° 0.5, MeOH (Ngoc et al., 2008) 

Paeonia lactiflora Paeoniaceae +59° 0.2, MeOH (Yuk et al., 2013) 

 256 

3.2. Absolute configuration of viniferin stereoisomers using NMR, VCD and ECD 257 

According to the above observations, E--viniferin (mixture of enantiomers) was then 258 

purified by chiral HPLC to separate the two enantiomers (Supplementary material Figure S3). 259 

The first eluted compound showed a specific optical rotation value [𝛼]589
20  = -43.4° (c 0.06, 260 

MeOH) whereas a value [𝛼]589
20  = +46° (c 0.06, MeOH) was measured for the second eluted 261 

compound. Accordingly, we have shown that E--viniferin was also a mixture of enantiomers 262 

and it was purified by chiral HPLC as mentioned above to yield [𝛼]589
20  = +107° (c 0.07, MeOH) 263 

for the first eluted compound and [𝛼]589
20  = -155° (c 0.14, MeOH) for the second eluted 264 

compound. The NMR data (1H and 13C) of E-- and E--viniferin were found to be similar to 265 

those previously obtained in our laboratory and in literature (Supplementary material Table 266 

S3, Figures S4 and S6) (Pawlus et al., 2013; Mattivi et al., 2011). The relative configuration 267 
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was established by ROESY. For E--viniferin, the absence of NOE correlation between protons 268 

H7a/H8a (Supplementary material Figure S5) indicated that these protons were trans-269 

orientated whereas for E--viniferin, the cross peak between H7a/H8a (Supplementary 270 

material Figure S7), indicated these protons were cofacial (cis-orientation). In addition, the IR 271 

spectra of E-- and E--viniferin allow the discrimination of the two diastereoisomers, using 272 

the intensity of the band at 1148 cm-1. Indeed, the E--viniferin compound exhibits a high 273 

intensity for this band, whereas the 1148 cm-1 band is weak for the E--viniferin compound 274 

(Supplementary material Figure S8). 275 

The absolute configurations of the chiral centers (C7a and C8a) of E--viniferin and E-276 

-viniferin were deduced in the same manner as for the two enantiomers of ()-E-gnetin C 277 

(Buffeteau et al., 2014), using vibrational circular dichroism (VCD) associated with theoretical 278 

calculations. VCD spectra of the two enantiomers of compounds 1 and 2 were recorded in 279 

DMSO-d6 at a concentration of 40 mM and the raw and baseline corrected VCD spectra are 280 

reported in Supplementary material Figures S9 and S10. For each compound, opposite VCD 281 

spectra were measured for the two enantiomers, as expected for enantiopure compounds. 282 

The theoretical calculations began by a conformational analysis of (7aS,8aS)-E--283 

viniferin (1a) and (7aR,8aS)-E--viniferin (2b). Preliminary conformer distribution search of 284 

1a and 2b was performed at the molecular mechanics level of theory, employing MMFF94 285 

force fields incorporated in ComputeVOA software package. 290 conformers of 1a (305 286 

conformers for 2b) were found within roughly 4 kcal/mol of the lowest energy conformer. Their 287 

geometries were optimized at the DFT level using B3LYP functional and 6-31G** basis set, 288 

leading to 74 (1a) and 61 (2b) different conformers within an energetic window of 3.25 (1a) 289 

and 2.87 (2b) kcal/mol. Finally, only the twenty four (1a) and twenty five (1b) lowest energetic 290 

geometries were kept, corresponding to Boltzmann population higher than 1%. Calculations 291 

were performed for the isolated molecule in vacuo. Harmonic vibrational frequencies were 292 
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calculated at the same level to confirm that all structures were stable conformations and to 293 

enable free energies to be calculated. The predicted VCD spectra, taking into account the 294 

relative populations of (7aS,8aS)-E--viniferin and (7aR,8aS)-E--viniferin, were compared to 295 

the experimental VCD spectra of the second eluted compound of 1 and 2 in Figure 2. The 296 

predicted VCD spectra of (7aS,8aS)-E--viniferin and (7aR,8aS)-E--viniferin reproduced 297 

fairly well the intensity and the sign of most bands observed in the experimental VCD spectra, 298 

allowing the definitive determination of the 8aS configuration of the beta stereogenic carbon of 299 

the benzofuran group. The determination of the configuration of the alpha stereogenic carbon 300 

was less obvious from VCD data, even though a better agreement between theoretical and 301 

experimental spectra in the 1550-1400 cm-1 spectral range was obtained with the 7aS 302 

configuration for the second eluted compound of 1 and with the 7aR configuration for the 303 

second eluted compound of 2. The 7aS configuration of the alpha stereogenic carbon of 304 

benzofuran group for the second eluted compound of 1 was confirmed by the absence of a cross-305 

peak between the protons H7a (=5.41 ppm) and H8a (=4.47 ppm) in the ROESY spectrum 306 

(Supplementary material Figure S5), indicating the opposite orientation of these two protons. 307 

Similarly, the 7aR configuration of the alpha stereogenic carbon of benzofuran group for the 308 

second eluted compound of 2 was confirmed by the presence of a cross-peak between the 309 

protons H7a (=5.86 ppm) and H8a (=4.70 ppm) in the ROESY spectrum (Supplementary 310 

material Figure S7), indicating the cofacial orientation of these two protons. Thus, this VCD 311 

analysis, associated with NMR results, unambiguously established the (+)-(7aS,8aS) 312 

configuration for E--viniferin and the (+)-(7aR,8aS) configuration for E--viniferin. This 313 

result confirm the first proposition of the absolute configuration, ()-(7aR,8aR), for E--314 

viniferin isolated from Carex pumila (Cyperaceae) by Kurihara et al. (1990).  315 

 The experimental VCD spectra measured for E--viniferin extracted from different 316 

grape varieties are compared in Figure 3 with the VCD spectrum of the enantiopure second 317 
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eluted compound purified by chiral HPLC. The VCD spectrum of E--viniferin extracted from 318 

Cabernet Sauvignon stalks is quasi identical to the VCD spectrum of the enantiopure 319 

compound, revealing that this grape variety allows the extraction of E--viniferin with an 320 

enantiomeric excess close to 1. Chiral HPLC measurements on this compound revealed an 321 

enantiomeric excess of 98.34% (Supplementary material Table S2). This feature is very 322 

interesting since the enantiopure (+)-(7aS,8aS)-E--viniferin compound can be obtained 323 

directly by extraction from Cabernet Sauvignon. The VCD spectrum of E--viniferin extracted 324 

from Merlot is opposite with an intensity divided by almost 4, as expected by the enantiomeric 325 

excess measured by chiral HPLC (ca. 23.32%). Finally, the VCD spectrum of E--viniferin 326 

extracted from Sauvignon Blanc exhibits a very weak intensity, with the same sign than the one 327 

of Cabernet Sauvignon, as expected by chiral HPLC measurements. 328 

As electronic circular dichroism (ECD) experiments are currently used in the structural 329 

studies of stilbenes, ECD spectra of the second eluted compound of 1 and 2 are reported in 330 

Supplementary material Figures S11 and S12, respectively. The ECD spectrum of (+)-E--331 

viniferin exhibits a positive band at 236 nm (+22.7) and a broad negative band around 300 nm 332 

(-3.8), in agreement with the ECD spectrum reported in the literature (Ito et al., 2009). The ECD 333 

spectrum of (+)-E--viniferin is slightly different, with a positive band at 227.5 nm (+17), a 334 

negative band at 250 nm (-3.3) and a broad negative band around 310 nm (-7). 335 

3.3. Antioxidant and anti-inflammatory activities of viniferin stereosimers in LPS-stimulated 336 

macrophages 337 

The four stereoisomers of viniferin (1a, 1b, 2a and 2b) were evaluated for their anti-338 

inflammatory and anti-oxidant activities in LPS-stimulated macrophages. Firstly, the MTT 339 

assay was performed in order to evaluate the cytotoxicity of all stereoisomers. Thus, cells were 340 

treated with different concentrations of viniferin 1a, 1b, 2a and 2b (0.5-100 µM) during 24 341 

hours. Figure 4a displays the cell viability expressed as percentage relative to the non-treated 342 
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cells. As expected, the LPS did not affect the cell viability. Concerning viniferin stereoisomers, 343 

it can be observed that at low concentrations, between 0.5 to 10 µM, the metabolic activity of 344 

cells was not affected. However, from 25 µM, all compounds presented a significant cytotoxic 345 

effect, by killing between 40-70% of cells (Figure 4a). It can be also observed that compound 346 

2a presents a more slight toxic effect at 25 µM comparing with the others compounds at the 347 

same concentrations. No significant differences were observed between all stereoisomers at the 348 

highest concentrations (50-100 µM). Based on these results, the concentrations ranging between 349 

0.5 to 10 µM were selected to further evaluate the potential effect of viniferin stereoisomers to 350 

diminish the nitric oxide (NO) and reactive oxygen species (ROS) production. 351 

RAW 264.7 cells were activated with LPS (0.1 µg/mL) in the presence of the four 352 

stereoisomers of viniferin at 0.5, 1, 2.5, 5 and 10 µM during 24 hours. Afterwards, the NO2 in 353 

culture media were measured by the Griess reaction. The NO content (µM) of cells treated with 354 

only LPS (positive control) increased more than tenfold (26.9 µM) in comparison with the 355 

negative control (2.4 µM) (cells without LPS treatment) (Figure 4b). A significant diminution 356 

of NO was observed at all concentrations of 1a and 1b. However, this effect is significant for 357 

2a and 2b only from 2.5 µM. Regarding differences between compounds, at the highest 358 

concentration tested (10 µM) it can be seen a more potent effect of 1a with a diminution of 60% 359 

of NO production while for 1b this decrease is 41%. By contrast, at this concentration the 2a 360 

and 2b exhibited the same effect (52 and 55%, respectively) (Figure 4b). 361 

In addition, the intracellular ROS production induced by LPS was investigated by using 362 

the fluorometric probe DCFH2-DA, which permits the detection and quantification of ROS. The 363 

results show that 1a is significantly the most active stereoisomer diminishing the intracellular 364 

ROS from the lowest concentration and reaching a reduction of 63% comparing with LPS alone. 365 

We can also observe differences between 2a and 2b, being this last significantly more anti-366 
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oxidant, and diminishing the ROS production on 48% while only a 21% was observed for 2a 367 

in comparison with control (Figure 4c).  368 

Based on these results it can be concluded that viniferin stereoisomers possess in vitro 369 

anti-inflammatory and anti-oxidant properties in macrophages cells and that their activity varies 370 

according to their spatial configuration. Apart from resveratrol, other oligomeric stilbenes, as 371 

different viniferins, are showing promising results as anti-inflammatory, anti-oxidant, 372 

neuroprotective, anti-obesity, anticancer agents (Nassra et al., 2013; Ohara et al., 2015; Ficarra 373 

et al., 2016; Caillaud et al., 2019; Nivelle et al., 2018; Vion et al., 2018; Sergi et al., 2021). 374 

Our results demonstrate that the four stereoisomers are toxic from 10 µM concentration 375 

in RAW 264.7 cells. The same observation has been described for viniferin compounds in the 376 

same cellular model (Ha et al., 2018), but also in other cellular models as BV2 or Caco-2 cells 377 

(Nassra et al., 2013; Medrano-Padial et al., 2020). 378 

Concerning anti-inflammatory properties, Nassra and co-workers showed that viniferins 379 

(E-δ-viniferin, E-ε-viniferin and E-ω-viniferin present very similar inhibitory capacity to reduce 380 

LPS-induced NO production in BV2 microglial cells. They showed that E-ε-viniferin is the 381 

most active compound (IC50: 8.6) presenting even better results that E-resveratrol (IC50: 13.1) 382 

(Nassra et al., 2013). Additionally, other more recent published article has demonstrated that 383 

E-ε-viniferin, also at low concentrations, is able to counteract the inflammation induced by 384 

LPS-activated microglia in N9 cells (Sergi et al., 2021). Only one recent article has 385 

demonstrated in our same cellular model (RAW 264.7 macrophage cells) that E-ε-viniferin 386 

decreased NO, PGE2, iNOS, and COX-2 productions after LPS stimulation and that this activity 387 

is may be mediated by the NF-κB activation (Ha et al., 2018). The present findings demonstrate 388 

for the first time that viniferin stereoisomers possess anti-inflammatory and anti-oxidant 389 

activities. Moreover and even thought their structures are quite similar, this paper proved that 390 

these bioactivities are different according to their configuration. 391 
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4. Conclusion 392 

In summary, this work demonstrated for the first time the presence of four stereoisomers 393 

of viniferin stilbene (7aS,8aS)-E--viniferin, (7aR,8aR)-E--viniferin, (7aS,8aR)-E--viniferin, 394 

and (7aR,8aS)-E--viniferin in grapevine branches. The absolute configurations were clearly 395 

established by vibrational circular dichroism (VCD) spectroscopy in combination with density 396 

functional theory (DFT) calculations. Moreover, the anti-inflammatory and anti-oxidant 397 

activities of the four identified viniferin stereoisomers revealed that viniferin stereoisomers 398 

possess different bioactivities according to their configuration. In addition, for the first time, 399 

the two enantiomers of E--viniferin in grapevine are present and the enantiomeric excess are 400 

grape variety-dependent. Overall, the present study extends our knowledge of absolute 401 

stereochemistry of viniferin dimers present in grapevine and paves the way for further 402 

investigation related to their structure-activity relationship. 403 
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FIGURES CAPTIONS 

 

Figure 1. Chemical structures of viniferins (only the 1a and 2a compounds are reported). 

Figure 2. Comparison of experimental VCD spectra for the second eluted compound of 1 and 

2 recorded in DMSO-d6 solution (40 mM, 100 µm path length) with the predicted spectra of 

(7aS,8aS)-E--viniferin and (7aR,8aS)-E--viniferin. 

Figure 3. Comparison of experimental VCD spectra for the second eluted compound of 1 

recorded in DMSO-d6 solution (40 mM, 100 µm path length) with the VCD spectra of E--

viniferin extracted from different grape varieties. 

Figure 4. (A) Cell viability (%) (B) NO (µM) (C) ROS (fluorescence intensity) in LPS-

stimulated RAW 264.7 cells. Cells were treated for 24 hours with LPS (0.1 μg/mL; + control) 

or LPS with 1a, 1b, 2a and 2b at different concentrations (from 0.5-100 µM for cell viability 

and between 0.5-10 µM for NO and ROS measurements). Results are expressed as mean SEM 

of eight replicates (n=8). Different letters mean significant differences (p<0.5). 
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Figure 2.  
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Figure 3.  
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Figure 4.  
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Table S1. Origin of the plants used in this study, the deposit number of a representative sample 

and optical rotation values. 

 

Vitis vinifera variety Deposit number Origina Optical rotation 

Merlot MIB_CS2017 Martillac 41° 

Cabernet Sauvignon MIB_CS-TB Gornac 46.4° 

Merlot MIB_M-TB Gornac -12.1° 

Sauvignon Blanc MIB_SB-TB Gornac 5.9° 

aDomaine Haut Dambert, Gornac, France (cadastral number: ZH0099 for Cabernet Sauvignon and 

Merlot and ZH0054 for Sauvignon Blanc). Cabernet Sauvignon and Sauvignon Blanc were planted on 

a rootstock 101-14 whereas Merlot was planted on a rootstock 420A.  

 

 

 

Table S2. Proportions of the two enantiomers of E-ε-viniferin and the enantiomeric excess 

(ee) for the three grape varieties. 

 

Vitis vinifera variety % enantiomer 1 % enantiomer 2 ee (%) 

Cabernet Sauvignon 0.83 99.17 98.34 

Merlot 61.66 38.34 23.32 

Sauvignon Blanc 40.87 59.13 18.26 
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Table S3. NMR data of E-ε-viniferin (1) and E-ω-viniferin (2) in acetone-d6 at 293°K 

 E-ε-viniferin (1) E-ω-viniferin (2) 

position δC δH (J in Hz) δC δH (J in Hz) 

1a 133, C  135.7, C  

2a/6a 128.2, CH 7.17 d(8.6) 128.1, CH 7.02 d(8.4) 

3a/5a 115.5, CH 6.72 d(8.6) 115.5, CH 6.61 d(8.4) 

4a 157.3, C  157.4, C  

7a 93, CH 5.41 d(5.4) 89.5, CH 5.86 d(8.1) 

8a 56.2, CH 4.47 d(5.4) 51.9, CH 4.70 d(8.1) 

9a 146.7 C  142.5 C  

10a/14a 106.2, CH 6.23 brd 107.6, CH 5.80 d(2.2) 

11a/13a 159.04, C  157.9, C  

12a 101.22, 

CH 

6.23 brd 100.7, CH 5.96 t(2.2) 

1b 133, C  135.5, C  

2b/6b 127.1, CH 7.19 d(8.6) 127.1, CH 7.23 d(8.7) 

3b/5b 115.2, CH 6.82 d(8.6) 115.2, CH 6.75 d(8.7) 

4b 157.3, C  156.4, C  

7b 129.2, CH 6.90 d(16.3) 129.4, CH 6.95 d(16.3) 

8b 122.5 6.70 d(16.3) 122.6 6.76 d(16.3) 

9b 135.5, C  135.4, C  

10b 118.9, C  121, C  

11b 161.5, C  161.4, C  

12b 95.9, CH 6.31 d(2.1) 96.3, CH 6.36 d(2.2) 

13b 158.7, C  158.7, C  

14b 103.2 6.71 brd 103.2 6.72 d(2.2) 
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Figure S1. CPC chromatogram of the organic extract of stalks of Vitis vinifera. Experimental 

conditions: rotation speed, 1200 rpm/min solvent system; Arizona-K system n-

Heptane/EtOAc/MeOH/Water (1:2:1:2, v/v), in descending mode at a flow-rate of 3 mL/min. 
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Figure S2. Chromatograms of analytical chiral HPLC for separation of E--viniferin for the 

Cabernet Sauvignon (a), Merlot (b) and Sauvignon Blanc (c) grape varieties. 
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Figure S3. Chromatograms of chiral HPLC for separation of E-ε-viniferin enantiomers (A) and 

E-ω-viniferin enantiomers (B) from Merlot stalks. Experimental conditions: preparative 

Phenomenex Lux Amylose-1 column (150 × 10 mm); eluent: n-Hexane/2-Propanol 85/15 

acidified with 0.01 % TFA; isocratic elution at flow-rate 5 mL/min; detection (UV 280 nm). 

 

 

 

 



S8 

 

 

Figure S4. 1H NMR spectrum of E-ε-viniferin in acetone-d6 at 293°K. 

 

 

Figure S5. 1H-1H-ROESY NMR spectrum of E-ε-viniferin in acetone-d6 at 293°K.  
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Figure S6. 1H NMR spectrum of E-ω-viniferin in acetone-d6 at 293°K. 

 

Figure S7. 1H-1H-ROESY NMR spectrum of E-ω-viniferin in acetone-d6 at 293°K. 
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Figure S8. IR spectra of E-ε-viniferin (black) and E--viniferin (red) in DMSO-d6 at 293°K. 

 



S11 

 

 

-0.02

-0.01

0.00

0.01

0.02

0.03

0.04

1100120013001400150016001700

(+)--viniferin : second eluted

()--viniferin : first eluted



Wavenumbers, cm
-1

 

 

-0.03

-0.02

-0.01

0.00

0.01

0.02

0.03

0.04

1100120013001400150016001700

(+)--viniferin : second eluted

()--viniferin : first eluted




Wavenumbers, cm
-1

 

Figure S9. Raw (top) and baseline corrected (bottom) VCD spectra of the two eluted 

compounds of E-ε-viniferin in DMSO-d6 at 293°K. 
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Figure S10. Raw (top) and baseline corrected (bottom) VCD spectra of the two eluted 

compounds of E-ω-viniferin in DMSO-d6 at 293°K. 
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Figure S11. ECD spectrum of the second eluted compound of E-ε-viniferin in MeOH at 293°K. 
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Figure S12. ECD spectrum of the second eluted compound of E-ω-viniferin in MeOH at 

293°K. 
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Reviewer: 1 

 

In this study the authors extracted, purified and unambiguously identified four stereoisomers of 

viniferin from grapevine stalks. They further assessed the antioxidant and anti-inflammatory 

activities using cell models and found the activities depended on the configuration of the 

stereoisomers. The findings are important because as the mechanisms of these bioactivities become 

better understood, the stereospecificity of these bioactive components also becomes critically 

important for future research and applications. 

The paper was generally acceptable. The experiments were conducted properly, and the data were 

collected and analyzed correctly. However, I have a few comments before it can be accepted. 

 

1. The authors should provide quantitative data for the purified stereoisomers in addition to the 3 g 

crude extract/100 g grapevine stalks (Section 2.3) 

 

Author reply: As suggested by reviewer 1, we have provided quantitative data of stilbene content 

and purified stereoisomers for the three grape varieties. 

 

2. Additional information and discussion should be provided in terms of how to acquire large 

amount of pure stereoisomers of viniferin for future research e.g. in vivo experiment 

 

Author reply: The amount of pure stereoisomers of viniferin is very dependent on the investigated 

plant material. For grapevine, E-- and E--viniferins can be extracted from grape berries, leaves, 

stalks and roots with different efficiencies. We have chosen their extraction from stalks of grapevine 

because the amount (0.1 – 0.5 % of dried weight) is one hundred higher than the one obtained by 

extraction from grape berries. This information has been added in the introduction. 

 

3. Tables should be listed separately from the main text. 

 

Author reply: Tables can be placed either next to the relevant text in the article, or on separate page 

at the end (Guide for authors, Food Chemistry). 

 

4. Spell out ECD for first mention in the text (pg 7, ln 153) 

 

Author reply: This modification has been made. 

 

5. No Arabic numbers to start a sentence (pg 6, ln 127; pg. 11, ln 234) 

 

Author reply: These modifications have been made. 

 

6. Concentration of LPS should be pointed out first in the methods section (move related content on 

ln 352 to pg 10, Ln 215) 

 

Author reply: This information has been mentioned in the manuscript (line 227). 

  

7. The manuscript needs some English improvement (abstract: allows to extract…; pg 4, ln 64, non 

data…; pg 4, ln 85: in view to… etc) 

  

Author reply: These modifications have been made. Moreover, our manuscript has been proofread 

by a native English speaker. 

 



 

 

Reviewer: 2 

 

The manuscript deals with elucidating the chemical structures of the enantiomers of two stilbene 

dimers present in grapevine stalks. Although the work is well-structured, in my opinion, it is out of 

the scope of the Food Chemistry Journal. No relation with foods is reported; the four stereoisomers 

are isolated from a non-food part of the grapevine; moreover, some biological properties are studied 

for these compounds but it is not demonstrated their relevance to food or food chemistry. 

I think that this manuscript should be submitted to other journals dealing with organic or medicinal 

chemistry. 

 

Author reply: The determination of stereochemistry and enantiomeric excess in chiral natural 

molecules is a research of great interest in food chemistry. Indeed, the two enantiomers of a chiral 

natural molecule could interact in different ways with receptors, transport systems and enzymes, 

leading to diverse effects such as dissimilar taste or aroma, or different biological activities. 

Viniferin stilbene dimers are natural molecules present in food (grape berries) and beverage (wine) 

but also, in larger amount, in stalks of grapevine. We have chosen the extraction of E-- and E--

viniferins from stalks of grapevine because the amount (0.1 – 0.5 % of dried weight) is one hundred 

higher than the one obtained by extraction from grape berries. We have mentioned this point in the 

introduction to show the relation of viniferin stilbene dimers and food. 

 

 

Editor comments 

 

Highlights should showcase your results without the need to read the manuscript first and must have 

context and interest for readers; they must focus on the outcomes of your work.  

- Viniferins were isolated from vine stalks using a combination of CPC and Prep. HPLC 

- Enantiomers of E--viniferins and E--viniferins were purified by chiral HPLC 

- Stereochemistry was investigated by NMR and VCD associated to DFT calculations 

What you did rather than what you found. 

 - Enantiomeric excess of E--viniferin were grape variety-dependent – I’m not sure what 

“Enantiomeric excess of E--viniferin” means in the context. Please clarify. 

- Stereoisomers of viniferins showed anti-inflammatory and antioxidant activities – bit generic. 

Something more specific to your outcomes? 

 

Author reply: As suggested by Editor, the highlights have been modified: 
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Abstract 21 

Determination of stereochemistry and enantiomeric excess in chiral natural molecules is a 22 

research of great interest because enantiomers can exhibit different biological activities. 23 

Viniferin stilbene dimers are natural molecules present in grape berries and wine but also, in 24 

larger amount, in stalks of grapevine. Four stereoisomers of viniferin stilbene dimers (7aS,8aS)-25 

E--viniferin (1a), (7aR,8aR)-E--viniferin (1b), (7aS,8aR)-E--viniferin (2a), and (7aR,8aS)-26 

E--viniferin (2b) were isolated from grapevine stalks of Cabernet Sauvignon, Merlot and 27 

Sauvignon Blanc, using a combination of centrifugal partition chromatography (CPC), 28 

preparative and chiral HPLC. The structure elucidation of these molecules was achieved by 29 

NMR whereas the absolute configurations of the four stereoisomers were investigated by 30 

vibrational circular dichroism spectroscopy in combination with density functional theory 31 

(DFT) calculations. This study unambiguously established the (+)-(7aS,8aS) and (+)-(7aR,8aS) 32 

configurations for E--viniferin and E--viniferin, respectively. Finally, we show that Cabernet 33 

Sauvignon provided the quasi enantiopure (+)-(7aS,8aS)-E--viniferin compound which 34 

presents the best anti-inflammatory and anti-oxidant activities. 35 

Keywords: stilbene, viniferins, stereoisomers, chirality, vine, anti-inflammatory 36 

  37 
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1. Introduction 38 

Chirality is omnipresent in chemistry and biology. It is not surprising that this 39 

phenomenon also plays a major role in food chemistry and natural products. Chirality is a 40 

geometric property of some molecules that are non-superposable with their mirror images. A 41 

chiral compound and its mirror image are called enantiomers, and could interact in different 42 

ways with receptors, transport systems and enzymes, leading to diverse effects such as 43 

dissimilar taste or aroma, or different biological activities. Therefore, the determination of 44 

enantiomeric excess in chiral natural molecules is a research of great interest in food chemistry. 45 

The hydroxylated derivatives of stilbene, especially resveratrol and its congeners have 46 

attracted much attention owing to their various benefits in human health. It is now accepted that 47 

resveratrol possesses a large number of pharmacological properties including cardioprotective 48 

(Saiko et al., 2008), neuroprotective (Richard et al., 2011), and chemopreventive effects (Ko et 49 

al., 2017). More than one thousand stilbenoids have been identified until now, and several 50 

articles tried to make a catalog (Shen et al., 2009; Rivière et al., 2012; Keylor et al., 2015). 51 

These specialized metabolites occur naturally with a limited but heterogeneous distribution in 52 

the plant kingdom (Rivière et al., 2012). Stilbenoids can be divided in monomers and oligomers. 53 

There are two main hypotheses dealing with the biosynthesis of oligomers. The first approach 54 

is chemical, while the second involves chiral intermediates and possibly enzymes. Given the 55 

different structures of existing dimers, it seems that both possibilities are present. In any case, 56 

it is the ability of this type of compounds, like most polyphenols, to form and trap radicals, 57 

which makes it possible to obtain such diversity by radical coupling. Indeed, they are 58 

mechanisms of the Sequential Proton Loss Electron Transfer (SPLET) and Hydrogen Atom 59 

Transfer (HAT) type which, by radical and proton transfer, would lead to such reactivity (Shang 60 

et al., 2009; Stojanović & Brede, 2002). It was shown that some peroxidases from grapevine 61 

are capable to form the -viniferin and other dimers (Calderón et al., 1992; Morales & Barceló, 62 
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1997; Barceló et al., 2003). Despite numerous attempts using Horseradish peroxidase (HRP) or 63 

other peroxidases, even from the grapevine, no data have been published, showing that these 64 

enzymes are involved in the formation of the E--viniferin (Barceló et al., 2003). The presence 65 

of a chiral intermediate, however, is strongly assumed, as the plants seem able to produce 66 

specifically the (+)-E--viniferin, as in Vitaceae and Dipterocarpaceae or ()-E--viniferin as 67 

in some Cyperaceae (Yoshiaki & Masatake, 2001). Laccase from Botrytis cinerea was 68 

considered capable to catalyze the reaction of resveratrol toward the (+)-E--viniferin (Pezet, 69 

1998), but subsequent studies have refuted this hypothesis (Breuil et al., 1998; Cichewicz et al., 70 

2000). 71 

Structurally, E-- and E--viniferins are resveratrol dimers belonging to the group A 72 

according to the natural stilbenes classification with two resveratrol units linked by two C-C 73 

and C-O-C connection (Shen and Lou, 2009). This structure has two stereogenic carbons on the 74 

benzofuran unit with four possible stereoisomers (Figure 1). As observed for drugs, it is 75 

possible that enantiomers of viniferins can have different activities. Recently, research carried 76 

out on the characterization of the molecular determinants responsible for the taste of wines 77 

showed how stereochemistry could influence taste properties. Thus, taste properties of 78 

lyoniresinol stereoisomers were evaluated and only one lyoniresinol enantiomer were strongly 79 

bitter whereas the other one was tasteless and the diastereoisomer is slightly sweet (Cretin et 80 

al., 2015). In order to better understand the different properties of each steroisomer of E-- and 81 

E--viniferins, it is crucial to isolate and characterize them. 82 

To perform structural and biological measurements, it is necessary to acquire a large 83 

amount of pure stereoisomers of viniferin. However, this amount is very dependent on the 84 

investigated plant material. Thus, for grapevine, E-- and E--viniferins can be extracted from 85 

grape berries, leaves, stalks and roots with different efficiencies. Indeed, their extraction 86 
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represents around 0.1 – 0.5 % of dried weight (DW) from stalks of grapevine whereas the 87 

amount is one hundred lower from grape berries (Gabaston et al, 2020). 88 

This paper reports the chiroptical properties (vibrational and electronic circular 89 

dichroisms) of two stilbene dimers, E--viniferin and E--viniferin from stalks of grapevine in 90 

order to determine their absolute configurations. We have shown that the two dimers are present 91 

as a mixture of enantiomers, depending on the grape variety. All the stereoisomers were also 92 

evaluated for their anti-inflammatory and anti-oxidant activities in Lipopolysaccharide (LPS)-93 

stimulated macrophages. 94 

 95 

2. Material and Methods 96 

2.1. General Experimental Procedures.  97 

All 1H and 13C NMR spectra were recorded on a Bruker Avance III 600 MHz NMR 98 

spectrometer (Wissembourg, France) equipped with a 5-mm TXI probe. Compounds were 99 

measured in 3 mm NMR tubes, using acetone-d6 (Euriso-Top, Gif-sur-Yvette, France) as the 100 

solvent at 27°C. 1H and 13C chemical shifts were referenced to solvent signals. Data were 101 

processed using Bruker software Topspin 3.2. The specific optical rotations were determined 102 

in methanol at 20 °C on a JASCO P-2000 polarimeter (Tokyo, Japan) using the sodium emission 103 

wavelength (λ = 589 nm). The centrifugal partition chromatography (CPC) used in this study 104 

(FCPC200®) was provided by Kromaton Technologies (Sainte-Gemmes-sur-Loire, France). 105 

The solvents were pumped by a Gilson 321-H1 2-way binary high-pressure gradient pump. The 106 

samples were introduced into the CPC column via a high pressure injection valve (3725i-038 107 

Rheodyne) equipped with a 20 mL sample loop. The CPC fractions were monitored with a 108 

Varian Prostar 325 DAD detector (Victoria, Australia), at wavelengths of 306 and 280 nm. 109 

HPLC preparative separations were carried out using a Gilson PLC 2050 Purification System 110 

(Villiers-le-bel, France) equipped with a binary pump, a UV-VIS Detector, a fraction Collector, 111 
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and a Phenomenex Kinetex XB-C18 AXIA column (5 µm, 150 x 21.2 mm). The mobile phase 112 

was composed of two solvents: (A) 0.025% TFA in H2O and (B) MeCN. The preparative 113 

enantioseparations were perfomed using the same HPLC system as above equipped with a 114 

Phenomenex Lux Amylose-1 (5 µm, 250 x 10 mm) chiral column. The mobile phase consisted 115 

of n-Hexane/2-Propanol (85/15, v/v) acidified with 0.01% TFA. 116 

2.2. Plant Material.  117 

Grapevine stalks (Merlot) were collected in the “Château Rochemorin” vineyard in the 118 

region of Bordeaux (44°43’17’’N, - 0°33’45’’W, Martillac, France) in January 2017. They were 119 

obtained from Riparia Gloire de Montpellier rootstocks which were planted in 1985. Stalks 120 

specimens were deposited in the Molécules d’Intérêt Biologique (MIB) laboratory at ISVV 121 

(Villenave d’Ornon, France). Grapevine stalks of three other grape varieties (Cabernet 122 

Sauvignon, Sauvignon Blanc, and Merlot) were collected in the “Domaine Haut Dambert” 123 

vineyard in the region of Bordeaux (44°38’58’’N, - 0°10’48’’W, Gornac, France) in January 124 

2015. The accession numbers are listed in Table 1. 125 

Table 1. Cultivar/rootstock combinations, deposit number, and origins 126 

Cultivar rootstock Deposit number Origin (city, region, country) 

Merlot 101-14 MIB_M-2017 Martillac (region of Bordeaux, France) 

Carbernet Sauvignon 101-14 MIB_CS-TB Gornac (region of Bordeaux, France) 

Merlot 420A MIB_M-TB Gornac (region of Bordeaux, France) 

Sauvignon Blanc 101-14 MIB_SB-TB Gornac (region of Bordeaux, France) 

 127 

2.3. Extraction and Isolation.  128 

Dried and finely powdered stalks of Vitis vinifera (100 g DW) were defatted with 129 

petroleum (1 L) using soxhlet extractor, extracted with 60% aqueous acetone (1 L, 2 times) at 130 

room temperature and filtered. This aqueous acetone extract was evaporated under reduced 131 
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pressure. The filtrate was concentrated at 35°C under reduced pressure. Aqueous residue (200 132 

mL) was partitioned with EtOAc (4 x 200 mL). The organic extract was concentrated and 133 

freeze-dried to yield 0.7 – 1.5 g depending on the grape variety. The highest concentration in 134 

stilbenes was found with the Merlot (14.3 g.kg-1 DW), followed by Sauvignon Blanc (9.5 g.kg-135 

1 DW) and Cabernet Sauvignon (7.4 g.kg-1 DW). 136 

One g of the organic extract was subjected to the centrifugal partition chromatography 137 

(CPC) using the quaternary biphasic Arizona-K system n-Heptane/EtOAc/MeOH/Water 138 

(1:2:1:2, v/v). The CPC rotor was entirely filled with the aqueous stationary phase in the 139 

descending mode at 500 rpm. After injection of the organic extract, dissolved in 8 mL of the 140 

organic/aqueous phase mixture (1:1, v/v), the aqueous mobile phase was pumped into the 141 

column in descending mode at a flow-rate of 3 mL/min. Then the rotation speed was increased 142 

from 500 to 1200 rpm. The back pressure was 2.5 MPa. The content of the outgoing organic 143 

phase was monitored by online UV absorbance measurement at 280 and 306 nm. Six fractions 144 

were collected (Supplementary material Figure S1). E--viniferin and E--viniferin, obtained 145 

as a white solid were purified from the fraction 6 (around 200 mg) by preparative HPLC with 146 

elution program: 17% B (0-1.12 min), 17-30% B (1.12 -13.12 min), 30-38% B (13.12-22.12 147 

min), 38-100% B (22.12-27 min), 100% (27-30 min). The concentrations of E--viniferin were 148 

found in the 0.23 – 0.35 % range (3.5 g.kg-1 DW for Merlot, 2.6 g.kg-1 DW for Sauvignon Blanc 149 

and 2.3 g.kg-1 DW for Cabernet Sauvignon).  150 

The enantiomeric excess of the two enantiomers of E--viniferin, 1, extracted from 151 

Cabernet Sauvignon, Merlot and Sauvignon Blanc grape varieties was measured by analytical 152 

chiral HPLC. The mixture of enantiomers of each compound was solubilized in mobile phase 153 

and filtered on PTFE 0.45 μm. The two enantiomers of 1 were separated using a chiral HPLC 154 

column (Chiralpak IF, 250 × 4.6 mm). The mobile phase consisted of n-Hexane/2-Propanol 155 

(90/10, v/v) acidified with 0.001 % TFA. Isocratic elution was performed at a flow-rate of 2 156 
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mL/min. It was observed that the ()-enantiomer of 1 was first eluted at 17.2 min, followed by 157 

the (+)-enantiomer at 30.8 min (Supplementary material Figure S2). 158 

To obtain the two enantiomers of 1 and 2 in fair quantities, a preparative Phenomenex 159 

Lux Amylose-1 (250 × 10 mm, eluent: n-Hexane/2-Propanol 85/15 acidified with 0.01 % TFA, 160 

5 mL/min) was used. For 1, the first enantiomer (1a) was collected at 21 min and the second 161 

one (1b) at 30 min, whereas for 2, the first enantiomer (2a) was eluted at 17 min and the second 162 

one (2b) at 30 min (Supplementary material Figure S3). 163 

2.4. Electronic Circular Dichroism (ECD) measurements.  164 

ECD spectra of compounds 1 and 2 were recorded in EtOH at 20 °C with a 0.2 cm path 165 

length quartz cell. The concentration of the two compounds was taken in the range 1. 10-4 – 1.5 166 

10-4 M. Spectra were recorded in the 210 – 400 nm wavelength range with a 0.5 nm increment 167 

and a 1s integration time. Spectra were processed with standard spectrometer software, baseline 168 

corrected and slightly smoothed by using a third order least square polynomial fit. Spectral units 169 

were expressed in difference of molar extinction coefficients (Δε in L/mol/cm). 170 

2.5. Vibrational Circular Dichroism (VCD) measurements.  171 

IR and VCD spectra were recorded with a ThermoNicolet Nexus 670 FTIR spectrometer 172 

equipped with a VCD optical bench (Buffeteau et al., 2005). In this optical bench, the light 173 

beam was focused by a BaF2 lens (191 mm focal length) to the sample, passing an optical filter, 174 

a BaF2 wire grid polarizer (Specac), and a ZnSe photoelastic modulator (Hinds Instruments, 175 

Type II/ZS50). The light was then focused by a ZnSe lens (38.1 mm focal length) onto a 1x1 176 

mm2 HgCdTe (ThermoNicolet, MCTA* E6032) detector. IR and VCD spectra were recorded 177 

at a resolution of 4 cm-1, by coadding 50 scans and 36000 scans (12h acquisition time), 178 

respectively. The sample was held in a fixed path length (100 m) cell with BaF2 windows. IR 179 

and VCD spectra of the two enantiomers E--viniferin 1 and E--viniferin 2 were measured in 180 

DMSO-d6 at a concentration of 40 mM. Baseline correction of the VCD spectrum was 181 
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performed by subtracting the two enantiomer VCD spectra of 1 and 2 (recorded under the same 182 

experimental concentration), with division by two. In all experiments, the photoelastic 183 

modulator was adjusted for a maximum efficiency at 1400 cm-1. Calculations were done with 184 

the standard ThermoNicolet software, using Happ and Genzel apodization, de-Haseth phase-185 

correction and a zero-filling factor of one. Calibration spectra were recorded using a 186 

birefringent plate (CdSe) and a second BaF2 wire grid polarizer, following the experimental 187 

procedure previously published (Nafie & Vidrine, 1982). Finally, in the presented IR spectra, 188 

the solvent absorption was subtracted out. 189 

2.6. DFT calculations.  190 

All DFT calculations were carried out with Gaussian 09 (Frisch et al., 2009). The 191 

calculation of the IR and VCD spectra began by a conformational analysis of (7aS,8aS)- and 192 

(7aR,8aS)-viniferin (1a and 2b), considering a trans conformation of the C=C bond. 193 

Preliminary conformer distribution search of 1a and 2b was performed at the molecular 194 

mechanics level of theory, employing MMFF94 force fields incorporated in ComputeVOA 195 

software package. 290 conformers of 1a (305 conformers for 2b) were found within roughly 4 196 

kcal/mol of the lowest energy conformer. Their geometries were optimized at the DFT level 197 

using B3LYP functional and 6-31G** basis set, leading to 74 (1a) and 61 (2b) different 198 

conformers within an energetic window of 3.25 (1a) and 2.87 (2b) kcal/mol. Finally, only the 199 

twenty four (1a) and twenty five (1b) lowest energetic geometries were kept, corresponding to 200 

Boltzmann population higher than 1%. Vibrational frequencies, IR and VCD intensities were 201 

calculated at the same level of theory. The spectra were calculated for the isolated molecule in 202 

vacuo. For comparison to experiment, the calculated frequencies were scaled by 0.968 and the 203 

calculated intensities were converted to Lorentzian bands with a full-width at half-maximum 204 

(FWHM) of 7 cm-1. 205 

2.7. Macrophages cell culture.  206 
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RAW 264.7 cells were obtained from the American Type Culture Collection (ATCC). 207 

They were cultured in 75 cm2 flasks containing 20 mL of DMEM supplemented with 10% of 208 

FBS. Cells were maintained in a humidified incubator at 37°C and 5% of CO2. In order to 209 

perform the experiments, every 3 days cells were detached by scrapping and sub-cultured in 96 210 

transparent (for cytotoxicity and NO measurements) or black (ROS measurement) well plates 211 

with the same culture medium (200 µL) supplemented with 4 mM of glutamine at a density of 212 

40,000 cells per well. 213 

2.8. MTT assay.  214 

The cytotoxicity of stereoisomers of viniferin (1a, 1b, 2a and 2b) was carried out by using 215 

MTT that allows to measure the cellular metabolic activity of cells. After 24 hours of incubation 216 

in 96 well plates, cells were incubated with different concentrations of the four stereoisomers 217 

(0.5 to 100 µM) of viniferin (1a, 1b, 2a and 2b). After 24 hours of treatment, cells were 218 

incubated with 0.5 mg/mL of MTT during 3 hours at 37°C and 5% of CO2. Finally, the blue 219 

formazan crystals formed at the well bottom were dissolved with 100 µL of DMSO and, 30 220 

minutes after, the absorbance was measured with a microplate reader (FLUOstar Optima, BMG 221 

Labtech) set at 595 nm. Results are expressed as mean of four replicates (n=4). 222 

2.9. Measurement of NO production.  223 

In order to evaluate the anti-inflammatory potential of the stereoisomers of viniferin (1a, 224 

1b, 2a and 2b), RAW 264.7 cells were incubated during 24 hours with all compounds at 225 

different non-cytotoxic concentrations (0.5, 1, 2.5, 5 and 10 µM) in the presence or absence of 226 

LPS (inflammatory triggering agent, 0.1 µg/mL) in RPMI medium. Then, 70 µL of supernatant 227 

were mixed with 70 µL of Griess reagent and after an incubation of 15 minutes at room 228 

temperature, the absorbance was measured at 540 nm by using a microplate reader (FLUOstar 229 

Optima, BMG Labtech). NO concentration by using a calibration standard curve of sodium 230 

nitrite (0-100 µM). Results are expressed as mean of four replicates (n=4).  231 
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2.10. Intracellular ROS measurement.  232 

The intracellular generation of ROS in cells was analyzed using the fluorometric probe 233 

DCFH2-DA. After treatment with the stereoisomers of viniferin (1a, 1b, 2a and 2b) at different 234 

concentrations (0.5, 1, 2.5, 5 and 10 µM) during 24 hours in 96 black well plates, cells were 235 

washed and 5 mM of DCFH2-DA diluted in PBS was added. After 30 minutes of incubation in 236 

the darkness at 37°C and 5% of CO2, the fluorescence intensity was measured using a 237 

microplate reader (FLUOstar Optima, BMG Labtech) set at 485 nm (excitation wavelength) 238 

and 520 nm (emission wavelength). Results are expressed as mean of four replicates (n=4). 239 

2.11. Statistical Analysis.  240 

Data were subjected to one-way ANOVA followed by a Tukey’s test (p < 0.05) with 241 

Microsoft Excel® XLSTAT (Version 1.1.463) to explore significant differences for cell 242 

viability, NO and ROS measurements.  243 

 244 

3. Results and Discussion 245 

3.1. Isolation of viniferin dimers and chiroptical properties in grape varieties 246 

One hundred g of dry fine powder of Vitis vinifera cv. Merlot stalks, previously defatted 247 

with petroleum ether, was extracted two times with 60% aqueous acetone at room temperature. 248 

The extract was then filtered and the filtrate was concentrated in vacuo. The aqueous phase was 249 

further partitioned between EtOAc and water. The organic extract was separated by 250 

combination of centrifugal partition chromatography (Supplementary material Figure S1) and 251 

preparative RP-18 HPLC to obtain E--viniferin with [𝛼]589
20  = +10.4° (c 0.2, MeOH) and E--252 

viniferin with [𝛼]589
20  = -103° (c 0.15, MeOH). In addition, the E--viniferin was purified from 253 

three different grape varieties (Cabernet Sauvignon, Merlot, and Sauvignon Blanc). The 254 

specific optical rotation values of E--viniferin varied between -12 and +46° (Supplementary 255 

material Table S1), indicating that E--viniferin is not enantiopure. This could be related to the 256 
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fact that the enantiomeric ratio of E--viniferin could be different due to the grape varieties. For 257 

example, Cabernet Sauvignon variety gives the dextrorotatory form of E--viniferin whereas 258 

the Merlot variety gives preferentially the levorotatory form. On the other hand, Sauvignon 259 

Blanc exhibits a lower value of specific rotation that probably means the presence of rather 260 

racemic mixture (Supplementary material Table S1). These values are in agreement with 261 

those reported in the literature from V. vinifera (Vitaceae) and others plant families, as shown 262 

in Table 2. The proportion of the two enantiomers of E--viniferin and the enantiomeric excess 263 

(ee) for the three grape varieties are given in Supplementary material Table S2. The 264 

enantiomeric excess (ee) extracted from Cabernet Sauvignon, Merlot and Sauvignon Blanc 265 

grape varieties was measured by analytical chiral HPLC (Supplementary material Figure S2). 266 

Table 2. Optical rotation values of E--viniferin measured in this study and found in the 267 

literature. 268 

Species Family [𝜶]𝟓𝟖𝟗
𝟐𝟎  Conditions Reference 

Vitis vinifera 

cv. Merlot 

Vitaceae +10.4° 0.13, MeOH This study 

Vitis vinifera 

cv. Cabernet Sauvignon 

Vitaceae +46.4° 0.064, MeOH This study 

Vitis vinifera 

cv. Merlot 

Vitaceae -12.1° 0.07, MeOH This study 

Vitis vinifera 

cv. Sauvignon Blanc 

Vitaceae +5.9° 0.083, MeOH This study 

Vitis amurensis Vitaceae +41° 0.13, MeOH (Pawlus et al., 2013) 

Vitis vinifera Vitaceae +34° 0.32, MeOH (Mattivi et al., 2011) 

Vitis heyneana Vitaceae +39° 0.40, MeOH (Li et al., 1996) 

Vitis chunganensis Vitaceae +32° 0.27, MeOH (He et al., 2009) 

Carex pumila Cyperaceae -27,9° 0.843, MeOH (Kurihara et al., 1990) 

Carex kobomugi Cyperaceae -46° 0.5, MeOH (Kurihara et al., 1991) 

Rhubarb Polygonaceae -47° 0.5, MeOH (Ngoc et al., 2008) 
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Paeonia lactiflora Paeoniaceae +59° 0.2, MeOH (Yuk et al., 2013) 

 269 

3.2. Absolute configuration of viniferin stereoisomers using NMR, VCD and ECD 270 

According to the above observations, E--viniferin (mixture of enantiomers) was then 271 

purified by chiral HPLC to separate the two enantiomers (Supplementary material Figure S3). 272 

The first eluted compound showed a specific optical rotation value [𝛼]589
20  = -43.4° (c 0.06, 273 

MeOH) whereas a value [𝛼]589
20  = +46° (c 0.06, MeOH) was measured for the second eluted 274 

compound. Accordingly, we have shown that E--viniferin was also a mixture of enantiomers 275 

and it was purified by chiral HPLC as mentioned above to yield [𝛼]589
20  = +107° (c 0.07, MeOH) 276 

for the first eluted compound and [𝛼]589
20  = -155° (c 0.14, MeOH) for the second eluted 277 

compound. The NMR data (1H and 13C) of E-- and E--viniferin were found to be similar to 278 

those previously obtained in our laboratory and in literature (Supplementary material Table 279 

S3, Figures S4 and S6) (Pawlus et al., 2013; Mattivi et al., 2011). The relative configuration 280 

was established by ROESY. For E--viniferin, the absence of NOE correlation between protons 281 

H7a/H8a (Supplementary material Figure S5) indicated that these protons were trans-282 

orientated whereas for E--viniferin, the cross peak between H7a/H8a (Supplementary 283 

material Figure S7), indicated these protons were cofacial (cis-orientation). In addition, the IR 284 

spectra of E-- and E--viniferin allow the discrimination of the two diastereoisomers, using 285 

the intensity of the band at 1148 cm-1. Indeed, the E--viniferin compound exhibits a high 286 

intensity for this band, whereas the 1148 cm-1 band is weak for the E--viniferin compound 287 

(Supplementary material Figure S8). 288 

The absolute configurations of the chiral centers (C7a and C8a) of E--viniferin and E-289 

-viniferin were deduced in the same manner as for the two enantiomers of ()-E-gnetin C 290 

(Buffeteau et al., 2014), using vibrational circular dichroism (VCD) associated with theoretical 291 

calculations. VCD spectra of the two enantiomers of compounds 1 and 2 were recorded in 292 
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DMSO-d6 at a concentration of 40 mM and the raw and baseline corrected VCD spectra are 293 

reported in Supplementary material Figures S9 and S10. For each compound, opposite VCD 294 

spectra were measured for the two enantiomers, as expected for enantiopure compounds. 295 

The theoretical calculations began by a conformational analysis of (7aS,8aS)-E--296 

viniferin (1a) and (7aR,8aS)-E--viniferin (2b). Preliminary conformer distribution search of 297 

1a and 2b was performed at the molecular mechanics level of theory, employing MMFF94 298 

force fields incorporated in ComputeVOA software package. 290 conformers of 1a (305 299 

conformers for 2b) were found within roughly 4 kcal/mol of the lowest energy conformer. Their 300 

geometries were optimized at the DFT level using B3LYP functional and 6-31G** basis set, 301 

leading to 74 (1a) and 61 (2b) different conformers within an energetic window of 3.25 (1a) 302 

and 2.87 (2b) kcal/mol. Finally, only the twenty four (1a) and twenty five (1b) lowest energetic 303 

geometries were kept, corresponding to Boltzmann population higher than 1%. Calculations 304 

were performed for the isolated molecule in vacuo. Harmonic vibrational frequencies were 305 

calculated at the same level to confirm that all structures were stable conformations and to 306 

enable free energies to be calculated. The predicted VCD spectra, taking into account the 307 

relative populations of (7aS,8aS)-E--viniferin and (7aR,8aS)-E--viniferin, were compared to 308 

the experimental VCD spectra of the second eluted compound of 1 and 2 in Figure 2. The 309 

predicted VCD spectra of (7aS,8aS)-E--viniferin and (7aR,8aS)-E--viniferin reproduced 310 

fairly well the intensity and the sign of most bands observed in the experimental VCD spectra, 311 

allowing the definitive determination of the 8aS configuration of the beta stereogenic carbon of 312 

the benzofuran group. The determination of the configuration of the alpha stereogenic carbon 313 

was less obvious from VCD data, even though a better agreement between theoretical and 314 

experimental spectra in the 1550-1400 cm-1 spectral range was obtained with the 7aS 315 

configuration for the second eluted compound of 1 and with the 7aR configuration for the 316 

second eluted compound of 2. The 7aS configuration of the alpha stereogenic carbon of 317 
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benzofuran group for the second eluted compound of 1 was confirmed by the absence of a cross-318 

peak between the protons H7a (=5.41 ppm) and H8a (=4.47 ppm) in the ROESY spectrum 319 

(Supplementary material Figure S5), indicating the opposite orientation of these two protons. 320 

Similarly, the 7aR configuration of the alpha stereogenic carbon of benzofuran group for the 321 

second eluted compound of 2 was confirmed by the presence of a cross-peak between the 322 

protons H7a (=5.86 ppm) and H8a (=4.70 ppm) in the ROESY spectrum (Supplementary 323 

material Figure S7), indicating the cofacial orientation of these two protons. Thus, this VCD 324 

analysis, associated with NMR results, unambiguously established the (+)-(7aS,8aS) 325 

configuration for E--viniferin and the (+)-(7aR,8aS) configuration for E--viniferin. This 326 

result confirm the first proposition of the absolute configuration, ()-(7aR,8aR), for E--327 

viniferin isolated from Carex pumila (Cyperaceae) by Kurihara et al. (1990).  328 

 The experimental VCD spectra measured for E--viniferin extracted from different 329 

grape varieties are compared in Figure 3 with the VCD spectrum of the enantiopure second 330 

eluted compound purified by chiral HPLC. The VCD spectrum of E--viniferin extracted from 331 

Cabernet Sauvignon stalks is quasi identical to the VCD spectrum of the enantiopure 332 

compound, revealing that this grape variety allows the extraction of E--viniferin with an 333 

enantiomeric excess close to 1. Chiral HPLC measurements on this compound revealed an 334 

enantiomeric excess of 98.34% (Supplementary material Table S2). This feature is very 335 

interesting since the enantiopure (+)-(7aS,8aS)-E--viniferin compound can be obtained 336 

directly by extraction from Cabernet Sauvignon. The VCD spectrum of E--viniferin extracted 337 

from Merlot is opposite with an intensity divided by almost 4, as expected by the enantiomeric 338 

excess measured by chiral HPLC (ca. 23.32%). Finally, the VCD spectrum of E--viniferin 339 

extracted from Sauvignon Blanc exhibits a very weak intensity, with the same sign than the one 340 

of Cabernet Sauvignon, as expected by chiral HPLC measurements. 341 
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As electronic circular dichroism (ECD) experiments are currently used in the structural 342 

studies of stilbenes, ECD spectra of the second eluted compound of 1 and 2 are reported in 343 

Supplementary material Figures S11 and S12, respectively. The ECD spectrum of (+)-E--344 

viniferin exhibits a positive band at 236 nm (+22.7) and a broad negative band around 300 nm 345 

(-3.8), in agreement with the ECD spectrum reported in the literature (Ito et al., 2009). The ECD 346 

spectrum of (+)-E--viniferin is slightly different, with a positive band at 227.5 nm (+17), a 347 

negative band at 250 nm (-3.3) and a broad negative band around 310 nm (-7). 348 

3.3. Antioxidant and anti-inflammatory activities of viniferin stereosimers in LPS-stimulated 349 

macrophages 350 

The four stereoisomers of viniferin (1a, 1b, 2a and 2b) were evaluated for their anti-351 

inflammatory and anti-oxidant activities in LPS-stimulated macrophages. Firstly, the MTT 352 

assay was performed in order to evaluate the cytotoxicity of all stereoisomers. Thus, cells were 353 

treated with different concentrations of viniferin 1a, 1b, 2a and 2b (0.5-100 µM) during 24 354 

hours. Figure 4a displays the cell viability expressed as percentage relative to the non-treated 355 

cells. As expected, the LPS did not affect the cell viability. Concerning viniferin stereoisomers, 356 

it can be observed that at low concentrations, between 0.5 to 10 µM, the metabolic activity of 357 

cells was not affected. However, from 25 µM, all compounds presented a significant cytotoxic 358 

effect, by killing between 40-70% of cells (Figure 4a). It can be also observed that compound 359 

2a presents a more slight toxic effect at 25 µM comparing with the others compounds at the 360 

same concentrations. No significant differences were observed between all stereoisomers at the 361 

highest concentrations (50-100 µM). Based on these results, the concentrations ranging between 362 

0.5 to 10 µM were selected to further evaluate the potential effect of viniferin stereoisomers to 363 

diminish the nitric oxide (NO) and reactive oxygen species (ROS) production. 364 

RAW 264.7 cells were activated with LPS (0.1 µg/mL) in the presence of the four 365 

stereoisomers of viniferin at 0.5, 1, 2.5, 5 and 10 µM during 24 hours. Afterwards, the NO2 in 366 
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culture media were measured by the Griess reaction. The NO content (µM) of cells treated with 367 

only LPS (positive control) increased more than tenfold (26.9 µM) in comparison with the 368 

negative control (2.4 µM) (cells without LPS treatment) (Figure 4b). A significant diminution 369 

of NO was observed at all concentrations of 1a and 1b. However, this effect is significant for 370 

2a and 2b only from 2.5 µM. Regarding differences between compounds, at the highest 371 

concentration tested (10 µM) it can be seen a more potent effect of 1a with a diminution of 60% 372 

of NO production while for 1b this decrease is 41%. By contrast, at this concentration the 2a 373 

and 2b exhibited the same effect (52 and 55%, respectively) (Figure 4b). 374 

In addition, the intracellular ROS production induced by LPS was investigated by using 375 

the fluorometric probe DCFH2-DA, which permits the detection and quantification of ROS. The 376 

results show that 1a is significantly the most active stereoisomer diminishing the intracellular 377 

ROS from the lowest concentration and reaching a reduction of 63% comparing with LPS alone. 378 

We can also observe differences between 2a and 2b, being this last significantly more anti-379 

oxidant, and diminishing the ROS production on 48% while only a 21% was observed for 2a 380 

in comparison with control (Figure 4c).  381 

Based on these results it can be concluded that viniferin stereoisomers possess in vitro 382 

anti-inflammatory and anti-oxidant properties in macrophages cells and that their activity varies 383 

according to their spatial configuration. Apart from resveratrol, other oligomeric stilbenes, as 384 

different viniferins, are showing promising results as anti-inflammatory, anti-oxidant, 385 

neuroprotective, anti-obesity, anticancer agents (Nassra et al., 2013; Ohara et al., 2015; Ficarra 386 

et al., 2016; Caillaud et al., 2019; Nivelle et al., 2018; Vion et al., 2018; Sergi et al., 2021). 387 

Our results demonstrate that the four stereoisomers are toxic from 10 µM concentration 388 

in RAW 264.7 cells. The same observation has been described for viniferin compounds in the 389 

same cellular model (Ha et al., 2018), but also in other cellular models as BV2 or Caco-2 cells 390 

(Nassra et al., 2013; Medrano-Padial et al., 2020). 391 
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Concerning anti-inflammatory properties, Nassra and co-workers showed that viniferins 392 

(E-δ-viniferin, E-ε-viniferin and E-ω-viniferin present very similar inhibitory capacity to reduce 393 

LPS-induced NO production in BV2 microglial cells. They showed that E-ε-viniferin is the 394 

most active compound (IC50: 8.6) presenting even better results that E-resveratrol (IC50: 13.1) 395 

(Nassra et al., 2013). Additionally, other more recent published article has demonstrated that 396 

E-ε-viniferin, also at low concentrations, is able to counteract the inflammation induced by 397 

LPS-activated microglia in N9 cells (Sergi et al., 2021). Only one recent article has 398 

demonstrated in our same cellular model (RAW 264.7 macrophage cells) that E-ε-viniferin 399 

decreased NO, PGE2, iNOS, and COX-2 productions after LPS stimulation and that this activity 400 

is may be mediated by the NF-κB activation (Ha et al., 2018). The present findings demonstrate 401 

for the first time that viniferin stereoisomers possess anti-inflammatory and anti-oxidant 402 

activities. Moreover and even thought their structures are quite similar, this paper proved that 403 

these bioactivities are different according to their configuration. 404 

4. Conclusion 405 

In summary, this work demonstrated for the first time the presence of four stereoisomers 406 

of viniferin stilbene (7aS,8aS)-E--viniferin, (7aR,8aR)-E--viniferin, (7aS,8aR)-E--viniferin, 407 

and (7aR,8aS)-E--viniferin in grapevine branches. The absolute configurations were clearly 408 

established by vibrational circular dichroism (VCD) spectroscopy in combination with density 409 

functional theory (DFT) calculations. Moreover, the anti-inflammatory and anti-oxidant 410 

activities of the four identified viniferin stereoisomers revealed that viniferin stereoisomers 411 

possess different bioactivities according to their configuration. In addition, for the first time, 412 

the two enantiomers of E--viniferin in grapevine are present and the enantiomeric excess are 413 

grape variety-dependent. Overall, the present study extends our knowledge of absolute 414 

stereochemistry of viniferin dimers present in grapevine and paves the way for further 415 

investigation related to their structure-activity relationship. 416 
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FIGURES CAPTIONS 

 

Figure 1. Chemical structures of viniferins (only the 1a and 2a compounds are reported). 

Figure 2. Comparison of experimental VCD spectra for the second eluted compound of 1 and 

2 recorded in DMSO-d6 solution (40 mM, 100 µm path length) with the predicted spectra of 

(7aS,8aS)-E--viniferin and (7aR,8aS)-E--viniferin. 

Figure 3. Comparison of experimental VCD spectra for the second eluted compound of 1 

recorded in DMSO-d6 solution (40 mM, 100 µm path length) with the VCD spectra of E--

viniferin extracted from different grape varieties. 

Figure 4. (A) Cell viability (%) (B) NO (µM) (C) ROS (fluorescence intensity) in LPS-

stimulated RAW 264.7 cells. Cells were treated for 24 hours with LPS (0.1 μg/mL; + control) 

or LPS with 1a, 1b, 2a and 2b at different concentrations (from 0.5-100 µM for cell viability 

and between 0.5-10 µM for NO and ROS measurements). Results are expressed as mean SEM 

of eight replicates (n=8). Different letters mean significant differences (p<0.5). 
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Abstract 21 

Determination of stereochemistry and enantiomeric excess in chiral natural molecules is a 22 

research of great interest because enantiomers can exhibit different biological activities. 23 

Viniferin stilbene dimers are natural molecules present in grape berries and wine but also, in 24 

larger amount, in stalks of grapevine. Four stereoisomers of viniferin stilbene dimers (7aS,8aS)-25 

E--viniferin (1a), (7aR,8aR)-E--viniferin (1b), (7aS,8aR)-E--viniferin (2a), and (7aR,8aS)-26 

E--viniferin (2b) were isolated from grapevine stalks of Cabernet Sauvignon, Merlot and 27 

Sauvignon Blanc, using a combination of centrifugal partition chromatography (CPC), 28 

preparative and chiral HPLC. The structure elucidation of these molecules was achieved by 29 

NMR whereas the absolute configurations of the four stereoisomers were investigated by 30 

vibrational circular dichroism spectroscopy in combination with density functional theory 31 

(DFT) calculations. This study unambiguously established the (+)-(7aS,8aS) and (+)-(7aR,8aS) 32 

configurations for E--viniferin and E--viniferin, respectively. Finally, we show that Cabernet 33 

Sauvignon provided the quasi enantiopure (+)-(7aS,8aS)-E--viniferin compound which 34 

presents the best anti-inflammatory and anti-oxidant activities. 35 

Keywords: stilbene, viniferins, stereoisomers, chirality, vine, anti-inflammatory 36 

  37 
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1. Introduction 38 

Chirality is omnipresent in chemistry and biology. It is not surprising that this 39 

phenomenon also plays a major role in food chemistry and natural products. Chirality is a 40 

geometric property of some molecules that are non-superposable with their mirror images. A 41 

chiral compound and its mirror image are called enantiomers, and could interact in different 42 

ways with receptors, transport systems and enzymes, leading to diverse effects such as 43 

dissimilar taste or aroma, or different biological activities. Therefore, the determination of 44 

enantiomeric excess in chiral natural molecules is a research of great interest in food chemistry. 45 

The hydroxylated derivatives of stilbene, especially resveratrol and its congeners have 46 

attracted much attention owing to their various benefits in human health. It is now accepted that 47 

resveratrol possesses a large number of pharmacological properties including cardioprotective 48 

(Saiko et al., 2008), neuroprotective (Richard et al., 2011), and chemopreventive effects (Ko et 49 

al., 2017). More than one thousand stilbenoids have been identified until now, and several 50 

articles tried to make a catalog (Shen et al., 2009; Rivière et al., 2012; Keylor et al., 2015). 51 

These specialized metabolites occur naturally with a limited but heterogeneous distribution in 52 

the plant kingdom (Rivière et al., 2012). Stilbenoids can be divided in monomers and oligomers. 53 

There are two main hypotheses dealing with the biosynthesis of oligomers. The first approach 54 

is chemical, while the second involves chiral intermediates and possibly enzymes. Given the 55 

different structures of existing dimers, it seems that both possibilities are present. In any case, 56 

it is the ability of this type of compounds, like most polyphenols, to form and trap radicals, 57 

which makes it possible to obtain such diversity by radical coupling. Indeed, they are 58 

mechanisms of the Sequential Proton Loss Electron Transfer (SPLET) and Hydrogen Atom 59 

Transfer (HAT) type which, by radical and proton transfer, would lead to such reactivity (Shang 60 

et al., 2009; Stojanović & Brede, 2002). It was shown that some peroxidases from grapevine 61 

are capable to form the -viniferin and other dimers (Calderón et al., 1992; Morales & Barceló, 62 
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1997; Barceló et al., 2003). Despite numerous attempts using Horseradish peroxidase (HRP) or 63 

other peroxidases, even from the grapevine, no data have been published, showing that these 64 

enzymes are involved in the formation of the E--viniferin (Barceló et al., 2003). The presence 65 

of a chiral intermediate, however, is strongly assumed, as the plants seem able to produce 66 

specifically the (+)-E--viniferin, as in Vitaceae and Dipterocarpaceae or ()-E--viniferin as 67 

in some Cyperaceae (Yoshiaki & Masatake, 2001). Laccase from Botrytis cinerea was 68 

considered capable to catalyze the reaction of resveratrol toward the (+)-E--viniferin (Pezet, 69 

1998), but subsequent studies have refuted this hypothesis (Breuil et al., 1998; Cichewicz et al., 70 

2000). 71 

Structurally, E-- and E--viniferins are resveratrol dimers belonging to the group A 72 

according to the natural stilbenes classification with two resveratrol units linked by two C-C 73 

and C-O-C connection (Shen and Lou, 2009). This structure has two stereogenic carbons on the 74 

benzofuran unit with four possible stereoisomers (Figure 1). As observed for drugs, it is 75 

possible that enantiomers of viniferins can have different activities. Recently, research carried 76 

out on the characterization of the molecular determinants responsible for the taste of wines 77 

showed how stereochemistry could influence taste properties. Thus, taste properties of 78 

lyoniresinol stereoisomers were evaluated and only one lyoniresinol enantiomer were strongly 79 

bitter whereas the other one was tasteless and the diastereoisomer is slightly sweet (Cretin et 80 

al., 2015). In order to better understand the different properties of each steroisomer of E-- and 81 

E--viniferins, it is crucial to isolate and characterize them. 82 

To perform structural and biological measurements, it is necessary to acquire a large 83 

amount of pure stereoisomers of viniferin. However, this amount is very dependent on the 84 

investigated plant material. Thus, for grapevine, E-- and E--viniferins can be extracted from 85 

grape berries, leaves, stalks and roots with different efficiencies. Indeed, their extraction 86 
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represents around 0.1 – 0.5 % of dried weight (DW) from stalks of grapevine whereas the 87 

amount is one hundred lower from grape berries (Gabaston et al, 2020). 88 

This paper reports the chiroptical properties (vibrational and electronic circular 89 

dichroisms) of two stilbene dimers, E--viniferin and E--viniferin from stalks of grapevine in 90 

order to determine their absolute configurations. We have shown that the two dimers are present 91 

as a mixture of enantiomers, depending on the grape variety. All the stereoisomers were also 92 

evaluated for their anti-inflammatory and anti-oxidant activities in Lipopolysaccharide (LPS)-93 

stimulated macrophages. 94 

 95 

2. Material and Methods 96 

2.1. General Experimental Procedures.  97 

All 1H and 13C NMR spectra were recorded on a Bruker Avance III 600 MHz NMR 98 

spectrometer (Wissembourg, France) equipped with a 5-mm TXI probe. Compounds were 99 

measured in 3 mm NMR tubes, using acetone-d6 (Euriso-Top, Gif-sur-Yvette, France) as the 100 

solvent at 27°C. 1H and 13C chemical shifts were referenced to solvent signals. Data were 101 

processed using Bruker software Topspin 3.2. The specific optical rotations were determined 102 

in methanol at 20 °C on a JASCO P-2000 polarimeter (Tokyo, Japan) using the sodium emission 103 

wavelength (λ = 589 nm). The centrifugal partition chromatography (CPC) used in this study 104 

(FCPC200®) was provided by Kromaton Technologies (Sainte-Gemmes-sur-Loire, France). 105 

The solvents were pumped by a Gilson 321-H1 2-way binary high-pressure gradient pump. The 106 

samples were introduced into the CPC column via a high pressure injection valve (3725i-038 107 

Rheodyne) equipped with a 20 mL sample loop. The CPC fractions were monitored with a 108 

Varian Prostar 325 DAD detector (Victoria, Australia), at wavelengths of 306 and 280 nm. 109 

HPLC preparative separations were carried out using a Gilson PLC 2050 Purification System 110 

(Villiers-le-bel, France) equipped with a binary pump, a UV-VIS Detector, a fraction Collector, 111 
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and a Phenomenex Kinetex XB-C18 AXIA column (5 µm, 150 x 21.2 mm). The mobile phase 112 

was composed of two solvents: (A) 0.025% TFA in H2O and (B) MeCN. The preparative 113 

enantioseparations were perfomed using the same HPLC system as above equipped with a 114 

Phenomenex Lux Amylose-1 (5 µm, 250 x 10 mm) chiral column. The mobile phase consisted 115 

of n-Hexane/2-Propanol (85/15, v/v) acidified with 0.01% TFA. 116 

2.2. Plant Material.  117 

Grapevine stalks (Merlot) were collected in the “Château Rochemorin” vineyard in the 118 

region of Bordeaux (44°43’17’’N, - 0°33’45’’W, Martillac, France) in January 2017. They were 119 

obtained from Riparia Gloire de Montpellier rootstocks which were planted in 1985. Stalks 120 

specimens were deposited in the Molécules d’Intérêt Biologique (MIB) laboratory at ISVV 121 

(Villenave d’Ornon, France). Grapevine stalks of three other grape varieties (Cabernet 122 

Sauvignon, Sauvignon Blanc, and Merlot) were collected in the “Domaine Haut Dambert” 123 

vineyard in the region of Bordeaux (44°38’58’’N, - 0°10’48’’W, Gornac, France) in January 124 

2015. The accession numbers are listed in Table 1. 125 

Table 1. Cultivar/rootstock combinations, deposit number, and origins 126 

Cultivar rootstock Deposit number Origin (city, region, country) 

Merlot 101-14 MIB_M-2017 Martillac (region of Bordeaux, France) 

Carbernet Sauvignon 101-14 MIB_CS-TB Gornac (region of Bordeaux, France) 

Merlot 420A MIB_M-TB Gornac (region of Bordeaux, France) 

Sauvignon Blanc 101-14 MIB_SB-TB Gornac (region of Bordeaux, France) 

 127 

2.3. Extraction and Isolation.  128 

Dried and finely powdered stalks of Vitis vinifera (100 g DW) were defatted with 129 

petroleum (1 L) using soxhlet extractor, extracted with 60% aqueous acetone (1 L, 2 times) at 130 

room temperature and filtered. This aqueous acetone extract was evaporated under reduced 131 
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pressure. The filtrate was concentrated at 35°C under reduced pressure. Aqueous residue (200 132 

mL) was partitioned with EtOAc (4 x 200 mL). The organic extract was concentrated and 133 

freeze-dried to yield 0.7 – 1.5 g depending on the grape variety. The highest concentration in 134 

stilbenes was found with the Merlot (14.3 g.kg-1 DW), followed by Sauvignon Blanc (9.5 g.kg-135 

1 DW) and Cabernet Sauvignon (7.4 g.kg-1 DW). 136 

One g of the organic extract was subjected to the centrifugal partition chromatography 137 

(CPC) using the quaternary biphasic Arizona-K system n-Heptane/EtOAc/MeOH/Water 138 

(1:2:1:2, v/v). The CPC rotor was entirely filled with the aqueous stationary phase in the 139 

descending mode at 500 rpm. After injection of the organic extract, dissolved in 8 mL of the 140 

organic/aqueous phase mixture (1:1, v/v), the aqueous mobile phase was pumped into the 141 

column in descending mode at a flow-rate of 3 mL/min. Then the rotation speed was increased 142 

from 500 to 1200 rpm. The back pressure was 2.5 MPa. The content of the outgoing organic 143 

phase was monitored by online UV absorbance measurement at 280 and 306 nm. Six fractions 144 

were collected (Supplementary material Figure S1). E--viniferin and E--viniferin, obtained 145 

as a white solid were purified from the fraction 6 (around 200 mg) by preparative HPLC with 146 

elution program: 17% B (0-1.12 min), 17-30% B (1.12 -13.12 min), 30-38% B (13.12-22.12 147 

min), 38-100% B (22.12-27 min), 100% (27-30 min). The concentrations of E--viniferin were 148 

found in the 0.23 – 0.35 % range (3.5 g.kg-1 DW for Merlot, 2.6 g.kg-1 DW for Sauvignon Blanc 149 

and 2.3 g.kg-1 DW for Cabernet Sauvignon).  150 

The enantiomeric excess of the two enantiomers of E--viniferin, 1, extracted from 151 

Cabernet Sauvignon, Merlot and Sauvignon Blanc grape varieties was measured by analytical 152 

chiral HPLC. The mixture of enantiomers of each compound was solubilized in mobile phase 153 

and filtered on PTFE 0.45 μm. The two enantiomers of 1 were separated using a chiral HPLC 154 

column (Chiralpak IF, 250 × 4.6 mm). The mobile phase consisted of n-Hexane/2-Propanol 155 

(90/10, v/v) acidified with 0.001 % TFA. Isocratic elution was performed at a flow-rate of 2 156 
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mL/min. It was observed that the ()-enantiomer of 1 was first eluted at 17.2 min, followed by 157 

the (+)-enantiomer at 30.8 min (Supplementary material Figure S2). 158 

To obtain the two enantiomers of 1 and 2 in fair quantities, a preparative Phenomenex 159 

Lux Amylose-1 (250 × 10 mm, eluent: n-Hexane/2-Propanol 85/15 acidified with 0.01 % TFA, 160 

5 mL/min) was used. For 1, the first enantiomer (1a) was collected at 21 min and the second 161 

one (1b) at 30 min, whereas for 2, the first enantiomer (2a) was eluted at 17 min and the second 162 

one (2b) at 30 min (Supplementary material Figure S3). 163 

2.4. Electronic Circular Dichroism (ECD) measurements.  164 

ECD spectra of compounds 1 and 2 were recorded in EtOH at 20 °C with a 0.2 cm path 165 

length quartz cell. The concentration of the two compounds was taken in the range 1. 10-4 – 1.5 166 

10-4 M. Spectra were recorded in the 210 – 400 nm wavelength range with a 0.5 nm increment 167 

and a 1s integration time. Spectra were processed with standard spectrometer software, baseline 168 

corrected and slightly smoothed by using a third order least square polynomial fit. Spectral units 169 

were expressed in difference of molar extinction coefficients (Δε in L/mol/cm). 170 

2.5. Vibrational Circular Dichroism (VCD) measurements.  171 

IR and VCD spectra were recorded with a ThermoNicolet Nexus 670 FTIR spectrometer 172 

equipped with a VCD optical bench (Buffeteau et al., 2005). In this optical bench, the light 173 

beam was focused by a BaF2 lens (191 mm focal length) to the sample, passing an optical filter, 174 

a BaF2 wire grid polarizer (Specac), and a ZnSe photoelastic modulator (Hinds Instruments, 175 

Type II/ZS50). The light was then focused by a ZnSe lens (38.1 mm focal length) onto a 1x1 176 

mm2 HgCdTe (ThermoNicolet, MCTA* E6032) detector. IR and VCD spectra were recorded 177 

at a resolution of 4 cm-1, by coadding 50 scans and 36000 scans (12h acquisition time), 178 

respectively. The sample was held in a fixed path length (100 m) cell with BaF2 windows. IR 179 

and VCD spectra of the two enantiomers E--viniferin 1 and E--viniferin 2 were measured in 180 

DMSO-d6 at a concentration of 40 mM. Baseline correction of the VCD spectrum was 181 
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performed by subtracting the two enantiomer VCD spectra of 1 and 2 (recorded under the same 182 

experimental concentration), with division by two. In all experiments, the photoelastic 183 

modulator was adjusted for a maximum efficiency at 1400 cm-1. Calculations were done with 184 

the standard ThermoNicolet software, using Happ and Genzel apodization, de-Haseth phase-185 

correction and a zero-filling factor of one. Calibration spectra were recorded using a 186 

birefringent plate (CdSe) and a second BaF2 wire grid polarizer, following the experimental 187 

procedure previously published (Nafie & Vidrine, 1982). Finally, in the presented IR spectra, 188 

the solvent absorption was subtracted out. 189 

2.6. DFT calculations.  190 

All DFT calculations were carried out with Gaussian 09 (Frisch et al., 2009). The 191 

calculation of the IR and VCD spectra began by a conformational analysis of (7aS,8aS)- and 192 

(7aR,8aS)-viniferin (1a and 2b), considering a trans conformation of the C=C bond. 193 

Preliminary conformer distribution search of 1a and 2b was performed at the molecular 194 

mechanics level of theory, employing MMFF94 force fields incorporated in ComputeVOA 195 

software package. 290 conformers of 1a (305 conformers for 2b) were found within roughly 4 196 

kcal/mol of the lowest energy conformer. Their geometries were optimized at the DFT level 197 

using B3LYP functional and 6-31G** basis set, leading to 74 (1a) and 61 (2b) different 198 

conformers within an energetic window of 3.25 (1a) and 2.87 (2b) kcal/mol. Finally, only the 199 

twenty four (1a) and twenty five (1b) lowest energetic geometries were kept, corresponding to 200 

Boltzmann population higher than 1%. Vibrational frequencies, IR and VCD intensities were 201 

calculated at the same level of theory. The spectra were calculated for the isolated molecule in 202 

vacuo. For comparison to experiment, the calculated frequencies were scaled by 0.968 and the 203 

calculated intensities were converted to Lorentzian bands with a full-width at half-maximum 204 

(FWHM) of 7 cm-1. 205 

2.7. Macrophages cell culture.  206 
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RAW 264.7 cells were obtained from the American Type Culture Collection (ATCC). 207 

They were cultured in 75 cm2 flasks containing 20 mL of DMEM supplemented with 10% of 208 

FBS. Cells were maintained in a humidified incubator at 37°C and 5% of CO2. In order to 209 

perform the experiments, every 3 days cells were detached by scrapping and sub-cultured in 96 210 

transparent (for cytotoxicity and NO measurements) or black (ROS measurement) well plates 211 

with the same culture medium (200 µL) supplemented with 4 mM of glutamine at a density of 212 

40,000 cells per well. 213 

2.8. MTT assay.  214 

The cytotoxicity of stereoisomers of viniferin (1a, 1b, 2a and 2b) was carried out by using 215 

MTT that allows to measure the cellular metabolic activity of cells. After 24 hours of incubation 216 

in 96 well plates, cells were incubated with different concentrations of the four stereoisomers 217 

(0.5 to 100 µM) of viniferin (1a, 1b, 2a and 2b). After 24 hours of treatment, cells were 218 

incubated with 0.5 mg/mL of MTT during 3 hours at 37°C and 5% of CO2. Finally, the blue 219 

formazan crystals formed at the well bottom were dissolved with 100 µL of DMSO and, 30 220 

minutes after, the absorbance was measured with a microplate reader (FLUOstar Optima, BMG 221 

Labtech) set at 595 nm. Results are expressed as mean of four replicates (n=4). 222 

2.9. Measurement of NO production.  223 

In order to evaluate the anti-inflammatory potential of the stereoisomers of viniferin (1a, 224 

1b, 2a and 2b), RAW 264.7 cells were incubated during 24 hours with all compounds at 225 

different non-cytotoxic concentrations (0.5, 1, 2.5, 5 and 10 µM) in the presence or absence of 226 

LPS (inflammatory triggering agent, 0.1 µg/mL) in RPMI medium. Then, 70 µL of supernatant 227 

were mixed with 70 µL of Griess reagent and after an incubation of 15 minutes at room 228 

temperature, the absorbance was measured at 540 nm by using a microplate reader (FLUOstar 229 

Optima, BMG Labtech). NO concentration by using a calibration standard curve of sodium 230 

nitrite (0-100 µM). Results are expressed as mean of four replicates (n=4).  231 
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2.10. Intracellular ROS measurement.  232 

The intracellular generation of ROS in cells was analyzed using the fluorometric probe 233 

DCFH2-DA. After treatment with the stereoisomers of viniferin (1a, 1b, 2a and 2b) at different 234 

concentrations (0.5, 1, 2.5, 5 and 10 µM) during 24 hours in 96 black well plates, cells were 235 

washed and 5 mM of DCFH2-DA diluted in PBS was added. After 30 minutes of incubation in 236 

the darkness at 37°C and 5% of CO2, the fluorescence intensity was measured using a 237 

microplate reader (FLUOstar Optima, BMG Labtech) set at 485 nm (excitation wavelength) 238 

and 520 nm (emission wavelength). Results are expressed as mean of four replicates (n=4). 239 

2.11. Statistical Analysis.  240 

Data were subjected to one-way ANOVA followed by a Tukey’s test (p < 0.05) with 241 

Microsoft Excel® XLSTAT (Version 1.1.463) to explore significant differences for cell 242 

viability, NO and ROS measurements.  243 

 244 

3. Results and Discussion 245 

3.1. Isolation of viniferin dimers and chiroptical properties in grape varieties 246 

One hundred g of dry fine powder of Vitis vinifera cv. Merlot stalks, previously defatted 247 

with petroleum ether, was extracted two times with 60% aqueous acetone at room temperature. 248 

The extract was then filtered and the filtrate was concentrated in vacuo. The aqueous phase was 249 

further partitioned between EtOAc and water. The organic extract was separated by 250 

combination of centrifugal partition chromatography (Supplementary material Figure S1) and 251 

preparative RP-18 HPLC to obtain E--viniferin with [𝛼]589
20  = +10.4° (c 0.2, MeOH) and E--252 

viniferin with [𝛼]589
20  = -103° (c 0.15, MeOH). In addition, the E--viniferin was purified from 253 

three different grape varieties (Cabernet Sauvignon, Merlot, and Sauvignon Blanc). The 254 

specific optical rotation values of E--viniferin varied between -12 and +46° (Supplementary 255 

material Table S1), indicating that E--viniferin is not enantiopure. This could be related to the 256 
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fact that the enantiomeric ratio of E--viniferin could be different due to the grape varieties. For 257 

example, Cabernet Sauvignon variety gives the dextrorotatory form of E--viniferin whereas 258 

the Merlot variety gives preferentially the levorotatory form. On the other hand, Sauvignon 259 

Blanc exhibits a lower value of specific rotation that probably means the presence of rather 260 

racemic mixture (Supplementary material Table S1). These values are in agreement with 261 

those reported in the literature from V. vinifera (Vitaceae) and others plant families, as shown 262 

in Table 2. The proportion of the two enantiomers of E--viniferin and the enantiomeric excess 263 

(ee) for the three grape varieties are given in Supplementary material Table S2. The 264 

enantiomeric excess (ee) extracted from Cabernet Sauvignon, Merlot and Sauvignon Blanc 265 

grape varieties was measured by analytical chiral HPLC (Supplementary material Figure S2). 266 

Table 2. Optical rotation values of E--viniferin measured in this study and found in the 267 

literature. 268 

Species Family [𝜶]𝟓𝟖𝟗
𝟐𝟎  Conditions Reference 

Vitis vinifera 

cv. Merlot 

Vitaceae +10.4° 0.13, MeOH This study 

Vitis vinifera 

cv. Cabernet Sauvignon 

Vitaceae +46.4° 0.064, MeOH This study 

Vitis vinifera 

cv. Merlot 

Vitaceae -12.1° 0.07, MeOH This study 

Vitis vinifera 

cv. Sauvignon Blanc 

Vitaceae +5.9° 0.083, MeOH This study 

Vitis amurensis Vitaceae +41° 0.13, MeOH (Pawlus et al., 2013) 

Vitis vinifera Vitaceae +34° 0.32, MeOH (Mattivi et al., 2011) 

Vitis heyneana Vitaceae +39° 0.40, MeOH (Li et al., 1996) 

Vitis chunganensis Vitaceae +32° 0.27, MeOH (He et al., 2009) 

Carex pumila Cyperaceae -27,9° 0.843, MeOH (Kurihara et al., 1990) 

Carex kobomugi Cyperaceae -46° 0.5, MeOH (Kurihara et al., 1991) 

Rhubarb Polygonaceae -47° 0.5, MeOH (Ngoc et al., 2008) 
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Paeonia lactiflora Paeoniaceae +59° 0.2, MeOH (Yuk et al., 2013) 

 269 

3.2. Absolute configuration of viniferin stereoisomers using NMR, VCD and ECD 270 

According to the above observations, E--viniferin (mixture of enantiomers) was then 271 

purified by chiral HPLC to separate the two enantiomers (Supplementary material Figure S3). 272 

The first eluted compound showed a specific optical rotation value [𝛼]589
20  = -43.4° (c 0.06, 273 

MeOH) whereas a value [𝛼]589
20  = +46° (c 0.06, MeOH) was measured for the second eluted 274 

compound. Accordingly, we have shown that E--viniferin was also a mixture of enantiomers 275 

and it was purified by chiral HPLC as mentioned above to yield [𝛼]589
20  = +107° (c 0.07, MeOH) 276 

for the first eluted compound and [𝛼]589
20  = -155° (c 0.14, MeOH) for the second eluted 277 

compound. The NMR data (1H and 13C) of E-- and E--viniferin were found to be similar to 278 

those previously obtained in our laboratory and in literature (Supplementary material Table 279 

S3, Figures S4 and S6) (Pawlus et al., 2013; Mattivi et al., 2011). The relative configuration 280 

was established by ROESY. For E--viniferin, the absence of NOE correlation between protons 281 

H7a/H8a (Supplementary material Figure S5) indicated that these protons were trans-282 

orientated whereas for E--viniferin, the cross peak between H7a/H8a (Supplementary 283 

material Figure S7), indicated these protons were cofacial (cis-orientation). In addition, the IR 284 

spectra of E-- and E--viniferin allow the discrimination of the two diastereoisomers, using 285 

the intensity of the band at 1148 cm-1. Indeed, the E--viniferin compound exhibits a high 286 

intensity for this band, whereas the 1148 cm-1 band is weak for the E--viniferin compound 287 

(Supplementary material Figure S8). 288 

The absolute configurations of the chiral centers (C7a and C8a) of E--viniferin and E-289 

-viniferin were deduced in the same manner as for the two enantiomers of ()-E-gnetin C 290 

(Buffeteau et al., 2014), using vibrational circular dichroism (VCD) associated with theoretical 291 

calculations. VCD spectra of the two enantiomers of compounds 1 and 2 were recorded in 292 
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DMSO-d6 at a concentration of 40 mM and the raw and baseline corrected VCD spectra are 293 

reported in Supplementary material Figures S9 and S10. For each compound, opposite VCD 294 

spectra were measured for the two enantiomers, as expected for enantiopure compounds. 295 

The theoretical calculations began by a conformational analysis of (7aS,8aS)-E--296 

viniferin (1a) and (7aR,8aS)-E--viniferin (2b). Preliminary conformer distribution search of 297 

1a and 2b was performed at the molecular mechanics level of theory, employing MMFF94 298 

force fields incorporated in ComputeVOA software package. 290 conformers of 1a (305 299 

conformers for 2b) were found within roughly 4 kcal/mol of the lowest energy conformer. Their 300 

geometries were optimized at the DFT level using B3LYP functional and 6-31G** basis set, 301 

leading to 74 (1a) and 61 (2b) different conformers within an energetic window of 3.25 (1a) 302 

and 2.87 (2b) kcal/mol. Finally, only the twenty four (1a) and twenty five (1b) lowest energetic 303 

geometries were kept, corresponding to Boltzmann population higher than 1%. Calculations 304 

were performed for the isolated molecule in vacuo. Harmonic vibrational frequencies were 305 

calculated at the same level to confirm that all structures were stable conformations and to 306 

enable free energies to be calculated. The predicted VCD spectra, taking into account the 307 

relative populations of (7aS,8aS)-E--viniferin and (7aR,8aS)-E--viniferin, were compared to 308 

the experimental VCD spectra of the second eluted compound of 1 and 2 in Figure 2. The 309 

predicted VCD spectra of (7aS,8aS)-E--viniferin and (7aR,8aS)-E--viniferin reproduced 310 

fairly well the intensity and the sign of most bands observed in the experimental VCD spectra, 311 

allowing the definitive determination of the 8aS configuration of the beta stereogenic carbon of 312 

the benzofuran group. The determination of the configuration of the alpha stereogenic carbon 313 

was less obvious from VCD data, even though a better agreement between theoretical and 314 

experimental spectra in the 1550-1400 cm-1 spectral range was obtained with the 7aS 315 

configuration for the second eluted compound of 1 and with the 7aR configuration for the 316 

second eluted compound of 2. The 7aS configuration of the alpha stereogenic carbon of 317 
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benzofuran group for the second eluted compound of 1 was confirmed by the absence of a cross-318 

peak between the protons H7a (=5.41 ppm) and H8a (=4.47 ppm) in the ROESY spectrum 319 

(Supplementary material Figure S5), indicating the opposite orientation of these two protons. 320 

Similarly, the 7aR configuration of the alpha stereogenic carbon of benzofuran group for the 321 

second eluted compound of 2 was confirmed by the presence of a cross-peak between the 322 

protons H7a (=5.86 ppm) and H8a (=4.70 ppm) in the ROESY spectrum (Supplementary 323 

material Figure S7), indicating the cofacial orientation of these two protons. Thus, this VCD 324 

analysis, associated with NMR results, unambiguously established the (+)-(7aS,8aS) 325 

configuration for E--viniferin and the (+)-(7aR,8aS) configuration for E--viniferin. This 326 

result confirm the first proposition of the absolute configuration, ()-(7aR,8aR), for E--327 

viniferin isolated from Carex pumila (Cyperaceae) by Kurihara et al. (1990).  328 

 The experimental VCD spectra measured for E--viniferin extracted from different 329 

grape varieties are compared in Figure 3 with the VCD spectrum of the enantiopure second 330 

eluted compound purified by chiral HPLC. The VCD spectrum of E--viniferin extracted from 331 

Cabernet Sauvignon stalks is quasi identical to the VCD spectrum of the enantiopure 332 

compound, revealing that this grape variety allows the extraction of E--viniferin with an 333 

enantiomeric excess close to 1. Chiral HPLC measurements on this compound revealed an 334 

enantiomeric excess of 98.34% (Supplementary material Table S2). This feature is very 335 

interesting since the enantiopure (+)-(7aS,8aS)-E--viniferin compound can be obtained 336 

directly by extraction from Cabernet Sauvignon. The VCD spectrum of E--viniferin extracted 337 

from Merlot is opposite with an intensity divided by almost 4, as expected by the enantiomeric 338 

excess measured by chiral HPLC (ca. 23.32%). Finally, the VCD spectrum of E--viniferin 339 

extracted from Sauvignon Blanc exhibits a very weak intensity, with the same sign than the one 340 

of Cabernet Sauvignon, as expected by chiral HPLC measurements. 341 
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As electronic circular dichroism (ECD) experiments are currently used in the structural 342 

studies of stilbenes, ECD spectra of the second eluted compound of 1 and 2 are reported in 343 

Supplementary material Figures S11 and S12, respectively. The ECD spectrum of (+)-E--344 

viniferin exhibits a positive band at 236 nm (+22.7) and a broad negative band around 300 nm 345 

(-3.8), in agreement with the ECD spectrum reported in the literature (Ito et al., 2009). The ECD 346 

spectrum of (+)-E--viniferin is slightly different, with a positive band at 227.5 nm (+17), a 347 

negative band at 250 nm (-3.3) and a broad negative band around 310 nm (-7). 348 

3.3. Antioxidant and anti-inflammatory activities of viniferin stereosimers in LPS-stimulated 349 

macrophages 350 

The four stereoisomers of viniferin (1a, 1b, 2a and 2b) were evaluated for their anti-351 

inflammatory and anti-oxidant activities in LPS-stimulated macrophages. Firstly, the MTT 352 

assay was performed in order to evaluate the cytotoxicity of all stereoisomers. Thus, cells were 353 

treated with different concentrations of viniferin 1a, 1b, 2a and 2b (0.5-100 µM) during 24 354 

hours. Figure 4a displays the cell viability expressed as percentage relative to the non-treated 355 

cells. As expected, the LPS did not affect the cell viability. Concerning viniferin stereoisomers, 356 

it can be observed that at low concentrations, between 0.5 to 10 µM, the metabolic activity of 357 

cells was not affected. However, from 25 µM, all compounds presented a significant cytotoxic 358 

effect, by killing between 40-70% of cells (Figure 4a). It can be also observed that compound 359 

2a presents a more slight toxic effect at 25 µM comparing with the others compounds at the 360 

same concentrations. No significant differences were observed between all stereoisomers at the 361 

highest concentrations (50-100 µM). Based on these results, the concentrations ranging between 362 

0.5 to 10 µM were selected to further evaluate the potential effect of viniferin stereoisomers to 363 

diminish the nitric oxide (NO) and reactive oxygen species (ROS) production. 364 

RAW 264.7 cells were activated with LPS (0.1 µg/mL) in the presence of the four 365 

stereoisomers of viniferin at 0.5, 1, 2.5, 5 and 10 µM during 24 hours. Afterwards, the NO2 in 366 
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culture media were measured by the Griess reaction. The NO content (µM) of cells treated with 367 

only LPS (positive control) increased more than tenfold (26.9 µM) in comparison with the 368 

negative control (2.4 µM) (cells without LPS treatment) (Figure 4b). A significant diminution 369 

of NO was observed at all concentrations of 1a and 1b. However, this effect is significant for 370 

2a and 2b only from 2.5 µM. Regarding differences between compounds, at the highest 371 

concentration tested (10 µM) it can be seen a more potent effect of 1a with a diminution of 60% 372 

of NO production while for 1b this decrease is 41%. By contrast, at this concentration the 2a 373 

and 2b exhibited the same effect (52 and 55%, respectively) (Figure 4b). 374 

In addition, the intracellular ROS production induced by LPS was investigated by using 375 

the fluorometric probe DCFH2-DA, which permits the detection and quantification of ROS. The 376 

results show that 1a is significantly the most active stereoisomer diminishing the intracellular 377 

ROS from the lowest concentration and reaching a reduction of 63% comparing with LPS alone. 378 

We can also observe differences between 2a and 2b, being this last significantly more anti-379 

oxidant, and diminishing the ROS production on 48% while only a 21% was observed for 2a 380 

in comparison with control (Figure 4c).  381 

Based on these results it can be concluded that viniferin stereoisomers possess in vitro 382 

anti-inflammatory and anti-oxidant properties in macrophages cells and that their activity varies 383 

according to their spatial configuration. Apart from resveratrol, other oligomeric stilbenes, as 384 

different viniferins, are showing promising results as anti-inflammatory, anti-oxidant, 385 

neuroprotective, anti-obesity, anticancer agents (Nassra et al., 2013; Ohara et al., 2015; Ficarra 386 

et al., 2016; Caillaud et al., 2019; Nivelle et al., 2018; Vion et al., 2018; Sergi et al., 2021). 387 

Our results demonstrate that the four stereoisomers are toxic from 10 µM concentration 388 

in RAW 264.7 cells. The same observation has been described for viniferin compounds in the 389 

same cellular model (Ha et al., 2018), but also in other cellular models as BV2 or Caco-2 cells 390 

(Nassra et al., 2013; Medrano-Padial et al., 2020). 391 



18 

 

Concerning anti-inflammatory properties, Nassra and co-workers showed that viniferins 392 

(E-δ-viniferin, E-ε-viniferin and E-ω-viniferin present very similar inhibitory capacity to reduce 393 

LPS-induced NO production in BV2 microglial cells. They showed that E-ε-viniferin is the 394 

most active compound (IC50: 8.6) presenting even better results that E-resveratrol (IC50: 13.1) 395 

(Nassra et al., 2013). Additionally, other more recent published article has demonstrated that 396 

E-ε-viniferin, also at low concentrations, is able to counteract the inflammation induced by 397 

LPS-activated microglia in N9 cells (Sergi et al., 2021). Only one recent article has 398 

demonstrated in our same cellular model (RAW 264.7 macrophage cells) that E-ε-viniferin 399 

decreased NO, PGE2, iNOS, and COX-2 productions after LPS stimulation and that this activity 400 

is may be mediated by the NF-κB activation (Ha et al., 2018). The present findings demonstrate 401 

for the first time that viniferin stereoisomers possess anti-inflammatory and anti-oxidant 402 

activities. Moreover and even thought their structures are quite similar, this paper proved that 403 

these bioactivities are different according to their configuration. 404 

4. Conclusion 405 

In summary, this work demonstrated for the first time the presence of four stereoisomers 406 

of viniferin stilbene (7aS,8aS)-E--viniferin, (7aR,8aR)-E--viniferin, (7aS,8aR)-E--viniferin, 407 

and (7aR,8aS)-E--viniferin in grapevine branches. The absolute configurations were clearly 408 

established by vibrational circular dichroism (VCD) spectroscopy in combination with density 409 

functional theory (DFT) calculations. Moreover, the anti-inflammatory and anti-oxidant 410 

activities of the four identified viniferin stereoisomers revealed that viniferin stereoisomers 411 

possess different bioactivities according to their configuration. In addition, for the first time, 412 

the two enantiomers of E--viniferin in grapevine are present and the enantiomeric excess are 413 

grape variety-dependent. Overall, the present study extends our knowledge of absolute 414 

stereochemistry of viniferin dimers present in grapevine and paves the way for further 415 

investigation related to their structure-activity relationship. 416 
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FIGURES CAPTIONS 

 

Figure 1. Chemical structures of viniferins (only the 1a and 2a compounds are reported). 

Figure 2. Comparison of experimental VCD spectra for the second eluted compound of 1 and 

2 recorded in DMSO-d6 solution (40 mM, 100 µm path length) with the predicted spectra of 

(7aS,8aS)-E--viniferin and (7aR,8aS)-E--viniferin. 

Figure 3. Comparison of experimental VCD spectra for the second eluted compound of 1 

recorded in DMSO-d6 solution (40 mM, 100 µm path length) with the VCD spectra of E--

viniferin extracted from different grape varieties. 

Figure 4. (A) Cell viability (%) (B) NO (µM) (C) ROS (fluorescence intensity) in LPS-

stimulated RAW 264.7 cells. Cells were treated for 24 hours with LPS (0.1 μg/mL; + control) 

or LPS with 1a, 1b, 2a and 2b at different concentrations (from 0.5-100 µM for cell viability 

and between 0.5-10 µM for NO and ROS measurements). Results are expressed as mean SEM 

of eight replicates (n=8). Different letters mean significant differences (p<0.5). 

 



28 

 

Figure 1.  

 

 

 



29 

 

Figure 2.  

-0.05

0.00

0.05

0.10

120013001400150016001700

V
C

D
  
(
)

Wavenumbers, cm
-1

Experimental : (+)--viniferin : second eluted

DFT : 7aS, 8aS

DFT : 7aR, 8aS

Experimental : (+)--viniferin : second eluted

 

 

 



30 

 

Figure 3.  

-0.04

0.00

0.04

0.08

0.12

120013001400150016001700




Wavenumbers, cm
-1

Merlot

Sauvignon Blanc

Cabernet Sauvignon

(+)--viniferin : second eluted

 

 

 



31 

 

Figure 4.  

 



32 

 

For TOC Graphic only 

 

 
 

 

 

 



Declaration of interests 
  
☒ The authors declare that they have no known competing financial interests or personal relationships 
that could have appeared to influence the work reported in this paper. 
  
☐ The authors declare the following financial interests/personal relationships which may be considered 
as potential competing interests: 
 

 
  
  
  
 

Credit Author Statement


