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ABSTRACT

ENZYMATIC TRANSFORMATIONS OF RESVERATROL FROM RED WINE

Jennifer Jensen

Master of Science in Family and Consumer Sciences

In the course of this study we established that cytochrome P450 enzymes are capable of
converting resveratrol to its ortho-hydroxylated derivative, piceatannol, and piceatannol to its
carcinogenic derivative, piceatannol ortho-quinone. Among 12 commercially available enzyme
preparations, seven of them ortho-hydroxylated resveratrol with high conversion rates:
(CYP2C18, 95%; CYP3A4, 96%; CYPL1AL, 97%; CYP2A6, 97%; CYP2C9, 97%; CYP2CS;
98%; CYP4F12, 98%). Enzyme CYP1ALl was also able to convert piceatannol to its oxidized
form, piceatannol ortho-quinone that belongs to the class of organic carcinogens, ortho-
quinones. Feasibility of piceatannol oxidation to its respective ortho-quinone is corroborated by
the chemical oxidation with manganese dioxide and full structural characterization by the totality
of analytical methods. Stability studies on piceatannol ortho-quinone indicated that while its
decomposition is rapid at room temperature in a solid form, or in contact with chromatographic
sorbents, in a solution, at ambient temperatures, this potential carcinogen can survive for 141
hours, or almost 6 days. These experimental data suggest that consumption of resveratrol from
dietary sources (wine, peanuts, berries), or through RV supplementation, represents a clear
danger to public health. Given the abundance of cytochrome P450 enzymes in the human body,
and their demonstrated ability to effect the resveratrol-to-piceatannol-to-piceatannol-ortho-
quinone chemical sequence, it is conceivable that the same enzymatic transformations can also
occur inside the human body, in multiple locations. Ortho-quinones thus formed could

XV



potentially survive in vivo for days, and trigger tumor formation due to a well-known ability of
ortho-quinones to react with DNA bases and render them biologically dysfunctional. The
mechanism of carcinogenesis suggested for resveratrol is analogous to that established for female
hormones, such as beta-estradiol. As a human carcinogen, estrogens are introduced into the list
of carcinogens, which is maintained by the International Agency for Research on Cancer
(IARC). The said carcinogenicity is the main reason why in the early 2000’s the hormone-
replacement therapy (HRT) was severely discredited, temporarily banned, and then re-evaluated
for treatment of post-menopausal symptoms. This newly acquired knowledge on resveratrol
enzymatics should be made available to the general public who is exposed to unrelenting
advertisements on resveratrol and its supplements. In the long run, uncontrollable exposure to
resveratrol may contribute to proliferation of various cancers, potentially becoming the next
public health disaster. By its magnitude, it could be on par with asbestos, diethylstilbestrol

(DES), thalidomide, bis-phenol A (BPA), or hexavalent chromium exposure.
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. LITERATURE REVIEW

1.1. Introduction

Polyphenols that naturally exist in red wine have been extensively studied for many years
and currently are well known to the general public for their alleged health claims.'®¢ The star
antioxidant in wine is resveratrol that has gained recognition in 1992 for its ability to protect the
lining of coronary blood vessels.® In particular, resveratrol was shown to increase high-density
lipoprotein (HDL) or “good” cholesterol, decrease low-density lipoprotein (LDL) or “bad”
cholesterol, and prevent arterial damage.'® To achieve the same therapeutic effects in humans as
seen in mice, an individual would need to consume around 1,000 liters of wine every day.”
Resveratrol concentration in wine is dismal in comparison to therapeutic doses required, hence
the supplement industry emerged with a pill form containing high doses of an active ingredient
(100mg-2g) in order to entice the public that the heart benefits exhibited in animal studies could
potentially be achieved in human subjects, a gross misconception at best. Experimental data on
resveratrol did not support a multitude of health claims covered by the news media, nevertheless
in 2006, a substantial surge in supplement sales was observed. Resveratrol has been touted as a
“miracle pill” due to its anti-atherogenic, anti-estrogenicity, anti-inflammatory, and anti-platelet
aggregation properties, as well as neuroprotection, blood sugar regulation, and prolonged
endurances during exercise.**%9 Its most apprised attributes in the media today are an alleged
anti-aging property and prevention of degenerative ailments such as dementia and Alzheimer’s
disease.!" The latter is the sixth leading cause of death in the United States and the epidemic is
projected to triple by 2050. This review identifies resveratrol’s plant-based origin, abundance in
nature, biological properties, adverse effects, metabolism, bioavailability, data transferability

from animal studies to humans, and health implications.



1.2. Resveratrol Origin

Resveratrol, a polyphenol called 3,5,4'-trihydroxystilbene (1), is produced in various plant
species with the aid of stilbene synthase enzyme? to protect the host from injury, herbivores,
reactive oxygen species (ROS), and photosynthetic stress.!® In 1976, Langcake and Pryce?
identified resveratrol as a phytoalexin; it was first isolated in 1940 by Takaoka from white
hellebore roots and again in 1963 from Japanese knotweed roots.% Trans-resveratrol
biosynthesis may be induced by ozone exposure, microbial infections, and UV radiation and is

relatively stable when protected from light and high pH.%
OH
HO ‘ X O

OH 1

Figure 1. Chemical structure of resveratrol 1 (RV).

1.3. Natural Abundance

Over the last decade, resveratrol has retained its widespread popularity as a supplement due
to its presence in grapes and red wine.3 Polyphenols, in general, are more abundant in fruits than
vegetables, with concentrations as high as 1-2g per 100g of fresh weight. Resveratrol
concentration is substantially elevated in grape skins,*® muscadine grapes and seeds,* peanuts,*
cranberries,® and pines.®" In particular, its content in muscadine grapes is reported to be as high
as 40mg/L.>%3¢ Resveratrol amounts in red wine are dependent upon its fermentation time

(wine’s contact time with grape skins), grape variety, geographic region, grape cultivar, and



fungal infection exposure.®® Some red varietals contain about 160ug of resveratrol per fluid
ounce. One ounce of peanuts yields about 79ug of resveratrol®" and blueberries have roughly
twice as much resveratrol as bilberries.®' Resveratrol in these berries constitutes ten percent of
that found in grapes and can rapidly degrade, by up to 50%, at elevated temperatures.®
Resveratrol is also found in plums and to a lesser extent, in white wines.®

Resveratrol synthesized by grapevines (Vitis vinifera) and other plants®® is not as easily
available due to its low yield and laborious, time-consuming extraction process.> An average
concentration of resveratrol in red wine is equal to 1.9£1.7mg per liter and spans from non-
detectable levels up to 14.3mg per liter, with Pinot Noir and St. Laurent varieties containing the
highest amounts of resveratrol.®!

Structurally, resveratrol 1 belongs to the family of natural non-steroidal phytoestrogens such
as genistein 2, daidzein 3, quercetin 4, and enterodiol 5. These polyphenolic compounds are
topologically similar to endogenous 17(3-estradiol 6, a female hormone generated from
testosterone by an aromatization process, and are capable of binding to human estrogen receptors
(ERs) and exhibiting estrogenic activities of various intensities (Figure 2).1¢ Overall, there are
over 5,000 flavonoid compounds isolated from the plant kingdom, including catechins from tea,
isoflavones from soy, anthocyanins from blueberries, flavanone from citrus, cumestans from
alfalfa and clover sprouts, as well as lignans from flaxseeds and grains.'® Many of these
compounds contain multiple sites for enzymatic transformations and, given their very nature,

exhibit a wide array of biological activities.



Non-Steroidal Phytoestrogens

OH OH

OH
L

“C
OH

resveratrol 1 (wine) genistein 2 (soy) daidzein 3 (soy)

quercetin 4 (onions) enterodiol 5 (flaxseeds) 3-estradiol 6 (hormone)

Figure 2. Natural polyphenols.

1.4. Biological Activity of Resveratrol

Resveratrol as an Anticancer Agent. The protective role of plant-derived antioxidants acting
as free radical scavengers has become a widely accepted theory in food science.'®%® In particular,
the antioxidant capacity for polyphenols is dependent upon redox properties of their hydroxyl
groups and electron delocalization across the chemical structure.*® For resveratrol 1, alternative
antioxidant pathways suggested are as follows: (i) coenzyme-Q competition and down-regulation
of the oxidative chain complex where reactive oxygen species (ROS) generation occurs, (ii)
scavenging of mitochondrial-formed superoxide (O2.” ) and hydroxyl (*OH) radicals, and (iii)
inhibition of lipid peroxidation initiated by products of Fenton reactions.*

From a practical point of view, the anticancer effect of resveratrol is best demonstrated for
skin cancers and gastrointestinal tract tumors.*? In a two-stage mouse model, it prevented the

laboratory carcinogen, 12-o-tetradecanoylphorbol-13-acetate (TPA), from forming tumors when

4



resveratrol 1 (1, 5, 10, or 25umol) and TPA were administered twice weekly for 18 weeks. Two
skin tumors per mouse (40% incidence) were observed, tumor shrinkage was 68, 81, 76, or 98%,
respectively, and the percentage of mice with lesions declined in a dose-dependent manner (50,
63, 63, or 88%).% Another study demonstrated that the pre-application of resveratrol on mouse
skin permitted return of glutathione, hydrogen peroxide, myeloperoxidase, oxidized glutathione
reductase, and superoxide dismutase levels back to those recorded prior to administering
laboratory carcinogens.*® Direct contact of resveratrol with skin lesions may hold promise for
future chemotherapeutic modalities in cancer treatment.

Jang and colleagues*"¥ demonstrated resveratrol’s anticancer and cytostatic properties at all
three carcinogenetic stages (initiation, promotion, and progression). In particular, it hindered the
initiation stage of DNA damage by acting as a free radical scavenger and by inducing quinine
reductase synthesis, a phase 1l enzyme responsible for detoxifying carcinogens.*" In ovarian
cancer cell lines, resveratrol 1 was shown to inhibit an uptake of glucose thus causing selective
cancer cell death due to different energy requirements between healthy and malignant cells.*

While no human clinical trials have been reported for resveratrol,*® multiple animal studies
demonstrated its anti-cancer properties:*

« administering the prophylactic doses of resveratrol (0.02-8mg/kg) reduced or prevented

formation of the intestine and colon tumors in rats exposed to various carcinogens;*

* mammary tumor formation in mice was inhibited with high doses of injectable

resveratrol;*d
* in mice with pre-existing neuroblastomas, high-dose injections of resveratrol attenuated

tumor growth;*



« in various cells, resveratrol inhibited reactive oxygen intermediate (ROI) production and

lipid peroxidation prompted by tumor necrosis factor (TNF);*

* an in vivo study demonstrated resveratrol’s antioxidant capacity in preventing renal

oxidative DNA insult induced by the known kidney carcinogen, KBrOz;*
» resveratrol inhibited growth of prostate cancer cell line, DU145, decreased nitric oxide
(NO) production, and inhibited induction of nitric oxide synthase (iNOS);*™

» resveratrol down-regulated oxygen superoxide and H2O, production by macrophages
stimulated by lipopolysaccharide (LPS) or TPA, and, in contrast, down-regulated COX-2
induction, arachidonic acid release, and prostaglandin (PG) formation.*"

It is also worthy to mention that in the presence of glutathione, resveratrol prevented
hydroxyl radical generation and formation of glutathione disulfide, maintained intracellular
glutathione concentrations in human blood cells,* and raised the levels of the antioxidant
enzymes, such as glutathione peroxidase, glutathione S-transferase, and glutathione reductase.*

Resveratrol and DNA Replication. Contrary to the studies presented thus far on resveratrol
as a cancer cell mediator, resveratrol was found to be a strong DNA polymerase inhibitor, an
essential enzyme for DNA replication.®® An antiproliferative outcome was observed in
mammalian tumor cells where resveratrol suppressed ribonucleotide reductases,® enzymes
needed to reduce ribonucleotides into deoxynucleotides and which are essential during the S-
phase of DNA synthesis.>® It also generated 2-4 times greater transcriptional activation in MCF-7
(breast) cancer cell lines and less activation than estradiol in BG-1 (ovarian) cancer cell lines,
demonstrating that agonistic activity is cell-type specific.’d NFkB is an inducible transcription
factor linked to immune and inflammatory responses and is directly associated with cancer cell

proliferation in select cancer models.>® Resveratrol was first seen influencing the transcription



factor by Draczynska-Lusiak and colleagues where NF«kB’s binding activity was initiated by
oxidized low density lipoprotein (LDL), thereby slowing the activation of NFxB in PC-12 (rat
adrenal medulla) cell lines.5f

Resveratrol as a Cardio-Protection Agent. Scientific evidence has shown that resveratrol can
inhibit eicosanoids and lipid syntheses, which are attributed to atherosclerosis and inflammation,
and lower cardiac arrhythmias.%® Researchers at Ohio State University and Northeast Ohio
Medical University found that resveratrol is capable of slowing down cardiac fibrosis
progression.® In Sinclair’s mouse study, resveratrol offset harmful effects of a high fat diet.®
The mice in the high fat plus resveratrol supplementation group consumed hydrogenated coconut
oil (60% from fat energy), 30% more calories than the mice on the standard diet, and 22mg/kg of
resveratrol compared to the control group. Analysis of gene expression indicated that resveratrol
supplementation opposed the alteration of 144 out of 155 altered gene pathways. Interestingly,
glucose and insulin levels in these mice were closer to the mice on the standard diet, however
resveratrol supplementation didn’t change the cholesterol and free fatty acid levels, which were
considerably higher in mice on the high fat, supplemental diet.5

Exercise Endurance. Johan Auwerx’s mouse endurance study conducted at the Institute of
Genetics and Molecular Biology in France confirmed Sinclair’s hypothesis that resveratrol
activates the Sirtuin 1 (SIRT1) gene. Thus mice given resveratrol for 15 weeks had better overall
treadmill endurance than the control group.” Interestingly, Finnish adults (n=123) who were born
with high variations of SIRT1 genes, accompanied by expedient metabolisms, biologically
recruited the same SIRT1 pathway activated in the aforementioned endurance study.’

Resveratrol as a Neuroprotective Agent. In 2008, researchers at Cornell University

demonstrated that oral resveratrol supplementation significantly lowered brain plaque formation



in a mouse model, a physical attribute responsible for Alzheimer’s disease (AD) and other neuro-
degenerative diseases.® Researchers reported a vast reduction of plaque in the following regions
of the brain: 90% reduction in the hypothalamus, 89% reduction in the striatum, and 48%
reduction in the medial cortex. There are two theories that arise from neuroprotection and
resveratrol supplementation: (1) that oral ingestion of resveratrol in humans may lower beta
amyloid plaque formation attributed to aging populations and (2) the mechanism by which
plaques are removed related to the resveratrol’s ability to act as a copper chelator.®

Other Biological Effects. In a human trial, 3-5 grams of resveratrol have been shown to
drastically reduce blood sugar.®® Howitz and Sinclair (2003) demonstrated a significant,
prolonged lifespan in yeast, Saccaromyces cerevisiae given resveratrol as a supplement.®® The
fruit fly, Drosophila melanogaster and worm, Caenorhabditis elegans also demonstrated
extended lifespans when fed with resveratrol.> Another research group achieved reproducible
results with C. elegans® but a third group could not reproduce Sinclair’s prolonged lifespan
theory on either species.®® Contrary to Sinclair’s findings,®¢ Gems and Partridge conducted
large-scale studies on the fruit fly and worm and observed no lifespan effects with resveratrol
supplementation;® in an analogous setting, Pearson did not observe prolonged lifespan in mice.

Estrogenicity and Antiestrogenicity. An in-depth review of over 100 clinical studies
provided conclusive evidence that phytoestrogens support bone health (lowers osteoporosis), and
supposedly preempt cardiovascular diseases and neurodegeneration.®® By capitalizing on these
premises, supplement manufacturers have flooded the marketplace with the plant-based extracts
which are endowed with estrogenic properties. There are legitimate health concerns for different
population clusters in regards to exposure to estrogens, or natural estrogen-like chemicals. One

of the most susceptible groups is infants’ whose diet has been supplemented with soy-based



formulas during their first year of life. Neonatal soy formulas contain high amounts of
isoflavones, which “are an order of magnitude greater than levels which have been shown to
produce physiological effects” in adult females consuming a soy-rich diet.’%® One collective view
of existing, yet limited data suggest there are no adverse effects on human development or
reproduction, however more precautionary views convey caution to parents as there is very little
research on infant isoflavone consumption and potential long-term effects.%

Resveratrol, due to its structure similar to that of the natural estrogens and estrogen mimics,
is also found to be estrogenic.%f Some retailers of resveratrol now sell the supplement with a
warning label that cautions expectant mothers or women of childbearing age as to possible
consequences. Children should also not take resveratrol supplements due to the lack of studies on
the effects of normal development.'® More detailed studies revealed that in different biological
settings, resveratrol can exhibit a wide spectrum of activities further attesting to its alleged
estrogenicity. Among them are: (a) acting as an agonist in MCF-7 cell lines;? (b) stimulating the
growth of estrogen-dependent T47D breast cancer;® (c) suppressing proliferation of estrogen
receptor (ER)-positive and -negative mammary cancer cells in humans;% (d) exhibiting
significant binding affinities to estrogen receptor-o (ER-a) and estrogen receptor-p (ER—f)
receptors both expressed of human breast cancer cells and rodent uterine cells;'%" (e) selectively
down-regulating the ER-a subtype in Ishikawa (endometrial cancer) cells;** and (f) exhibiting an
estrogenic and bone-protective effects in (MC3T3-E1) mouse osteoblast cells.!% Further attesting
to the dual nature or resveratrol, at high doses (575mg/kg body weight), it exhibited an
antiestrogenic effect,'® and also functioned as a Selective Estrogen Receptor Modulator (SERM)
demonstrating both estrogenic and anti-estrogenic properties in ER™ mammary cancer cell

lines.10k



Pro-oxidant Properties, Genotoxicity, and Carcinogenicity. In a plasmid-based DNA
cleavage assay, Fukuhara and Miyata first discovered the pro-oxidant activity of resveratrol on
pBR322 DNA in the presence of Cu(ll).}t? Further studies have shown that resveratrol cleaves
DNA by reducing Cu(ll) to Cu(l) species which in turn generate DNA-derived oxidized
products.® The proposed mechanism challenged the conventional dogma that dietary
supplements exclusively function as antioxidants. Burkitt and Duncan further challenged this
view by providing evidence that resveratrol promotes the formation of hydroxyl radicals in
tandem with DNA-bound copper species.!' It is well established that oxygen-centered radicals
such as hydroxyl radical can wreak havoc on DNA and contribute to excessive lipid
peroxidation.’*® Galati and colleagues demonstrated that the observed effect is not limited to
resveratrol, but is rather typical for plant polyphenols when they come into contact with
peroxidases.!®* In a Chinese hamster ovary (CHO) cell line, resveratrol causes endogenous
oxidation and chromosomal insult at concentrations as low as 200uM.!" In intact peripheral
blood lymphocytes (PBL’s), a comet assay showed that DNA damage was induced by resveratrol
in the presence of Cu(Il) ions at much lower concentrations, i. e. 50uM.% More interestingly,
even in the absence of copper, resveratrol as well as epigallocatechin gallate (EGCG) from green
tea could still induce DNA fragmentation at concentrations greater than 200uM.™" In isolated
nuclei, the pro-oxidant nature of resveratrol relied on nuclear copper bound to chromatin that is
primarily comprised of DNA, RNA, and protein moieties.!! It is worthy to mention that the
essential role of copper ions was proved by reversal of DNA breakage in the presence of
neocuproine, a copper chelator.!" In a rat model, oral copper supplementation resulted in copper

accumulation in lymphocytes, which were then isolated and treated with resveratrol.'¥' An
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extensive DNA degradation served as an experimental proof that endogenous copper played a

critical role in resveratrol’s pro-oxidant behavior. ")
1.5. Metabolism of Resveratrol

The cytochrome P-450, heme-containing enzymes are responsible for xenobiotic
metabolism.'?2" In particular, enzymes CYP1A1l, CYP2A6, and CYP3A4 are selective in
metabolizing known classes of carcinogens such as aromatic hydrocarbons (PAHs).*?*¢ The
subsequent metabolites are activated pro-carcinogens that can interact with DNA. Overexpressed
P450 enzymes are found in breast, colon, and lung tumors of humans.?*9 The following
aromatic hydrocarbons (AH): benzo[a]pyrene (B[a]P), 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), and dimethyl-benz[a]anthrazene (DMBA) induce CYP1Al gene transcription by
binding to the aryl hydrocarbon (Ah) receptor causing nucleus translocation, CYP1Al gene
promotor interaction, and up-regulation of CYP1Al, mRNA, and proteins. Resveratrol was
shown to inhibit B[a]P, which activated the Ah receptor, from binding to the xenobiotic response
element of the CYP1A1 promotor gene.*?"

Contrary to these studies, resveratrol was also shown to act as an antagonist for the Ah
receptor.!? It is also capable of inhibiting CYP450 isozymes responsible with enzymatic
dealkylation processes. Thus, resveratrol was shown to inhibit the activation of CYP1Al and
CYP1A2, where CYP1Al is a key extrahepatic enzyme known for its critical role in
chemoprevention.'?¢ It was demonstrated that resveratrol can decrease o-dealkylation activity of
CYP1B1,*? and also can inactivate CYP3A4 in colon and liver cancers where this enzyme is
overexpressed.>™ From these inhibitory studies alone, resveratrol has clearly exhibited its direct,

interceptive role in isozyme suppression as related to attenuation of cancer cell proliferation.
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1.6. Bioavailability

Resveratrol absorption is most effective in humans by buccal administration (direct
absorption by visceral tissue of the oral cavity).'*® Due to its biotransformation and rapid
elimination, resveratrol reports suggest that it has extremely low bioavailability. Metabolic
reactions occur in the intestines and liver to generate, as conjugates, respective glucoronate and
sulfonate.*® Less than 5ng/mL of resveratrol was detected in blood, followed by an oral
ingestion of a 25-mg dose.'® High doses of resveratrol (2.5-5 @) vyielded low blood
concentrations and did not exhibit a chemotherapeutic effect,** however 3-5 g of a proprietary
formula, SRT-501 manufactured by Sirtris Pharmaceuticals was retained in the blood 5-8 times
longer and demonstrated the needed concentration to exert cancer prevention effects in animal

and in vitro studies.®

1.7. Availability of Resveratrol as a Dietary Supplement

Chronologically, first resveratrol supplements were derived from desiccated, ground grape
skins and seeds.!® Most supplements marketed in the United States today are made from
Japanese knotweed root (Polygonum cuspidatum), as well as grape skin or red wine extracts.
Doses of resveratrol in a single-pill form can range from 100 to 500mg. Safe and effective doses

for human disease prevention remain unknown.4

1.8. Conclusion
From a public health perspective, it is paramount to inform the general public that
phytochemicals either consumed as supplements, extracts, or dietary sources, can have a

deleterious impact on human health. Research has amply demonstrated that many natural
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polyphenols have a dual nature, either by exhibiting genotoxic and estrogenic properties in vitro,
or by displaying anti-carcinogenic properties through either enzymatic inhibition, by acting as
antioxidants, or by inducing apoptosis in cancer cells. It is clear that genotoxicity of a variety of
phytoestrogens and their metabolites can work through different mechanisms and that further
investigations are warranted. To date, no long-term efficacy studies have been conducted on
phytochemicals of polyphenolic nature and their actual ability to prevent diseases. Hence,
investigators have yet to find safe and effective doses that could be recommended to the general
public.

In case of resveratrol, biological effects vary widely and further investigations are warranted.
Although a number of animal studies claim beneficial effects with supplementation, careful
considerations with regard to transferability of evidence from animals to human subjects are
needed. It is important to point out that animal tumors differ from those in humans, thus
conclusions made with regard to animal studies should not be automatically carried over and
presumed applicable, and beneficial, to humans. In today’s society, resveratrol is oOver-
abundantly consumed as a dietary supplement despite the facts that its undesirable biological
activities are well established, its metabolism is not fully understood, its bioavailability is
extremely low, and its close structural analogs are known to be carcinogens. The current project
was undertaken to shed light upon interaction of resveratrol with human enzymes located in
alimentary canal and to assess potential dangers that an average person is exposed to because of

the uncontrolled consumption of resveratrol supplements.

13



Il. RESULTS AND DISCUSSION

2.1. Introduction

Endogenous enzymes are capable of carrying out a multitude of biochemical transformations
such as the conversion of food to energy, elimination of waste products, and the breakdown of
drugs or supplements that we take. Among them, cytochrome P450 enzymes abbreviated as CYP
are intended — by design — to conduct some of the most complex enzymatic reactions that take
place inside the human body. Our project on resveratrol 1 was intended to study enzymatic
transformations by human CYP450 enzymes located in alimentary canal. Prior studies by
Potter’s and Lucas’ research teams'®¢ revealed through HPLC and GC-MS analysis that
resveratrol 1 can undergo aromatic hydroxylation by cytochrome P450 CYP1B1 and CYP1A2,
forming three major metabolites: M1 (proposed to be 3,4,5,4'-tetrahydroxystilbene), M2
(piceatannol 7, Fig. 3), and M3, a minor unknown metabolite, proposed to be a dihydroxylated
derivative 3,4,5,3',4'-pentahydroxystilbene. The molecule of piceatannol 7 contains hydroxyl
groups, which are positioned next to each other, making them susceptible to oxidation to
carcinogenic ortho-quinones.’® To assess how common this problematic ortho-hydroxylation is
among enzymes lining the alimentary canal, we identified 12 of them which were commercially
available at the commencement of this project: CYP2C19, CYP2D6, CYP3A5, CYP4F3A,
CYP2EL, CYP2C18, CYP3A4, CYP1Al, CYP2A6, CYP2C9, CYP2CS8, and CYP4F12. The
enzymes thus chosen span the human digestive tract and vary from each other by the level of
expression. All of them were tested with resveratrol 1 acting as an enzymatic substrate, while
piceatannol 7 was screened with CYP1AL enzyme to test its ability to undergo a secondary

oxidation to its respective ortho-quinone.
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Figure 3. Chemical structure of piceatannol 7 (PIC).

The initial stage of the project consists of optimizing HPLC conditions for sufficient
separation of resveratrol 1 and piceatannol 7. There were numerous HPLC parameters that
needed to be standardized such as flow rate, injection volume, sample preparation, solvent in
which sample is dissolved, sample concentration, and composition of eluent. The only setting
that remained constant was the wavelength controlled by the diode array detector (DAD). Both
substrate and its hydroxylated derivative were detectable at 320nm with the reference absorption
being set at 360/100nm. The flow rate was adjusted accordingly from 0.8 to 1.0 mL/min
dependent on retention time ranges and peak separations. The injection volumes were adjusted
based on sample type in order to minimize peak intensity. Reference samples were typically
chosen between 1-10 microliters dependent upon the sample concentration in order to avoid
column overload. All enzymatic samples had a standardized injection volume of 30 microliters
because of low end-product concentrations. We experimented with several options for the
isocratic mobile phase delivery: single (pre-mixed) versus dual solvent bottle delivery of various
ratios of filtered acetonitrile and deionized water. System maintenance protocols were paramount
to ensure optimal system performance: end-of-day needle washes and column flushes, as well as

a reversal of solvent elution were routine operations in this project. Preparations of fresh mobile
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phase solutions were rigorously mixed and allowed to reach room temperature prior to daily

HPLC consecutive injections.

Developing conditions for HPLC analysis of authentic, reference samples and enzymatic
stock solutions. HPLC analysis of resveratrol 1. Resveratrol 1 reference samples were needed to
determine retention times under optimized HPLC analytical conditions. Systematic reference
sample runs were conducted on a weekly basis to check for reproducibility of retention time
results prior to running enzymatic-related samples. To prepare a reference solution,
commercially available resveratrol 1 (4.6mg, 0.02mmol) was dissolved in acetonitrile : deionized
H20, 1 : 3 (20mL, v/v). This ratio was analogous to the HPLC analytic conditions under isocratic
mobile phase (Figure 4). For enzymatic samples, the solvent composition was chosen as
acetonitrile : deionized H20, 1 : 1 (6mL, v/v), that mimicked the solvent composition of the
enzymatic reaction mixture. Originally, we prepared stock solutions with acetonitrile during
preliminary trials, and later chose dimethyl sulfoxide (DMSO) as the exclusive medium for all
enzymatic reactions. Hence, the stock solution consisted of resveratrol 1 (4.6 mg, 0.02 mmol)
dissolved in 20mL of anhydrous DMSO (99.99% purity). Round-bottom flasks containing
DMSO stock solutions were stored under refrigerated conditions initially, then later kept at room
temperature covered with foil when not in use. The reason was that DMSO (mp 19°C) froze
under refrigerated conditions, hence it was more efficient to store the solution under room
temperature while conducting enzymatic reactions as the defrost step could be completely
eliminated. Visual inspections of stock solutions related to color changes (from clear to clear
yellow) were conducted prior to all enzymatic screenings. A color change signified stock

solution decomposition, therefore fresh stock solutions were prepared if color changes were
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noted. Retention times for resveratrol 1 were around 9 minutes (Figure 4), however fluctuations

in elution times were not uncommon given the state of the column, its “age,” and number of

parameters related to prior HPLC separations.
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Figure 4. HPLC chromatogram of resveratrol 1 (1mM; solvent: acetonitrile : deionized H20, 1 :
3, vlv; column: Zorbax SB-C18 reversed phase; dimension: 4.6 x 150mm, 5-micron; flow rate:
ImL/min; injection volume = 5uL; run time = 14min.; t, =8.91min).

HPLC analysis of piceatannol 7. Commercially available piceatannol 7 was dissolved in a

mixture of acetonitrile : deionized H;0O, 1 : 3 (v/v), and analyzed by HPLC on a weekly basis to

determine its retention time and to check system performance. Similar to resveratrol, the solvent

composition ratios were varied to determine ideal elution rates and retention times for this

substrate. For enzymatic reactions, piceatannol 7 (2.3mg, 0.009mmol) was dissolved in DMSO

(10mL) and solutions were kept at ambient temperatures.

To determine relative retention times for resveratrol 1 and piceatannol 7 within the same

sample, an equimolar mixture was prepared by dissolving piceatannol 7 (12.2mg) and resveratrol

1 (11.4mg) in 6mL acetonitrile : deionized H2O, 1 : 1 (v/v). This ratio mimicked the solvent



composition of the enzymatic reaction. Final optimized HPLC conditions were as follows: (1)
1.0mL/min flow rate by a quaternary pump; (2) diode array detector (absorbance) signal of
320nm / reference 360nm, 100 nm; (3) injection volume - 30uL for all crude and pumped
samples (excluding authentic, spiked, stock solution, and equimolar samples); and (4) single-
bottle delivery of an isocratic mobile phase of acetonitrile : deionized water, 1 : 3, v/v. Under
these conditions, a comfortable, 3-min separation was achieved between piceatannol 7 and

resveratrol 1 (5.85 and 8.80 min, respectively; Fig. 5).
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Figure 5. HPLC chromatogram of the co-injection of piceatannol 7 and resveratrol 1 (dissolved
in acetonitrile : deionized H.0O, 1 : 3, v/v; column: Zorbax SB-C18 reversed phase; dimension:
4.6 x 150mm, 5-micron; flow rate: 1mL/min; injection volume = 5uL; run time = 14min;
piceatannol t; = 5.85min, resveratrol tr = 8.80min).

HPLC analysis of piceatannol-derived ortho-quinone 8. Previously unknown piceatannol

ortho-quinone 8 (Pic-Q; Figure 6) was synthesized in our laboratory by chemical means and

structurally characterized by a totality of analytical methods (Subchapter 2.3). Under the
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Figure 6. Chemical structure of piceatannol ortho-quinone 8 (Pic-Q).
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Figure 7. HPLC chromatogram of a crude mixture of piceatannol-ortho-quinone 8 (dissolved in

dry acetone, 99.9%; column: Zorbax SB-C18 reversed phase; dimension: 4.6 x 150mm, 5-

micron; flow rate: ImL/min; injection volume = 1uL; run time = 14min; piceatannol-o-quinone
8, tr = 6.22min).
standardized HPLC protocol, retention time for piceatannol ortho-quinone 8 was found to be

6.22min (Figure 7). The separation between piceatannol 7 and piceatannol ortho-quinone 8 was
less than a minute, but still sufficient for qualitative and quantitative identification of both
compounds. Reproducibility of said HPLC separations was checked by repeating injections of all

three compounds in an individual form, as well as in a mixture. Certain fluctuations in retention
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times were observed without compromising our ability to analyze the product distribution in

enzymatic reactions.

2.2. Enzymatic transformations of resveratrol induced by human enzymes

Cytochrome CYP P450 enzymes are numerous in the human digestive tract, each responsible
for metabolizing compounds like drugs, pesticides, toxins, or xenobiotics. Every enzyme is
expressed in one or more organ systems and most of them are commercially available in the
United States. Depicted in Figure 8 are human enzymes located in our alimentary canal along
with their relative expressions.*>® Out of those shown, twelve enzymes were chosen for screening
with resveratrol 1 as a substrate in order to probe their ability to carry out an ortho-hydroxylation

reaction.

Standardized enzymatic reaction protocol. We selectively introduced an array of
cytochrome P450 isozymes to an aqueous medium mainly comprised of deionized water, a
neutral buffer, nicotinamide adenine dinucleotide (NAD) reductase coenzymes, and a prepared
stock solution, resveratrol in DMSQO. This enzymatic mixture underwent incubation for 1 hour at
at 37 °C, then an equivalent volume of acetonitrile was added to each reaction vial (in triplicate)
to denature the enzyme. The mixtures were placed on ice for 30 minutes, then centrifuged for 20
minutes. The filtered supernatant served as the crude sample and was analyzed on the same day
by HPLC.

In some instances, we chose to “spike” crude samples with the authentic sample of
piceatannol 7 in order to confirm its presence in crude samples. In other instances, we prepared

so-called “pumped” samples by evacuating crude mixtures under reduced pressure for 14 hours,
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Figure 8. Alimentary CYP450 human enzymes and their allocated, multi-organ expressions.
Courtesy of Dr. Gagik Melikyan, Guilty Until Proven Innocent: Antioxidants, Foods,
Supplements, and Cosmetics.'*°

then re-dissolving them in a small volume of acetonitrile and deionized water mixture (300uL; 1
: 3). This composition was optimized — empirically — to dissolve piceatannol 7, not resveratrol 1
in order to allow for detection of minute quantities of the former in the presence of much larger
concentrations of the starting material. A noteworthy point to mention here is that enzymatic

reactions require certain components in order to initiate the reaction. If a catalyst, reductase

cofactor NADPH, or the substrate were absent in the enzymatic mixture, these reactions would
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simply not occur. We conducted a set of control experiments with the omission of one or more

enzymatic components in order to confirm their functionality in enzymatic processes.

Special handling protocol and storage conditions for cytochrome P450 enzymes. The main
concerns about enzymatic handling were to minimize freeze-thaw cycles (to preserve catalytic
activity), to minimize time-temperature abuse, and prevent cross-contamination. Upon obtaining
a minute quantity of each enzyme from a micro syringe, delicate mixing techniques to ensure
homogeneity were applied by means of light, consecutive finger-tapping (x10) against the
reaction vial, and for some enzymes, where a precipitate was visually present, the use of swirling
and mixing with a sterile, syringe tip. Possible end products, namely ortho-quinones that may
result from secondary enzymatic transformations are known to be light-, heat-, and oxygen-
sensitive, and special care was used to minimize these effects by aluminum “sheeting” and
environmental light reduction. All enzymes, crude, spiked, and pumped samples were stored
securely in designated vials that were wrapped tightly with parafilm and stored upright in clearly

labeled storage bins under deep freezer conditions (-82 °C).

Screening of CYP2C19 with resveratrol 1.

Enzyme CYP2C19 is primarily expressed in the liver and is involved in the metabolism of at
least 10 percent of widely prescribed drugs, such as Plavix, an anticoagulant (Figure 9). The
CYP2C19 enzyme chemically modifies Plavix into its active form in order for the drug to
function. The active form of the drug curtails a receptor protein, P2RY12 which is located on
platelet surfaces. During blood aggregation, P2RY12 assists platelets to conglomerate to form a

clot in order to attenuate blood loss and isolate damaged vessels.'% The CYP2C19 enzyme is

22



also involved in polyunsaturated fatty acid (PUFA) oxidation and arachidonic acid (AA)

metabolism. 160
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Figure 9. CYP2C19 mapping diagram of enzymatic expression in human organ systems.

An enzymatic reaction with resveratrol 1 was carried out according to the standard protocol,
and the crude mixture, upon denaturing the CYP2C19 enzyme with acetonitrile, was analyzed by
HPLC (Figure 10). No piceatannol 7 was detected; a low-intensity peak at ~3.5min can be
ignored since the HPLC analysis of crude enzymatic mixtures frequently contain peaks with the
retention times lower than 4min, representing most likely denatured enzymes. To check the
retention of piceatannol 7 in this particular chemical environment, the crude mixture was spiked
with an authentic sample and analyzed by HPLC (Figure 11). The observed retention time of

4.57min was consistent with model studies (Figure 5). In contrast to gas chromatography (GC),
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Figure 10. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP2C19 enzymatic
reaction (acetonitrile : deionized H2O, 1 : 1, v/v; column: Zorbax SB-C18 reversed phase;
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30uL; run time =
14min; no piceatannol present; resveratrol t; = 7.53min).
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Figure 11. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP2C19 enzymatic
reaction spiked with piceatannol 7 / 2 drops (acetonitrile : deionized H20, 1 : 1, v/v; column:
Zorbax SB-C18 reversed phase; dimension: 4.6 x 150mm, 5-micron; flow rate: 1mL/min;
injection volume = 30pL; run time = 14min; piceatannol t, = 4.57min, resveratrol t, = 7.26min).
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in HPLC analyses retention times are more susceptible to fluctuations caused by other chemical
components present in the enzymatic mixture. In this particular case, both resveratrol 1 and
piceatannol 7 exhibited somewhat lower retention times, 7.26min vs 8.80min for the former, and
4.57min vs 5.85min for the latter. It is noteworthy, that despite a faster elution, critical separation
of ~3min between both components is still preserved allowing for a reliable qualitative
identification.

The fact that no conversion was observed indicates a mismatch between resveratrol 1 and
CYP2C19 enzyme. For any substrate to be functionalized by an enzyme, certain steric,
electronic, conformational, and coordination requirements must be meet. An organic molecule
needs to enter an enzyme cavity, to coordinate, usually via hydrogen bonds, with select functions
on the enzyme wall, and then to undergo a multistep chemical transformation resulting in
different synthetic outcomes, i. e. hydroxylation, hydrogenation, oxidation, aromatization,
reduction, decarboxylation, and cyclization. Within this project, screening of resveratrol 1 with
other CYP450 enzymes revealed cases of mismatch when no hydroxylation product was
detected, and those of an excellent match when a sizable fraction of the starting material

underwent conversion to piceatannol 7, a product of site-selective aromatic hydroxylation.

Screening of CYP2D6 with resveratrol 1.

Enzyme CYP2DG6 is involved in processing and elimination of about 25% of xenobiotics by
altering functional groups usually by dealkylation, demethylation, or hydroxylation reactions.*’
CYP2D6 is mostly expressed in the liver with lesser presence in a mouth cavity and small
intestines (Figure 12). Pharmacologically, enzyme CYP2D6 is involved in the metabolism of

Bufuralol (blood pressure medication) by hydroxylation'”™ and opioid codeine metabolism by O-
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demethylation.’ It is worthy to mention that CYP2D6 expression is dependent on genetic
variations, ethnicity, and individual CYP2D6 metabolic orientation whereas some people
expedite drug elimination due to high CYP2D6 expression (ultra-rapid metabolizers), while
others are poor (low CYP2D6) metabolizers. The negative effects are a decrease in a drug’s

action in fast metabolizers versus toxicity in slow metabolizers.*’™
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Figure 12. CYP2D6 mapping diagram of enzymatic expression in human organ systems.

An enzymatic reaction with resveratrol 1 was carried out according to the standard protocol,
and the crude mixture, upon denaturing the CYP2D6 enzyme with acetonitrile, was analyzed by
HPLC (Figure 13). No piceatannol 7 was detected after careful screening of the HPLC

chromatogram. We speculated that had piceatannol 7 been present in this sample, it might have
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eluted out at approximately 5 minutes. Hence, we spiked the crude mixture with an authentic
sample of piceatannol 7 with a resultant signal intensity appearing at 5.52 min (Figure 14). A
target 3-minute peak separation between both compounds was maintained with retention times
(piceatannol 7 5.52min; resveratrol 1 8.57min) being quite close to those established in
preliminary model studies (Figure 5: piceatannol 7 5.85min; resveratrol 1 8.80min). By peak
intensity, piceatannol 7 was approximately half that of resveratrol 1 and exhibited mild
shouldering (broadening on one side of peak base), but overall the “spiking” experiment was
reliable in determining that no hydroxylation reaction took place in the course of the enzymatic
treatment. The fact that CYP2D6 enzyme is known to carry out hydroxylation of p-tyramine to
dopamine!™ does not mean that the said oxidation reaction would occur with any phenolic

compound. The matching substrate must effectively fit into the enzyme pocket and coordinate
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Figure 13. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP2D6 enzymatic
reaction (acetonitrile : deionized H2O, 1 : 1, v/v; column: Zorbax SB-C18 reversed phase;
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30uL; run time =
10min; resveratrol, t: 6.53min; no piceatannol present).
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Figure 14. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP2D6 enzymatic
reaction spiked with piceatannol 7 / 10 drops (acetonitrile : deionized H,O, 1 : 3, v/v; column:
Zorbax SB-C18 reversed phase; dimension: 4.6 x 150mm, 5-micron; flow rate: 1mL/min;
injection volume = 5uL; run time = 12min; piceatannol t, = 5.52min, resveratrol tr = 8.57min).

with “the right” amino acids, thus triggering the enzymatic machinery. Resveratrol is quite
different — geometrically, functionally, topologically — from p-tyramine and Bufuralol, two

substrates to undergo hydroxylation with CYP2D6 enzyme. This might be the reason why the

formation of piceatannol 7 was not observed by us in a CYP2D6-induced enzymatic reaction.

Screening of CYP3AS5 with resveratrol 1.

Enzyme CYP3AS5 is expressed in the liver, small intestine, transverse/ascending colon,
cecum, and stomach (in descending order) (Figure 15). The CYP3A subfamilies are well-known
heme-thiolate monooxygenases and play a crucial role in the NADPH-driven electron transport
pathway in the liver. Fatty acids, steroids, and xenobiotics are all oxidized by CYP3AS5, despite
not having structural similarities.’® CYP3AGS is also involved in testosterone metabolism by 6p-

hydroxylation*® and participates in dimerization reactions.'® This subfamily is one of the most
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resourceful of all the metabolic systems in drug clearance, eliminating 37% of 200 frequently

ordered drugs in the U.S.28
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Figure 15. CYP3A5 mapping diagram of enzymatic expression in human organ systems.

An enzymatic reaction with resveratrol 1 was carried out according to the standardized
protocol, and the crude mixture, upon denaturing the CYP3A5 enzyme with acetonitrile, was
analyzed by HPLC under standard conditions (Figure 16). An arrow shown where piceatannol 7
peak would likely appear, making CYP3AS5 the third enzyme, along with CYP2C19 and
CYP2D6, that did not catalyze ortho-hydroxylation reaction, thus leaving resveratrol 1 intact. To
further ensure the absence of piceatannol 7 in the reaction mixture, the spiking with an authentic

sample was applied. The process has proven to be quite delicate, since given the nanomolar
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amounts of substrates used, it is quite easy to over-“titrate” the crude mixture, delivering
amounts of piceatannol 7 much larger than that of requisite resveratrol 1. Preliminary analysis of
the test sample concentration coupled with the precise delivery of the authentic sample was
practiced many times over in order to master the “spiking” procedure. This technique was by far
one of the most challenging parts of the project, since over-“titrating,” at times, ruined the whole
enzymatic reaction. The reaction time observed for resveratrol 1 (6.75min; Figure 16) was much
lower than the reference numbers in model studies (8.80min, Figure 5; 8.91min, Figure 4),
reflecting an impact of multiple components present in the crude enzymatic mixture. In the
“spiked” sample (Figure 17), piceatannol 7 and resveratrol 1 were observed at 4.33 and 7.08min,

respectively.
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Figure 16. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP3A5 enzymatic
reaction (acetonitrile : deionized H2O, 1 : 3, v/v; column: Zorbax SB-C18 reversed phase;
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30uL; run time =
14min; no piceatannol 7 present; resveratrol 1 t; = 6.75min).
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Figure 17. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP3A5 enzymatic
reaction spiked with piceatannol 7/2 drops (acetonitrile : deionized H>O, 1 : 1, v/v; column:
Zorbax SB-C18 reversed phase; dimension: 4.6 x 150mm, 5-micron; flow rate: 1mL/min;
injection volume = 30pL; run time = 14min; piceatannol 7 t; = 4.33min, resveratrol 1 t; =
7.08min).

Screening of CYP4F3A with resveratrol 1.

Enzyme CYP4F3A is primarily expressed in the esophagus, tongue, and liver, as well as
similarly expressed in the pancreas and small intestine (in descending order; Figure 18).
Chemically, CYP4AF3A is involved in PUFA (AA) metabolism,’® very long-chain fatty acid
(VLCFA) metabolism by w-oxidation,*® and facilitates «-hydroxylation in leukotriene Bq
synthesis (inflammatory marker).'® These monooxygenases are also responsible for lipid
synthesis (cholesterol, FA, and steroid) and drug metabolism. %

An enzymatic reaction with resveratrol 1 was carried out according to the standardized
protocol, and the crude mixture, upon denaturing the CYP4F3A enzyme with acetonitrile, was

analyzed by HPLC to indicate, for the first time, the presence of minute amounts (1%) of

piceatannol 7 (PIC : RV, 1 : 99; Figure 19). To confirm that piceatannol 7 is in fact present, the
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Figure 18. CYP4F3A mapping diagram of enzymatic expression in various organ systems.
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Figure 19. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP4F3A enzymatic

reaction (acetonitrile : deionized H.O, 1 : 1, v/v; column: Zorbax SB-C18 reversed phase;

dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30puL; run time

12min; piceatannol 7 t. = 5.13min, resveratrol 1 t; = 7.55min).
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Figure 20. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP4F3A enzymatic
reaction spiked with piceatannol 7 / 2 drops (acetonitrile : deionized H2O, 1 : 1,v/v; column:

Zorbax SB-C18 reversed phase; dimension: 4.6 x 150mm, 5-micron; flow rate: 1mL/min;
injection volume = 5puL; piceatannol 7 tr = 5.53min, resveratrol 1 t. = 8.59min).
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Figure 21. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP4F3A enzymatic
reaction: “pumped” sample (acetonitrile : deionized H20, 1 : 3, v/v); column: Zorbax SB-C18
reversed phase; dimension: 4.6 x 150mm, 5-micron; flow rate: 1mL/min; injection volume =
30pL; run time = 14min; piceatannol 7 t, = 4.77min, resveratrol 1 t, = 8.32min).
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crude mixture was spiked with two drops of an authentic sample. The elution profile
demonstrated heightened signal intensity at 5.53min with only a 0.4-minute signal shift to the
right showing an ideal 3-minute peak separation between requisite resveratrol 1 (8.59min) and
piceatannol 7 (5.53min; Figure 20).

For low-conversion biotransformations, we also developed an amplification technique that
allows for an increase in the concentration of piceatannol 7 in an analyte due to the differences in
solubility between resveratrol 1 and its hydroxylated metabolite. Thus, 1 mL aliquot of the crude
sample was evaporated to dryness (14hrs) under a reduced pressure (Schlenk line vacuum),
treated with an empirically optimized mixture of acetonitrile : deionized water (1 : 3; 300 uL),
and stirred by hand using an inverted melting point capillary tube to dissolve any remaining
visible solids. The HPLC elution profile demonstrated the heightened peak intensity of
piceatannol 7 (4.77min) and dramatically reduced peak of resveratrol 1 (8.32min; Figure 21).
This experiment affirmed resveratrol’s biotransformation into piceatannol 7 catalyzed by

CYP4F3A, and the successful peak amplification of the metabolic derivative.

Screening of CYP2E1 with resveratrol 1.
CYP2EL1 is expressed primarily in the liver (Figure 22) and involved in some 4% of known
P450-mediated drug oxidations.?% It carries out the w-hydroxylation of endogenous fatty acid

20b a5 well as bioactivates

such as arachidonic acid, and epoxidation of eicosatetraenoic acids,
common anesthetics, including acetaminophen, halothane, enflurane, and isoflurane.?
Biosynthesis of CYP2E1 is induced by a variety of small organic molecules such as benzene,?%

toluene,®® acetone,?® ethanol, and tobacco.?®™ Ironically, CYP2E1 is responsible for

hepatotoxicity of drugs and can generate reactive oxygen species (ROS) resulting in lipid
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peroxidation, DNA and RNA oxidation.?%® Another important reaction that CYP2E1 is involved

in is the transformation of ethanol to acetaldehyde to acetate (alcohol metabolism), where it

20f

metabolizes with alcohol and aldehyde dehydrogenases.
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Figure 22. CYP2E1 mapping diagram of enzymatic expression in human organ systems.

An enzymatic reaction with resveratrol 1 was carried out according to the standardized
protocol, and the crude mixture, upon denaturing the CYP2E1 enzyme with acetonitrile, was
analyzed by HPLC to indicate the presence of small quantities (2%) of the hydroxylation
metabolite, piceatannol 7 (PIC : RV, 2 : 98; Figure 23). To confirm its presence, the crude
mixture was spiked with an authentic sample of piceatannol 7; also, the amplification technique
was used to further confirm the formation of resveratrol-derived metabolic product. The low

conversion thus observed allows us to predict that CYP2E1 most probably would play a minimal
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role in metabolizing resveratrol that can be introduced into the human body either as a

component in red wine, or as a supplement.
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Figure 23. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP2E1l enzymatic
reaction (acetonitrile : deionized H.O, 1 : 1, v/v; column: Zorbax SB-C18 reversed phase;
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30uL; run time =
14min; piceatannol 7 t; = 5.17min, resveratrol 1 t; = 8.17min).

Screening of CYP2C18 with resveratrol 1.

Enzyme CYP2C18 is primarily expressed in the liver and is involved in drug and pesticide
metabolism (Figure 24).%! This enzyme possesses an epoxygenase activity, allowing it to
sequester very long chain fatty acids (VLCFA) at their double bonds, yielding respective
epoxides. Other metabolic activities include the conversion of arachidonic acid (AA) to
epoxyeicosatrienoic acid (EET), linoleic acid to vernolic and coronaric acids (both toxic products
that have been shown to cause multi-organ failure and respiratory complications in animals),?*°

docosohexaenoic acid to epoxydocosapentaenoic acids (EDP’s), and lastly, eicosapentaenoic

acid to a number of epoxyeicosatetraenoic acids (EEQ’s).?1¢®
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Figure 24. CYP2C18 mapping diagram of enzymatic expression in human organ systems.

An enzymatic reaction with resveratrol 1 was carried out according to the standardized
protocol, and the crude mixture, upon denaturing the CYP2C18 enzyme with acetonitrile, was
analyzed by HPLC to detect, for the first time, a high degree of metabolic hydroxylation (Figure
25). The ratio of resveratrol 1 to piceatannol 7 was equal to 5 : 95 with end-products maintaining
a 3-min separation gap, albeit under more expedient elution times (piceatannol t, = 4.14min,
resveratrol t, = 7.12min; control samples: Figure 5 piceatannol t, = 5.85min, resveratrol t; =
8.80min). Peak widths for both products were wider than usual and may be attributed to
fluctuations in mobile phase composition or possible column overload from previous sample
injections. Such a high conversion of resveratrol 1 to piceatannol 7 introduced by CYP2C18

enzyme could hardly be predicted based on its metabolic profile. Two major types of catalytic
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transformations reported for this enzyme have been an epoxidation of the double bond?* and
hydroxylation in a saturated carbon chain or allylic position, both involving sp®-hybridized
carbon atoms.?! Conversion of resveratrol 1 to piceatannol 7 includes an incorporation of a
hydroxyl group at sp?-hybridized aromatic carbon, the reaction which is quite different —
kinetically, thermodynamically, mechanistically — from the prior art. It is conceivable that within
the CYP2C18 enzyme, resveratrol 1 was able to activate coordination sites which are different
from those participating in epoxidation and hydroxylation reactions, as well as triggered the

participation of amino acids that tend to remain dormant with previously studied xenobiotics.
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Figure 25. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP2C18 enzymatic
reaction (acetonitrile : deionized H2O, 1 : 1, v/v; column: Zorbax SB-C18 reversed phase;
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30uL; run time =
14min; piceatannol 7 t; = 4.14min, resveratrol 1 t, = 7.12min).

Screening of CYP3A4 with resveratrol 1.

Enzyme CYP3A4 is primarily expressed in the liver and small intestine, as well as in

stomach and mouth cavity (in descending order; Figure 26). It is involved in hormone
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22b apoxidation of arachidonic acid,?*

metabolism by 6B-hydroxylation,??® vitamin A oxidation,
and breakdown of drugs such as Repaglinide (antidiabetic).??® This subfamily is responsible for
processing nearly half of the common drugs consumed today such as acetominophen (NSAID)
and erythromycin (antibiotic). This enzyme is unique since it not only contributes to
detoxification of xenobiotics, it also can bioactivate drugs to form respective active forms as a
result of an enzyme-induced metabolic reaction. Thus, blockbuster drug, tamoxifen, for breast
cancer treatment,?? is activated by an aromatic hydroxylation reaction which is of immediate
relevance to resveratrol-to-piceatannol conversion. The CYP3A4-induced oxidation converts

tamoxifen to 4-hydroxytamoxifen, a pharmacologically active compound with antiestrogenic

properties.?%
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Figure 26. CYP3A4 mapping diagram of enzymatic expression in human organ systems.
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An enzymatic reaction with resveratrol 1 was carried out according to the standardized
protocol, and the crude mixture, upon denaturing the CYP3A4 enzyme with acetonitrile, was
analyzed by HPLC to detect, for the second time, a high degree of metabolic hydroxylation
(Figure 27). The ratio of resveratrol 1 to piceatannol 7 was equal to 4 : 96. High rates of
conversion are indicative of how well this enzyme can metabolize resveratrol 1 to piceatannol 7,
a pro-carcinogen, with the heightened potential to further oxidize to piceatannol-derived ortho-
quinone, a suspect carcinogen. The chromatogram depicted a near 4-minute peak separation
between requisite substrate and its metabolite (resveratrol 1 t; = 8.96min; piceatannol 7 t; =
5.16min). The latter represented by a tall symmetrical peak has a retention time very close to that
observed in model studies (Figure 5: piceatannol 7 t; = 5.85min). It is noteworthy that CYP3A4

enzyme has a low substrate specificity that allows for a large number of chemical compounds,
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Figure 27. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP3A4 enzymatic
reaction (acetonitrile : deionized H,O, 1 : 1, v/v; column: Zorbax SB-C18 reversed phase;
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30puL; run time =
14min; piceatannol 7 t, = 5.16min, resveratrol 1 t; = 8.96min).
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natural products, and drugs to act as substrates and undergo chemical modifications.?" Besides
this, a variety of chemical compounds, either synthetic or natural, are known to act as CYP3A4
inhibitors, or inducers,?? further attesting to its remarkable ability to “accommodate” diverse
organic molecules. The hydroxylation reaction we discovered with CYP3A4 enzyme is
chemically analogous to previously reported activation of tamoxifen?? and a multitude of other

drugs that contain aromatic nuclei in their carbon framework.

Screening of CYP1AL with resveratrol 1.

Enzyme CYP1AL is expressed primarily in the esophagus and has low expression rates in the
liver and stomach (Figure 28). It participates in a number of metabolic reactions: O-dealkylation
of 7-ethoxyresorufin to its respective metabolite, resorufin, @ PUFA metabolism,*® and
flavonoid metabolism by O-demethylation.?® Also CYP1Al plays a critical role in Phase |
metabolism of polycyclic aromatic hydrocarbons (PAH), a known class of carcinogens.?3 Thus,
benzo(a)pyrene is oxidized by CYP1Al to benzo(a)pyrene-7,8-dihydrodiol-9,10-epoxide, ¢ a
proven carcinogen that is capable of reacting with DNA bases and causing a DNA strand
cleavage. The epoxidation reaction is most relevant to this project, since aromatic nuclei in PAH
act as a reaction site receiving an oxygen atom via an iron-induced organometallic reaction.

An enzymatic reaction with resveratrol 1 was carried out according to the standardized
protocol, and the crude mixture, upon denaturing the CYP1Al enzyme with acetonitrile, was
analyzed by HPLC to discover another case of highly efficient metabolic hydroxylation (Figure
29; resveratrol 1 : piceatannol 7, 3 : 97). The chromatogram had an excellent peak symmetry and

a 3-minute peak separation between substrate and metabolite (piceatannol 7 t. = 4.05min,
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Figure 28. CYP1A1 mapping diagram of enzymatic expression in human organ systems.
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Figure 29. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP1ALl enzymatic

reaction (acetonitrile :
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30pL; run time =
14min; piceatannol 7 t, = 4.05min, resveratrol 1 t; = 7.07min).

deionized H2O, 1 : 1, v/v; column: Zorbax SB-C18 reversed phase;
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resveratrol 1 t = 7.07min). The retention times observed are the lowest among a series of
enzymatic reactions studied, and might be caused by the presence of chemical components
derived from denatured enzyme, by aging column, or by fluctuating column pressure. Most
importantly, certain variations in retention times are derived from the very nature of high-
pressure liquid chromatography, and due to availability of both authentic samples, do not

compromise the reliability of qualitative identification of compounds involved.

Screening of CYP2A6 with resveratrol 1.

Enzyme CYP2AG6 is expressed primarily in the liver (Figure 30) and is responsible for
nicotine metabolism by means of a two-step reaction that involves the C-oxidation of nicotine to
cotinine (carbonylation reaction), followed by a 3'-hydroxylation to the end-product, trans-3'-
hydroxycotinine (hydroxylation at sp3-hybridized carbon, alpha to a keto function).?** Most
relevant to this project is the documented ability of CYP2A6 to carry out an aromatic
hydroxylation in different topological and functional settings. Thus, polychlorinated biphenyls
(PCBs) undergo an enzymatic 4'-hydroxylation at the aromatic nuclei and were banned as an
environmental pollutant in 1979 by U.S. Congress.?** The CYP2A6 enzyme also catalyzes the 7-
hydroxylation of coumarin; the oxidation process is of high efficacy, to the extent that formation
of 7-hydroxycoumarine is used as a probe for mapping, or discovery, of CYP2A6 enzyme in
human organs and tissues.?* Overall, the enzyme exhibits a remarkably wide substrate
selectivity, metabolizing a number of drugs, carcinogens, and natural and synthetic toxins.?*
Besides this, a large variety of chemical structures can act as CYP2A6 enzyme inhibitors or
inducers:*  drugs (antiarrhythmic, calcium channel blockers, opioids, antifungal,
anticonvulsants), natural extracts (flavonoids from grapefruit juice), aromatase inhibitors

(letrozole), and barbiturates (amobarbital, pentobarbital).
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Figure 30. CYP2A6 mapping diagram of enzymatic expression in human organ systems.

An enzymatic reaction with resveratrol 1 was carried out according to the standardized
protocol, and the crude mixture, upon denaturing the CYP2A6 enzyme with acetonitrile, was
analyzed by HPLC to discover another case of highly efficient metabolic hydroxylation (Figure
31; resveratrol 1 : piceatannol 7, 3 : 97). The certain fluctuation in retention times was observed
(piceatannol tr = 4.64min, resveratrol t- = 8.10min), albeit within the acceptable limits that still
allow for qualitative identification of the metabolic product. Whenever in doubt, spiking with an
authentic piceatannol 7 was routinely applied as additional proof that the metabolic conversion in
question has in fact taken place. Functionally and conformationally, resveratrol 1 has similarities
with CYP2A6 known substrates, in particular those with restricted rotations of aromatic rings

due to either conjugation with double bonds (coumarins), or steric repulsion between aromatic
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rings (biphenyls), or availability of positions 3’- and 4’- at aromatic nuclei to enzymatic
hydroxylation reactions. Given the analogy and a demonstrated ability of CYP2A6 to interact
with a wide spectrum of chemical compounds, either as substrates, or inhibitors, or inducers,?* it
does not come as a surprise that resveratrol 1 also undergoes functionalization by incorporating a

hydroxyl group in a 3’-position, ortho- to 4’-hydroxyl group.
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Figure 31. VVIV-7|PLC chromatogram of a crude mixture of resveratrol 1 + CYP2A6 enzymatic
reaction (acetonitrile : deionized H2O, 1 : 1, v/v; column: Zorbax SB-C18 reversed phase;
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30pL; run time =
14min; piceatannol 7 t; = 4.64min, resveratrol 1 t, = 8.10min).

Screening of CYP2C9 with resveratrol 1.

Enzyme CYP2C9 is expressed mainly in the liver (Figure 32) and metabolizes some 100
therapeutic agents. Aromatic hydroxylation is reported for diclofenac, a widely prescribed
nonsteroidal anti-inflammatory drug (NSAID).2% Warfarin (coumadin), a blood thinning drug, is
also metabolized by CYP2C9, although by a different mechanism, i. e. vicinal hydroxylation at

aromatic positions 6 and 7.2 Structurally, warfarin is analogous to resveratrol 1 containing two
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aromatic rings opposite to each other, with the internal double bond providing for rigidity due its
trans-configuration. Tetrahydrocannabinol (THC), the main psychoactive constituent of
cannabis, is also a suitable substrate for CYP2C9 enzyme and forms an active metabolite (11-
OH-THC) by allylic oxidation of its methyl group.?>* Epoxidation is another metabolic reaction
that can be induced by CYP2C9 enzyme. Thus, polyunsaturated fatty acids (PUFA), such as

arachidonic acid can undergo multiple oxidations involving allylic triads that in turn convert

25d, 21b

PUFAs to biologically active end-products.
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Figure 32. CYP2C9 mapping diagram of enzymatic expression in human organ systems.

An enzymatic reaction with resveratrol 1 was carried out according to the standardized
protocol, and the crude mixture, upon denaturing the CYP2C9 enzyme with acetonitrile, was

analyzed by HPLC to discover another case of an highly efficient metabolic hydroxylation
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(Figure 33; resveratrol 1 : piceatannol 7, 3 : 97). The retention times for both main components
(piceatannol 7 t; = 4.62min, resveratrol 1 t. = 8.09min) were close to those observed with
CYP2A6 enzyme (piceatannol 7 t = 4.64min, resveratrol 1 tr = 8.10min). A 3.4-minute
separation between enzymatic substrate and its metabolite was observed with exceptionally clean
peak symmetry (Figure 33). Among the enzymes studied so far, CYP2C9 constitutes the third
case within CYP2 family when hydroxylation was successfully effected (CYP2C18, CYP2AG,
CYP2C9). In contrast, with CYP2C19, we were not able to detect even trace amounts of
piceatannol 7 in the crude mixture, further underscoring the importance of intimate enzymatic

make-up for enzyme’s efficacy.
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Figure 33. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP2C9 enzymatic
reaction (acetonitrile : deionized H2O, 1 : 1, v/v; column: Zorbax SB-C18 reversed phase;
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30uL; run time =
14min; piceatannol 7 t; = 4.62min, resveratrol 1 t; = 8.09min).

Screening of CYP2C8 with resveratrol 1.

Enzyme CYP2C8 expressed primarily in the liver and to a much lesser extent in stomach

(Figure 34), is a participant of the “cytochrome P450 mixed-function oxidase system” and
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recruited for xenobiotic metabolism. CYP2C8 exhibits epoxygenase activity whereby it
processes long-chain PUFA’s such as arachidonic acid (AA), eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA), and linoleic acid (LA) into their respective epoxides.?® CYP2C8
enzyme also metabolizes the type 2 diabetes mellitus (T2DM) drug, repaglinide, in a series of
CYP-induced transformations such as aromatic hydroxylation (major metabolite), aromatic
amination (minor metabolite), and hydroxylation of the isopropyl moiety (minor metabolite).?
The presence of two aromatic rings in repaglinide and enzymatic hydroxylation at one of them
makes this reaction quite relevant to resveratrol-to-piceatannol conversion, increasing chances

for a successful enzymatic hydroxylation, or related oxidation reaction.
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Figure 34. CYP2C8 mapping diagram of enzymatic expression in human organ systems.
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An enzymatic reaction with resveratrol 1 was carried out according to the standardized
protocol, and the crude mixture, upon denaturing the CYP2C8 enzyme with acetonitrile, was
analyzed by HPLC to present another case of an efficient metabolic hydroxylation (Figure 35;
resveratrol 1 : piceatannol 7, 2 : 98). The retention times were beginning to optimize to the
authentic sample retention times we observed earlier, i. e. near 5min for piceatannol 7 and near
8min for resveratrol 1. By degree of conversion and retention times for main components, this
reaction is analogous to that of CYP2C9 (Figure 33), making it the fourth case of enzymes that

belong to CYP2 family and demonstrate a high efficiency in aromatic hydroxylation reactions.
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Figure 35. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP2C8 enzymatic
reaction (acetonitrile : deionized H,O, 1 : 3, v/v; column: Zorbax SB-C18 reversed phase;
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30uL; run time =
14min; piceatannol 7 t; = 4.52min, resveratrol 1 t; = 7.91min).
Screening of CYP4F12 with resveratrol 1.

Enzyme CYP4F12 is expressed in the esophagus, small intestine, and to a lesser extent, in the

stomach (Figure 36) and implied in metabolism of antihistamine drugs, Ebastine, Astemizole and
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Terfenadine.?’®® When expressed in yeast, this enzyme introduces a hydroxyl group in
arachidonic acid and related polyunsaturated fatty acids (allylic oxidation), although its
physiological significance has not been determined.?’® Thus, CYP4F12 is recruited to process
prostaglandin H2 (PGH2) and PGHL1 to their designated 19-hydroxyl analogs in a reaction that
may serve to reduce their activities.?’® Epoxidation is another enzymatic pathway that was
documented with CYP4F12 as an enzyme and omega-3 fatty acids acting as substrates. Some
epoxides such as epoxydocosapentaenoic (EDP) acid and epoxyeicosatetraenoic (EEQ) acid
exhibited a broad range of activities.?’®" In in vitro studies on human and animal tissues, as well
as in various animal models these fatty acid-derived epoxides decreased hypertension,
suppressed inflammation, inhibited angiogenesis, and positively impacted metastasis in breast

and prostate cancer cell lines.?’®
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Figure 36. CYP4F12 mapping diagram of enzymatic expression in human organ systems.
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An enzymatic reaction with resveratrol 1 was carried out according to the standardized
protocol, and the crude mixture, upon denaturing the CYP4F12 enzyme with acetonitrile, was
analyzed by HPLC to present another case of an efficient metabolic hydroxylation (Figure 37,
resveratrol 1 : piceatannol 7, 2 : 98; piceatannol 7 t; = 4.65min, resveratrol 1 t, = 8.05min).
Although CYP4F12 enzyme is known to effect the epoxidation reaction as well, the crude
mixture did not contain any metabolites, other than piceatannol 7, that could represent the
epoxide derived from an oxidation of the internal double bond connecting both aromatic nuclei.
Thus, the metabolic profile of CYP4F12 follows the same, highly regioselective profile of other

enzymes with an ortho-position of the aromatic ring being the only site of an oxidation reaction.

DAD1 E, Sig=%20 30 Ref=380,100 (JUENSENUJIO4D) s
— Piceatannol
! 8
-
‘l
s Pic:RV
; l 98:2
4 ‘ |
3] \
2 -1 ] ‘ ‘ \
| |
1 | | Resveratrol
’ I\ | \ ll 'll ga
0-r v "l' v ;— T—'* "*'7;’* ‘ T I_—H T T l
S 2 4 8 B 10 12 min

Figure 37. HPLC chromatogram of a crude mixture of resveratrol 1 + CYP4F12 enzymatic
reaction (acetonitrile : deionized H2O, 1 : 1, v/v; column: Zorbax SB-C18 reversed phase;
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30uL; run time =
14min; piceatannol 7 t, = 4.65min, resveratrol 1 t; = 8.05min).

The summary of enzymatic transformations of resveratrol 1 to piceatannol 7 is given in Table

1. A high degree of conversion was observed for seven CYP enzymes out of 12 studied in the
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course of this project. Given the fact that piceatannol 7 belongs to the class of ortho-
hydroquinones is a cause of concern from the standpoint of public health. Those active enzymes
are located in different positions throughout the alimentary canal and can generate piceatannol 7
inside the human body, which in turn can oxidize to respective ortho-quinones, a known class of

carcinogens.

Table 1. Metabolic transformations of resveratrol 1 by cytochrome P450 human enzymes.

Substrate + Enzyme

Metabolic Conversion

Resveratrol + CYP2C19

No product 0%

Resveratrol + CYP2D6

No product 0%

Resveratrol + CYP3A5

No product 0%

Resveratrol + CYP4F3A

Piceatannol 1%

Resveratrol + CYP2E1

Piceatannol 2%

Resveratrol + CYP2C18 Piceatannol  95%
Resveratrol + CYP3A4 Piceatannol  96%
Resveratrol + CYP1Al Piceatannol  97%
Resveratrol + CYP2A6 Piceatannol  97%
Resveratrol + CYP2C9 Piceatannol  97%
Resveratrol + CYP2C8 Piceatannol  98%
Resveratrol + CYP4F12 Piceatannol  98%

We consider these data to be preliminary. Additional experiments will be conducted in the

future to accomplish the following: (1) to check the reproducibility of enzymatic conversions by
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using enzymes from alternative commercial sources; (2) to develop an alternative method of
HPLC analysis using gradient elution protocol; (3) to modify HPLC conditions in such a way so
that a higher than 3-min separation can be achieved between the substrate and metabolite(s); (4)
to use Liquid Chromatography—Mass Spectroscopy (LC-MS) method to analyze crude enzymatic
mixtures so that the formation of piceatannol 7 would be independently confirmed by mass
spectroscopic analysis; (5) to scale-up enzymatic reactions and isolate milligram quantities of
metabolites on preparative HPLC column; and (6) to identify metabolites by using Nuclear
Magnetic Resonance (NMR) spectroscopy. In the course of this project, the main impediment
was the lack of reproducibility in different batches of commercial enzymes when ordered months
or years apart, or when the same enzymes were provided by different vendors. Another problem
was derived from the fact that enzyme producers are testing the quality of their products by not
using HPLC, but a UV-vis method. Intrinsically, the latter does not have the same level of
reliability as HPLC method when assessing model enzymatic reactions such as the formation of
resorufin from O-ethyl resorufin or hydroxytestosterone from the parent hormone. The reason is
that the UV-vis spectroscopy relies on broad absorption bands without actually “seeing” the
individual components as chromatographic peaks. As a result, in contrast to HPLC, no
qualitative or quantitative identification can be carried out for potential metabolites even if the
authentic samples are available either from commercial sources, or through the independent

synthesis.

2.3. Chemical transformation of piceatannol to piceatannol-ortho-quinone
Enzymatic studies on the secondary oxidation of piceatannol 7 to its respective ortho-

quinone 8 were preceded by an in-flask oxidation with manganese dioxide (Scheme 1). The goal
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was to develop a protocol for oxidation, followed by the isolation and structural characterization
of a target molecule. Having an authentic sample for ortho-quinone 8 would significantly
facilitate its detection in the crude mixture of an enzymatic reaction. The experimental protocol
involved treatment of piceatannol 7 with manganese dioxide in acetone under an empirically
optimized molar ratio of 1 : 9. The reaction progress was monitored by HPLC (2h, 20°C) with an
excess oxidant being removed by centrifugation, and the crude mixture being analyzed by NMR
and MS spectroscopy. The protocol developed by us is analogous to previously reported
oxidation of parent catechol to catechol-ortho-quinone by using silver(l) oxide or sodium
periodate.?® The formation of the product was confirmed by the pattern of hydrogen atoms
drastically changing with respect to that in piceatannol 7. Due to the formation of an ortho-
quinone unit, neighboring hydrogens undergo a significant downfield shift, acquiring, by NMR,
a typical appearance of o,fB-unsaturated ketones. The NMR *3C further confirmed the oxidation,
since carbonyl groups in carbon spectroscopy are located in the far-left domain of the spectral
window (C1, C2: 180.31, 180.99). Determining the molecular ion by mass spectroscopy proved
to be extremely challenging. In LIFDI (Laser-Induced Field Desorption lonization) analysis
which is considered to be one of the mildest and most benign, no molecular ion was observed.
An alternative ESI (Electron Spray lonization) method also failed. And only spiking the sample
with sodium ions in ESI analysis allowed us to observe the expected - albeit low intensity -
molecular ion MNa* 265.0469 (MNa* calculated - 265.0471). For comparison, piceatannol 7
exhibits a high intensity peak under analogous conditions.

The formation of quinone 8 occurs by a multistep mechanism according to which piceatannol
7 loses two hydrogen ions (H") and two electrons, while MnO2 acquires the total of two

hydrogen atoms (Scheme 2). The first step of the mechanism involves protonation of MnO2 with
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catechol moiety, forming phenolate ion 9 and oxidant-derived protonated form 10 (Scheme 2).
The subsequent addition of the phenolate ion 9, as a nucleophile, to the electropositive metal ion
completes an addition of a hydroxyl group across a manganese-oxygen double bond. The next
step is an intramolecular addition across the second doubly-bonded metal-oxygen bond with

hydrogen ion protonating Lewis base, followed by the cyclization step in bipolar intermediate
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12. A five-membered metalla-cycle 13 undergoes cleavage, either by radical, or ionic
mechanism, releasing ortho-quinone 8 and manganese(ll) hydroxide 14 (Scheme 2).

ortho-Quinone 8, a black solid, was found to be a relatively unstable compound: in solid
form, it undergoes a partial decomposition even after 5min at room temperature (newly formed
signals are visible in *H NMR spectrum). The major decomposition occurs after 30min at room
temperature, converting black solid into a partially purple substance. In acetone solution (red),
ortho-quinone 8 is stable at -15°C for 20 hours, or at -80 °C for 7 days. The purity can only be
determined by NMR since the red color of the quinone solution instantaneously disappears when
applied to silicagel. Development of TLC plate in acetone, as an eluent, did not show any mobile
organic spots indicating a rapid, and complete decomposition.

The HPLC analyses were carried out under the standard conditions that we developed for
resveratrol 1 and piceatannol 7 (Figure 5), as well as for piceatannol-ortho-quinone 8 (Figure 7).
The former was used as an internal standard and stability of quinone 8 at ambient temperatures
was monitored by HPLC (Figure 38). After each 10uL injection, the HPLC vial was placed in a
21°C water bath that was shielded with aluminum foil in order to minimize light exposure. The
HPLC vial was sealed with a septum, with a syringe tip inserted to provide access to oxygen.
Under standard conditions, ortho-quinone 8 eluted at 6.1-6.3min and its concentrations were
calculated with respect to resveratrol peak, assuming the reference compound was stable under
reaction conditions. Sampling was carried out at Oh, 18h, 26h, 42h, 67h, 91h, 116h, 141h, and
165h lapsed times (Figure 39-47). Quinone 8 became nearly non-detectable at 141h (Figure 46)
that was considered to be the end of the spontaneous decomposition reaction (Figure 38).

In the course of HPLC monitoring we discovered that with gradual decrease in quinone 8

concentration, that of piceatannol 7 steadily increases (Figure 38-47). At the beginning of the
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PIC-QUINONE 8 DECAY AS RELATED TO INTERNAL REFERENCE
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Figure 38. Progression of Pic-Q 8 decay with resveratrol 1 as an internal reference.
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Figure 39. HPLC monitoring of spontaneous degradation of Pic-Q 8 with resveratrol 1 as an
internal reference; lapsed time: 0 hours.
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Figure 40. HPLC monitoring of spontaneous degradation of Pic-Q 8 with resveratrol 1 as an
internal reference; lapsed time: 18 hours.
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Figure 41. HPLC monitoring of spontaneous dégr;adation of Pic_-Q 8 with resveratrol 1 as an
internal reference; lapsed time: 26 hours.
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Figure 42. HPLC monitoring of spontaneous-degradation of Pic-Q 8 with resveratrol 1 as an
internal reference; lapsed time: 42 hours.
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Figure 43. HPLC monitoring of spontaneous degradation of Pic-Q 8 with resveratrol 1 as an
internal reference; lapsed time: 67 hours.
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Figure 44. HPLC monitoring of spontaneous dégradation of Pic-Q 8 with resveratrol 1 as an
internal reference; lapsed time: 91 hours.
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Figure 45. HPLC monitoring of spohtaneous degradation of Pic-Q 8 with resveratrol 1 as an
internal reference; lapsed time: 116 hours.
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Figure 46. HPLC monitoring of spontén-eous dégradation of Pic-Q 8 with resveratrol 1 as an

internal reference; lapsed time: 141 hours.
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Figure 47. HPLC monitoring of spontaneous degradation of Pic-Q 8 with resveratrol 1 as an

internal reference; lapsed time: 165 hours.
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PIC-Q 8 DECAY VS. PIC 7 FORMATION
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Figure 48. Spontaneous disproportionation of Pic-Q 8 converting to Pic 7 over time span of 141
hours.

experiment (Figure 39), piceatannol 7 concentration was minimal (10%), while at 141h lapsed
time, conversion of ortho-quinone 8 to piceatannol 7 was complete (Figures 46, 48). In other
words, “decay” of ortho-quinone 8 is not a decomposition per se, but spontaneous
disproportionation requiring two molecules, with one of them undergoing reduction to
piceatannol 7 and the other one forming oxidized product, or products (Scheme 3). Careful
examination of the crude mixture by means of TLC and NMR indicated that more than one
oxidized products are formed, and their structural characterization can only be completed upon
scaling up the experiment, and isolation of polar compounds in a homogeneous form. The
disproportionation reaction profile, and its kinetics, remained the same even in the absence of

resveratrol 1, as an internal standard. Literature search revealed that there is only one case of
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disproportionation reported for ortho-quinones.?® Carnosic acid quinone converts to four
hydroquinones — carnosic acid, 7-O-methylrosmanol, carnosol, and rosmanol — when heated in
methanol at 60°C for 2h, or in acetonitrile/water at 37°C for 5h. Among ortho-hydroquinones,
most relevant to our finding is carnosic acid which was used as substrate in iron(l11)-mediated

oxidation to the respective ortho-quinone.?

OH
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spontaneous
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reaction unidentified
2 > + oxidized
acetone N compounds
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8 7
Scheme 3.

2.4. Enzymatic transformation of piceatannol to piceatannol-ortho-quinone
Screening of CYP1A1 with piceatannol 7.

As indicated in the section on RV metabolism with CYP1A1l, this enzyme is expressed
primarily in the esophagus and has much low expression rates in the liver and stomach (for
convenience, Figure 28 is repeated below). It is known to participate in a number of oxidative
reactions, such as O-dealkylation of 7-ethoxyresorufin,?® allylic hydroxylation of
polyunsaturated fatty acids (PUFA),'*® O-demethylation in flavonoids,?®® and epoxidation of
polycyclic aromatic hydrocarbons (PAH), such as benzo(a)pyrene.?* With resveratrol 1 as a
substrate, with CYP1Al we observed a high degree of conversion to ortho-hydroxylated
piceatannol 7 (Figure 29). It was of utmost importance to find out if the latter, when
independently exposed to CYP1ALl, could undergo a secondary oxidation to piceatannol-ortho-

quinone 8 (Scheme 1). The availability of the authentic sample synthesized from piceatannol 7
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Figure 28. CYP1A1 mapping diagram of enzymatic expression in human organ systems.

by chemical means (subchapter 2.3) significantly facilitated screening and detection of target
compound in the crude product. Enzymatic reaction with piceatannol 7 was carried out according
to the standardized protocol, and the crude mixture, upon denaturing the CYP1A1l enzyme with
acetonitrile, was analyzed by HPLC (Figure 49). Along with piceatannol 7 (tr = 4.30min), the
formation ortho-quinone 8 was observed (t; = 6.35min) with the ratio of Pic : Pic-Q equal to 17 :
83 (Figure 49). The observed retention time (tr = 6.35min) is fully consistent with prior HPLC
analyses of an authentic sample [Figures 39-47: t, = 6.15-6.29min; t, (average) = 6.23min],
allowing with a great deal of certainty to conclude that CYP1AL enzyme successfully converted
piceatannol 7 to ortho-quinone 8. The said reaction has significant practical ramifications since

we established that first, resveratrol 1, being introduced as a supplement, or a red wine
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Figure 49. HPLC chromatogram of a crude mixture of piceatannol 7 + CYP1Al enzymatic
reaction (acetonitrile : deionized H.O, 1 : 1, v/v; column: Zorbax SB-C18 reversed phase;
dimension: 4.6 x 150mm, 5-micron; flow rate: ImL/min; injection volume = 30uL; run time =
14min; piceatannol-ortho-quinone 8 tr = 6.35min, piceatannol 7 t. = 4.30min).

component, into the human body can be oxidized to piceatannol 7 by a multitude of enzymes
(Table 1), and second, the latter can undergo a “deeper” oxidation to ortho-quinone 8, a
representative of the class of known carcinogens.?® Although only CYP1A1 enzyme located in
esophagus, liver, and stomach, was tested so far, it is conceavable that some other CYP enzymes
(Table 1) will also be able to induce the same conversion, thus generating the carcinogenic

compound all over the human body, at the sites where CYP enzymes are known to be expressed

(Figure 8).

2.5. Conclusion
In the course of this study we established that cytochrome P450 enzymes are capable of
converting resveratrol to its ortho-hydroxylated derivative, piceatannol, and piceatannol to its

carcinogenic derivative, piceatannol ortho-quinone. Among 12 commercially available enzyme
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preparations, seven of them ortho-hydroxylated resveratrol with high conversion rates:
(CYP2C18, 95%; CYP3A4, 96%; CYPL1AL, 97%; CYP2A6, 97%; CYP2C9, 97%; CYP2CS;
98%; CYP4F12, 98%). Enzyme CYP1A1 was able to convert piceatannol to its oxidized form,
piceatannol ortho-quinone that belongs to the class of organic carcinogens, ortho-quinones.
Feasibility of piceatannol oxidation to the respective ortho-quinone is corroborated by its
chemical oxidation with manganese dioxide and full structural characterization by totality of
analytical methods. Stability studies on piceatannol ortho-quinone indicated that while its
decomposition is rapid at room temperature in a solid form, or in contact with chromatographic
sorbents, in a solution, at ambient temperatures, this potential carcinogen survives for 141 hours,
or almost 6 days. These experimental data suggest that consumption of resveratrol from dietary
sources (wine, peanuts, berries), or through RV supplementation, represents a clear danger to
public health. Given the abundance of cytochrome P450 enzymes in the human body, and their
demonstrated ability to effect the resveratrol-to-piceatannol-to-piceatannol-ortho-quinone
chemical sequence, it is conceivable that the same enzymatic transformations can also occur
inside the human body, in multiple locations (Scheme 4). Ortho-quinones thus formed can
potentially survive in vivo for days, and trigger tumor formation due to a well-known ability of
ortho-quinones to react with DNA bases and render them biologically dysfunctional. The
mechanism of carcinogenesis suggested for resveratrol is analogous to that established for p-
estradiol 15 (Scheme 4): CYP-induced ortho-hydroxylation in ring A produces 4-hydroxy
derivative 16, which in turn is enzymatically oxidized to ortho-quinone 17. The latter is
demonstrated to be carcinogenic to humans, was introduced into the list of carcinogens compiled
by the International Agency for Research on Cancer (IARC), and represents the main reason why

the hormone-replacement therapy (HRT) was strongly discredited, and re-evaluated for treatment
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of post-menopausal symptoms. This newly acquired knowledge on resveratrol enzymatics should

be made available to the general public who is exposed to unrelenting advertisements on
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resveratrol and its supplements (mega-dose range, 1.0-2.5 grams per pill). Longitudinal,
randomized studies are needed to further investigate possible detrimental effects of plant-based
isolates upon human ingestion. In contrast to resveratrol supplements, its dietary sources may
exhibit a far less deleterious impact due to having a much lower potency. In the long run, the
uncontrollable intake of resveratrol may contribute to proliferation of various cancers, potentially
becoming the next public health disaster. The relevance of the research presented herein solicits
broad dissemination to assist individuals, families, and communities about the dangers of
unchartered resveratrol use. Medical practitioners (doctors and nutritionists) are urged to utilize
their healthcare platforms to educate patient populations about the inevitable consequences that
resveratrol supplementation may present. Otherwise, the societal health impact could be on par
with asbestos, diethylstilbestrol (DES), thalidomide, bis-phenol A (BPA), or hexavalent

chromium exposure.
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I11. EXPERIMENTAL

All manipulations of air-sensitive materials were carried out in flame-dried Schlenk-type
glassware on a dual-manifold Schlenk line interfaced to a vacuum line. Argon and nitrogen
(Airgas, ultrahigh purity) were dried by passing through a Drierite tube (Hammond). All reagents
were purchased from TCI, Sigma-Aldrich, and Acros and used as received. NMR solvents were
supplied by Cambridge Isotope Laboratories. *H and **C NMR spectra were recorded on Bruker
DRX-400 (*H, 400MHz; 3C, 100MHz) spectrometer. Chemical shifts were referenced to
internal solvent resonances and are reported relative to tetramethylsilane. Spin-spin coupling
constants (J) are given in hertz. Analytical and preparative TLC analysis (PTLC) were conducted
on Silica gel 60 Fxss (EM Science; aluminum sheets) and Silica Gel 60 PF2ss (EM Science;
w/gypsum; 20 x 20 cm), respectively. Eluents are ether (E), petroleum ether (PE), and pentane
(P). Mass spectra were run at the Regional Center on Mass-Spectroscopy, UC Riverside,
Riverside, CA (FAB, ZAB-SE; CI-NHs, 7070EHF; Micromass; TOF Agilent 6210 LCTOF

instrument with a Multimode source).
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Preparation for Enzymatic Reactions

DI water was generated on Millipore Super-Q Water System and stored in designated, oven-
sterile, amber bottle (replaced every 2 weeks).

Phosphate buffer (0.5M potassium phosphate, pH 7.4, 500mL, #451201) was purchased
from Corning Life Sciences / Discovery Labware Inc. and replaced every two years.

NADPH regenerating system (Solution A, 5mL; cat # 451220) was purchased from
Corning Life Sciences / Discovery Labware Inc. and stored at -82°C. Handling: before each
enzymatic reaction, solution A was placed into wet ice bucket for 1h 30min. and then into water
bath (20°C) for 5min. The container was swirled gently by hand and used immediately by
removing the needed volume with Hamilton syringe and transferring it into the reaction vial.

NADPH regenerating system (Solution B, 1mL; cat # 451200) was purchased from
Corning Life Sciences / Discovery Labware Inc. and stored at -82°C. Handling: before each
enzymatic reaction, solution B was placed into wet ice bucket for 1h 30min. and then into water
bath (20°C) for 1min. The container was swirled gently by hand and used immediately by
removing the needed volume with Hamilton syringe and transferring it into the reaction vial.

Human Enzyme CYP1B1 + Reductase (0.5nmol; cat # 456220) was purchased from
Corning Life Sciences / Discovery Labware Inc. and stored at -82°C. Handling: the enzyme vial
was placed into wet ice bucket for 1h, then into water bath (20°C) for 1min, tapped with finger
10 times, and used immediately by removing the needed volume with Hamilton syringe and
transferring it into pre-warmed (37°C) reaction vials containing all enzymatic reaction
components (substrate, solutions A/B, phosphate buffer, and DI water). Total thaw times may

vary slightly among enzymes due to varying volumes and composition.
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Preparation of resveratrol stock solution in DMSO (1mM). Resveratrol (4.6mg,
0.02mmol; TCI cat # R0071; stored at 0°C) was added into a 25mL round-bottom flask (upon
addition, pumped & filled, 3x) and dissolved in DMSO (20mL; Sigma-Aldrich; cat #276855;
DMSO bottle was pumped & filled three times by using an air-free Schlenk-line hose which was
evacuated under reduced pressure prior to the transfer of the solvent) forming a colorless solution
which was stored at room temperature (20°C/septum/parafilm).

Preparation of piceatannol stock solution in DMSO (1mM). Piceatannol (2.3mg,
0.01mmol; TCI cat # P1928; stored at 0°C) was added into a 25mL round-bottom flask (upon
addition, pumped & filled, 3x) and dissolved in DMSO (10mL; Sigma-Aldrich; cat #276855;
DMSO bottle was pumped & filled three times by using an air-free Schlenk-line hose which was
evacuated under reduced pressure prior to the transfer of the solvent) forming a colorless solution
which was stored in room temperature (20°C/septum/parafilm). The integrity (decomposition
rate) of resveratrol and piceatannol were checked visually (colorization from colorless to clear

yellow solution) and by HPLC analysis.

General procedure for enzymatic reactions of resveratrol 1 with Cytochrome P-450
human enzymes (Protocol A). DI water (710uL), phosphate buffer (0.5M; 200uL), NADPH
solution A (50uL), NADPH solution B (10uL), and stock solution of resveratrol 1 (10uL; 1mM
DMSO) were consecutively added into a 2.0-mL clear, homo-polymer, graduated microtube
“reaction vial” with hinged lid (Axygen Scientific; cat #311-10-051). The reaction vial was
capped, inverted twice, locked into a floating microtube rack, and submerged two-thirds deep
into a pre-heated oil bath (37°C) for 5 min. The rack was raised, the reaction vial was wiped with

a Kim wipe, transferred to a stationary stand, and enzyme solution (20uL) was added dropwise
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using a Hamilton syringe. The reaction vial was inverted twice, placed into a floating microtube
rack, immersed into an oil bath (37°C), and kept in dark (foil-tented) for 60 min. The rack was
raised, the reaction vial was wiped with a Kim wipe, and brought to room temperature (~5min).
The mixture was diluted with acetonitrile (1mL; UN1648, HPLC grade, Acros) and
homogenized by drawing up into an oven-sterile Pasteur pipette and releasing it with moderate
pressure into the reaction vial (x10). The reaction vial was kept on wet ice for 30 min fully
submerged (in dark), centrifuged (Galaxy Mini Centrifuge; model C1413; 6,000 rpm) for 20 min
(in dark), and the supernatant (~2mL) was transferred with a sterile Pasteur pipette into a foil-
covered 5-dram vial. All enzymatic experiments were conducted in triplicates and the total
volume of combined supernatants was equal to ~6mL. The crude mixture was filtered into a 9-
mL glass storage vial with screw cap by using a 5-mL glass syringe (Popper and Sons) equipped
with a regenerated cellulose syringe filter (0.45um, 15mm; Agilent Technologies, cat #5190-
5109). The filtered crude mixture was homogenized by drawing up into an oven-sterile Pasteur
pipette and releasing it with moderate pressure into the reaction vial (x10). A fraction (~150uL)
was transferred with a sterile Pasteur pipette to an HPLC vial containing an insert with polymer
feet (Agilent Technologies, cat #5783-2088). The remaining crude mixture was covered with
foil, insulated with parafilm, and stored at -82°C.

The crude mixture was analyzed by high performance liquid chromatography (HPLC) on the
reverse-phase, stable bond column (Zorbax SB-C18; 4.6 x 150mm, 5-micron, high purity silica,
80A) using acetonitrile and deionized water (1 : 3, v/v) as a mobile phase (flow rate - ImL/min;
injection volume 30uL). Wavelength absorbance parameters were set to A = 320nm and Aref =
360nm and 100nm. The Hewlett Packard 1100 series HPLC chromatograph equipped with

degasser (G1322A), quaternary pump (G1311A), auto-sampler (G1313A, housing 100 sample
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vials), and diode array (wavelength) detector (G1315A) configured with HP ChemStation
software for LC and LC/MS systems was used to analyze crude enzymatic products. Reaction
metabolites were detected at high sensitivities, quantified by manual or auto- integration, and

qualitatively identified with known compounds based on their retention times.

Metabolite concentration technique (Protocol B). The crude mixture (ImL aliquot) was
evaporated to dryness under reduced pressure (Schlenk line, 20°C, 14h, in dark) and extracted
with a mixture of acetonitrile — DI water (1 : 3, v/v; 300uL) by manually stirring with an inverted
melting point capillary tube (1min). The solution was allowed to rest for 5min at 20°C and then
transferred with a micropipette (Eppendorf Reference, 200uL) with a preset volume (150uL) to a
foil-covered, HPLC vial containing an insert with polymer feet. This protocol allows for
dissolution of minute quantities of the metabolites, while leaving most of the resveratrol 1
undissolved, thus increasing the concentration of enzymatic products and facilitating their

detection and identification by HPLC.

“Spiking” technique (Protocol C). Prepared samples that underwent enzymatic
transformations with respective substrates, resveratrol 1 or piceatannol 7, were spiked to confirm
that the predicted metabolites were formed. Successful spiking of a sample allowed for a low
concentration, prominent peak signal strength and accurate retention times with respect to
optimized conditions of authentic samples. The technique requires the use of a Pasteur pipette
with a hand bulb to deliver a fresh, authentic sample, drop-wise into an HPLC inset of an

existing sample in order to increase the peak intensity of the end product in question.
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HPLC analysis of an authentic sample of resveratrol 1.

Commercially available resveratrol 1 (4.6mg) was dissolved in the mixture of acetonitrile :

deionized H-0, 1 : 3 (v/v, 20mL).

Data File C:\HPCHEM\1\DATA\JJENSEN\JJ-RA13.D Sample Name: JJ-RA13
5.12.16 JJ-RA13 (RV Authentic sample 1:3), Isocratic si
ngle bottle delivery 1:3 AcN:Di-H20 mobile phase, 1.0 m
L/min. flowrate
Sample Name:RV in 1:3 5.12.16
Injection Date : 5/12/2016 6:01:34 PM
Sample Name JJ-RA13 vial : 1
Acg. Operator JJ
Inj Volume : 5 ul
Method : C:\HPCHEM\1\METHODS\SAMCAP1.M
Last changed 5/12/2016 5:56:37 PM by JJ
(modified after loading)
DADT1 E, Sig=320,30 Ref=360,100 (JJENSENWJ-RAT3.0)
mAU o
250 -
200
150 |
100 -|
50 -|
0 .
T T T T T T T T T T T T T
0 2 4 6 8 10 12 mi
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Sample Amount 1.00000 [ng/ull (not used in calc.)

Signal 1: DAD1 E,

8ig=320,30 Ref=360,100

Peak RetTime Type Width Area Height

# [min] " [min] [mMAU*s] [mAU]

1 8.912 BB 0.2388 4233.91992 270.15555
Totals : 4233.91992 270.15555

Results obtained with enhanced integrator!

Instrument 1 5/12/2016 6:15:43 PM

JJ
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HPLC analysis of an authentic sample of resveratrol 1.
Commercially available resveratrol 1 (unspecified amount) was added to 6mL acetonitrile :
deionized H2O, 1 : 1. This ratio mimicked the solvent composition of the enzymatic reaction

mixture (tr = 8.75min).

Data File C:\HPCHEM\1\DATA\JJENSEN\JJRV1i1.D Sample Name: JJRV11

3.4.16, JJRV11l, Isocratic-single bottle 1:3 AcN:Di-H20
mobile phase, 1.0 mL/min.
Sample name:RV in 1:1 AcN:Di-H20 3.4.16

Injection Date : 3/4/2016 2:07:18 PM
Sample Name : JJRV11 vial : 1
Acg. Operator : JJ

Inj Volume : 5 ul
Acg. Method : C:\HPCHEM\1\METHODS\SAMCAP1l .M
Last changed : 3/4/2016 2:06:24 PM by JJ

{(modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\SAMCAP1.M
Last changed : 5/16/2016 5:06:45 PM by JJ

(modified after loading)

DADT E, Sig=320,30 Ref=360,100 (JJENSENWUJRVi%.D)
mAU ] €
] ~
.75 -
1.5
1.25
13
0.75
05
0.25
0 -‘JHI\L“
] e
J e e e
T T T T 7 T
o 2 4 6 8 10 12 min
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution H 1.0000
Sample Amount : 1.00000 [ng/ul] (not used in calc.)
Signal 1: DAD1 E, Sig=320,30 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [maU] %
1 8.746 PB 0.2175 26.48330 1.91321 100.0000
Instrument 1 5/16/2016 5:06:53 PM JJ Page 1 of 2
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HPLC analysis of an authentic sample of resveratrol 1.
Commercially available resveratrol 1 (4.6mg) was added to 10mL DMSO to prepare the

stock solution used in enzymatic reactions (tr = 8.70min).

ata File C:\HPCHEM\1\DATA\JJIENSEN\JJ-RWTT.D Sample Name: JJ-RWTT

'2.26.16, RWIT (RV weekly tegt), Isocratic-single bottle
1:3 AcN:Di-H20 mobkile phase, 1.0 mL/min.
Sample name:RV/DMSO Stock Prep 12.28.15

Injection Date : 2/26/2016 11:57:43 AM
Sample Name : JJ-RWI'T vVial : 11

Acg. Operator JJF
Inj Volume : 10 ul
Acg. Method : C:\HPCHEM\ 1\METHODS\SAMCAP1.M
Last changed : 2/26/2016 11:56:46 AM by JJ
{(modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\SAMCAP1.M
Last changed : 2/26/2016 12:23:45 PM by JJ
(modified after loading)
DADT E, 8ig=320,30 Ref=360,100 (JJENSENUJ-RWTT.D)
may ] 1
1 =
600
500 -]
400
300
200 -
100 -
o] T T v T - T )
0 2 4 ) 8 10 12 min
Area Percent Report
S s EEEEEEEEE S oo oo oo E oSS n S s s s s e e R T S e RS T e S T S s e e e
Sorted By H Signal
Multiplier : 1.0000
Dilution : 1.0000
Sample Amount : 1.00000 [ng/ul] (not used in calc.)
Signal 1: DADI B, Sig=320,30 Ref=360, 100
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAaU] | % |
1 8.701 BB 0.2355 1.00985e4 663.90521 100.0000
nstrument 1 2/26/2016 12:23:54 PM JJ Page 1 of 2
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HPLC analysis of an authentic sample of piceatannol 7.
Commercially available piceatannol 7 (unspecified amount) was added to acetonitrile :
deionized H2O, 1 : 3 (3mL). This ratio mimicked the solvent composition of the enzymatic

reaction mixture (tr = 5.88min).

Daca Flle ©:'HPCHEMY1\DATRWTENSENYJIPI.D sanple Hame: JIPI

3.3.16, JTFI, Ple cryscal dissaclved in Isccratie 1:3, I
pocratic-single bottle 1:3 AcH:08-H20 mobile phase;, 1.0
mL/min.
Jample pame Pic in Isocratio 1:3 3.3.16
b an g B B L R L L L L L _E_E_L_R_R_R_J M L J L 1 1 L T L T T 1 FE F L F L L L L 21 L E I F | S ...
Infection Date 1 332016 3I:5T:01 FM
Sample Hame : JIPT wial : k]
Ao, Operator 1 JJ
Ini Velums : 5 ul
Aog. Mathod 1 2 \HPCHEM, L\ HETHODS \SAMCREL . M
Last changed : 3FISI0LE 3:SE:26 PM by AT
(madified after loadingl
Analysis Method : C:\HPCHEMY1\METHODSYAAMCAFL .M
Lasgt changed 3 &F3/2016 3:20:48 PN by MNP
B modlfied after loading]
| OASH E Sig=130 30 Bar=9%0 100 LT HIEFAJLIA 0
il P nol
33 |I
i |
28 1
24 I; |
iB i!
14 1
e y o
1 F 5 -
o+ - - - —_ S
! 4 8 F [ 1z "
................................... 1 B
Area Percent Repark
L T 4 9 T 0 0 e - T P N L L R L L
Sorced Iy £ digmal
Mulciplier = 1., 0000
Dilukicn H 1. 0000
Sample Amount H 1,00000 [ngiull inet used in cale.]
Sigmal 1: DAD1 B, Sige330,30 Raf=360,100
Feak RetTims Typs Width hrea Heighk Area
H [mim] [minl [ el # ;| [mATr] ®
(Y [ P [Sfar—n—. i ——————— cmsmsssmss|esssaaans=
1 5,880 RE 06,2117 4%, 52901 1,368580 100.0000
Totals 45 .52981 3.36550

HEesulte obtalngd with enhancad intedrator!

Ingterwnent 1 wr3/ 2016 3:30:51 FPH HFP Pacge 1 of 1
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HPLC analysis of an authentic sample of piceatannol 7.

Commercially available piceatannol 7 (unspecified amount) was added to 10mL acetonitrile :

deionized H-0, 1 : 3 (v/v) which was analogous to the HPLC mobile phase.

ata File C:\HPCHEM\1\

4.11.16 JJ-PWTT, T
SN:Di-H20 mobile p

DATA\JJIENSEN\JJ-PWIT.D Sample Name: JJ-PWTT

socratic single bottle delivery 1:3 A
hase, 1.0 mL/min. flowrate

Sample name:Pic in 1:3 AcN:di-H20 3.11.16

Injection Date
Sample Name
Acg. Operator

Acqg. Method
Last changed

Analysis Metheod :
Last changed

B e T L L L T e

1 JIT-PWTT Vial : 6
s JJ

Inj Volume : 2 ul

: C: \HPCHEM\ 1\METHODS\SAMCAP1 .M
: 4/11/2016 2:28:32 PM by JJ

(modified after loading)
C: \HPCHEM\ 1\METHODS \SAMCAPL .M

i 4/11/2016 2:45:45 PM by JJ

(modified after loading)

mAy

0,25

0.15 -

0.06 ~

DAD1 E, Sig=320,30 Ref=360,100 (JJENSENWUJ-PWTT.D)

i

T L T T

Sorted By
Multiplier
Dilution
Sample Amount

Signal
1.0000
1.0000
1.00000 [nhg/ull (not used in calec.)

Signal 1: DAD1 E, Sig=320,20 Ref=360, 100

Peak RetTime Type
# [min]

Totals :

nstrument 1 4/11/2016

width Area Height Area
[min] [ImAU*s] [mAU] %

!
0.1665 3.07860 2.71030e-1 100.0000

3.07860 2.71030e-1

2:45:48 PM JJ Page 1 of 2

Authentic equimolar mixture of resveratrol 1 and piceatannol 7.

Commercially available piceatannol 7 (12.2mg) and resveratrol 1 (11.4mg) was added to

6mL acetonitrile : deionized H,O (1 : 1, v/v). This ratio mimicked the solvent composition of the

enzymatic reaction mixture. Serial dilution (x10) of authentic, equimolar mixture of piceatannol

and resveratrol.
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Data File €:\HPCHEM\1\DATA\JJENSEN\JJ32-2.D

3.18.16 JJ32-2,
n diluted 10X.

n 1:1 plus 9 mL
N:Di~H20 mobile

Pic/RV dissolved in 1:1 AcN:di-H20,

Sample Name:

the

(lmL original authentic Pic/RV mixture i

di-Hz20),

phase, 1.0 mL/min. flowrate

Sample name:JJ32 RV/Pic 1:1 dil 10X 3.18.16

Isocratic-single bottle 1:3 Ac

Injection Date
Sample Name
Acg. Operator

Acg. Method
Last changed

Analysis Method
Last changed

: 3/18/2016 4:05:03 PM
: JJ32-2
: JJ

Inj Volume : 1

C: \HPCHEM\ 1 \METHODS\ SAMCAP1 .M
3/18/2016 3:58:38 PM by JJ
(modified after loading)

C: \HPCHEM\ 1\METHODS\SAMCAPL .M
5/15/2016 7:39:03 PM by JJ
(modified after loading)

Vvial : 1

JJ32-2

DAD1 E, Sig=320,30 Ref=380,100 (JJENSENWJ32-2,D)
mAU ] ¥

i S
i o

30 -

25 ]

20 -

15 g
] 3

10

5

o . —— e . . .
0 2 4 6 5 10 12 miny

Sorted By
Multiplier
Dilution
Sample Amount

1.0000
1.00000

TS

[ng/ull

Instrument 1 5/15/2016 7:39:20 PM JJ

(not usged in calc.}

Page 1 of 2

Data File C:\HPCHEM\1\DATA\JJENSEN\JJ32-2.D

Sample Name: JJ32-2

Signal 1: DAD1 B, S8ig=320,30 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [(mAU*s] [mAU] |
s ] e [ L L e et e
1 5.962 BB 0.2934 249.12219 11.47080 34.8410
2 9.044 BB 0.2219 465 .90466 31.98529 65.1590
Totals : 715.02686 43 .45609
Results obtained with enhanced integrator!

*=+ BEnd of Report #*%%
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Authentic equimolar mixture of resveratrol 1 and piceatannol 7.
Authentic, diluted, equimolar mixture of piceatannol 7 and resveratrol 1 re-injected for

reproducibility.

Data File C:\HPCHEM\1\DATA\JJENSEN\JJ32-6.D Sample Name: JJ32-

5.6.16 JJ32-6, Isocratic single bottle delivery 1:3 AcN
:Di-H20 mobile phase, 1.0 mL/min. flowrate
Sample Name:JJ32 RV:Pic 1:1 5.6.16

Injection Date : 5/6/2016 9:32:15 PM

Sample Name : JJI32- vial : 1
Acg. Operator : JJ

Inj Volume : 3 ul
Acq. Method : C:\HPCHEM\1\METHODS\SAMCAP1 .M
Last changed : 5/6/2016 9:28:26 PM by JJ

(modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\SAMCAP1l.M
Last changed : 5/15/2016 7:33:28 PM by JJ
(modified after loading)
DAD1 E, Sig=320,30 Ref=350,100 (JJENSEN\}J32-6.D)

mAU &
50
40
30
20+
1 [Te3
&
<
0
104
QLA/LP It L .
T v v T y T r T T T T T T v v
0 2 4 8 8 10 12 min

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Sample Amount : 1.00000 [ng/ull (not used in calc.)

Signal 1: DAD1 E, Sig=320,30 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %
1 5.805 PV 0.2392 205.21584 12.52197 16.6485
2 9.126 VB 0.2660 1027.41907 58.19283 83.3515
Totals : 1232.63490 70.71480
Instrument 1 5/15/2016 7:34:19 PM JJ Page 1 of 2
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Interaction of resveratrol 1 with CYP2C19 enzyme. According to protocol A, interaction
of resveratrol 1 (10pL) and CYP2C19 enzyme (20uL) produced the crude mixture which,

according to HPLC, contained no piceatannol 7 (0%; anticipated t, = 4.57min; resveratrol 1, t, =

7.53min).

Data File C:\HPCHEM\1\DATA\JJIBNSEN\JJ38-12.D Sample Name: JJ38-13
05.26.16 JJ38-13,Decompos. ck,
delivery 1:3 AcN:Di-H20 mobile phase,
ate

Sample Name:JJ-38 RV/2C19 NS 5.26.16

Isocratic single bottle
1.C mL/min. flowr

Injection Date

5/26/2016 7:36:39 PM

Instrument 1 5/26/2016 9:26:41 PM MP

Sample Name : JJ38-13 vial : 1
Acg. Cperator : JJ R Sbsk
14
Acqg. Method : C:\HPCHEM\1\METHODS\SAMCAP1 M
Last changed : $/26/2016 7:17:37 PM by JJ
(modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\SAMCAP1.M
Last changed : 5/26/2016 9:22:47 PM by MP
_(moditied afrer loading)
____—'unﬁt15353ouw:nuw«uu«cmux»xm
)
1 h Resveratrol
\ 7
] \ T
oe- \ [
! |
o \
{ \_ Piceatannol |
04 \ II
) N
4 “ 1
] |
ozi o4 . J ‘
A { ' S~ Nﬂ*\,—.‘_.-.‘.‘._—\].i’ :
’ - —- v - )T A et T Sy & . v -
(} 2 4 ‘ n 19 2
LY PP P PR PRI T R R R B B B 0 0 B B 0 8 0 B 0 8 8 B 0 8 B B B B B B B R R b ol b b i bl Rl i Rl R L L L
Area Percent Report
e R R L L L R L L Rl b Rl R R R R L B
Sorted By 1 Signal
Multiplier ¢ 1.0000
Dilution : 1.0000
Sample Amount 3 1.00000 [ng/ul) (not used in calc.)
Signal 1: DAD1 E, Sig=320,30 Ref~360,100
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [=AT]) \
1 7.533 BB 0.2263 12.25659 8.29990e-1 100. 0000
Totals : 12.25659 8.29990e-1

Results ob'nined with enhanced integrator!

**+ End of Report ¢ee
Page 1 of 1
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Interaction of resveratrol 1 with CYP2C19 enzyme: crude mixture spiked with 2 drops of

piceatannol 7 (t-= 4.57min; ; resveratrol 1, t = 7.26min).

Data File C:\HPCHEM)1\DATAM\JJENMSEN\JJ38-14.D

05.26.16 JJ38-14, Pic-spiked (2drops),

Sample Hame: JJ38-14

Isocratic single

bottle delivery 1:3 AcN:Di-H2O0 mobile phase, 1.0 mL/mi
n. Elowrate
Sample Mame:JJ-38 RV/2C19 MS 5.26.16
L B B 3 4 E k3 3 3 F £ F 34 F B § + £ 38 3§ & P B B & & § & [ B B B 0 1 B R L 1 B R QI 1 1 1 B L L B Lt b R b S st
Injection Date 5/26/2016 B:19:07 FM
Sample Name JJ38-14 Vial = 1
Aog. Operator JJ
Inj Volume : 30 ul
Aeog. Method C: \HPCHEM 1\ METHODS \ SAMCAP1 .M
Last changed 5/26/2016 7:17:37 PM by JJ
(modified after loading)
Analysis Metheod C: \HPCHEM 1\METHODS \ SAMCAF1 . M
Last changed 5/26/2016 B:42:54 PM by MP
(modified after loading)
DD E, Sig=220,30 Ref=380,100 (JJENSENJIE-140)
AU 3 Rtnﬁg-ntl
35 ‘ "
i f
| |
25 |
] | [
2 I - :
1 I Piceatannol |
151 Wl 5 [ |
! Il T .
1 ! Jl I I
' 1 |
a5 | T é Y i
| R I e <A | .
o T - T 1
& 2 4 & 8 18 12 -
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Sample Amount 1.00000 [ng/ful] (nort used in cale.)

8ignal 1: DAD1 E, Sig=320,30 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAO*s] [mao]
1 3.534 BV 0.2150 3.27548 1.88201e-1
2 4.574 EB 0.22568 17.10897 1.07535%
E 7.256 BB 0.2151 46.,.22495 3.26732
Totals 66.60940 4.53091

Results cbtained with enhanced integrator!

4.9174
25.6855
69.3570

Instrument 1 5/26/2016 B:42:57 BM MP
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Interaction of resveratrol 1 with CYP3A5 enzyme. According to protocol A, interaction of
resveratrol 1 (10uL) and CYP3AS5 enzyme (20uL) produced the crude mixture which, according
to HPLC, contained no piceatannol 7 (0%; anticipated t, = 4.33min; resveratrol 1, t, = 6.75min).

Data File C:\HPCHEM\1\DATA\JJENSEN\JT-33-3.D Sample Name: JJ-33-3

3.28.16 JJ-33-3, Crude, Isccratic-single bottle 1:3 AcH

:Di-H20 mobile phase, 1.0 mL/min. flowrate
Sample name:JJ-33 Crude RV/3IAS NS 3.28.16

Injection Date

: 3f28/2016 4:40:12 PM

Sample MName : JJ-33-3 vial = 2
Aog. Operator E [
Inj Volume : 30 ul
Acq. Method : C:\HPCHEM\ 1\METHODS SAMCAFL .M
Last changed : 2/26/2016 7:10:36 PM by JJ
Analysis Method : C:\HPCHEM\1\METHODS\SAMCAPL.M
Last changed : 6f3/2016 3:34:54 PM by MP
(modified after loading)
! DAL [, Sg=5a0, X0 Red=300, 100 {J& NEERL- X33 D)
mau | | | Resveratrol
i | 2
25 | F
2 - L |=
! | il i1
15'_: | ill | |
: 1 Piceatannol [ |
1- f) |
3 i ﬁ |
A & |
05 " |
] | i L A
| | —— e e — - _—
| 0Ll —
. a T ;_ i é : o 10 a1}

Area Percent Report

T

Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Sample Amount 1.00000 ([ngfull [not used in cale.)

Signal 1: DAD1 E, 5ig=320,30 Ref=360,100
Peak RetTime Type Width Area Helght Area
# [min] [min] [mAU*g] [mag]) L
1 3.654 MM 0.1542 2.5893D0 2.79845a-1 5.5051
2 &.754 BB 0.2878 44 .44520 2.3589T7 94.4949
Totals : 47.03451 2.63881

Results obtained with snhanced integrator!

eI NS S S S ST EEEEE

Instrument 1 &,/3/2016 3:34:58 FM MP Page 1 of 1
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Interaction of resveratrol 1 with CYP3A5 enzyme: crude mixture spiked with 2 drops of

piceatannol 7 (t-= 4.33min; resveratrol 1, t; = 7.08min).

Data File C:\HPCHEM\1\DATA\JJENSEN\JJ31-5.D

5.13.16 JJ31-9,HS5 Crude,

Sample Name: JJ31-9

Pic-spiked 2Zdrops, Isccratic s

ingle bottle delivery 1:3 AcN:Di-H20 mobile phase, 1.0
mL/min. flowrate
Sample NMame:RV/3AS NS Crude 5.13.16
T Y T Ll I I T T T T rrer e - T T T === sEE.
Injection Date 5/13/2016 2:30:21 BM
Sample Hame : JJ31-9 Vvial 1
Acg. Operator : I
Inj Volume : 30 ul
Acg. Method C: \HPCHEM\ 1\METHODS\ SEMCAF1 .M
Last changed : 2/26/2016 7:10:36 PM by JJ
Analysis Method : C:\HPCHEM\1\METHODS\SAMCAP1.M
Last changed 5/24/2016 4:02:55 PM by JJ
(modified after loading)
DAL E, Sig=320,30 Rel=360,100 (JJENSENJIF-G.0)
maY R:sw%?tnm
a5 =
|
3 ] I
25{ |
i | |
24 Piceatannol [
1 [ B
I +
15= A 1 |
.l ” [
I
11 [ |I [
| |
1 I h E | II |
0.5 | ITa) = \ | 3§
] ! Nl [
1 | o I e
0 : : —]
o 2 4 5 8 10 12 __mn
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Sample Amount 1.00000 [ng/ul] {not used in eale.)

Signal 1: DAD1 B, Sig=320,30 Ref=360,100

Peak RetTime Type

# [min]
1 3.572 W
2 4.326 VB
3 7.076 BB

Instrument 1 5/24/2016 4:04:08 PM JJ

width Area Height Area
[min] [mAT*=] [maT] %
0.557% 21.24149 4.71197e-1 23.2329%
0.2224 24.00397 1.48610 26.3222
0.2154 45.94742 3.24161 50.3849

Page 1 of 2
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Interaction of resveratrol 1 with CYP2E1 enzyme. According to protocol A, interaction of

resveratrol 1 (10uL) and

CYP2E1 enzyme (10uL) produced the crude mixture which, according

to HPLC, contained piceatannol 7 (2%; t, = 5.17min; resveratrol 1, t- = 8.17min).

Data File C:‘\HPCHEM

4.6.16 JJ35-4,

NS from repos.

1M\DATANJJENSENYJJ35-4.D Sample Name: JJ35-4

(RV/2E1), Isccratic singl

e bottle delivery 1:3 AcN:Di-H20 mobile phase, 1.0 mL/m
in. flowrate
Sample name: JJ-35 Crude RV/2ZE1 4.7.15
Injection Date 4/7/2016 1:52:02
Sample Name JI35-4 Vial = 2
Acg. Operator JT
Inj Volums : 30 ul

Acg. Method
Last changed
Analysis Method
Last changed

C: \HPCHEMY 1 \METHODS\ SAMCAP1 .M
2/26/2016 T:10:36 PM by JJ

C: \HPFCHEM\ 1\METHODS SAMCAF1 .M
5/26/2016 8:27:45 BPM by MP
({modified after loading)

DADA E, Sag=520,30 Ref=350, 100 (JJENSENUIES4 D)

mall | | 1 Resveratrol
[ 2
=
| " |
i | , Pic: RV
3 [ W 2:98
- |
[ ]
| | |
2 | |
II |
Y
1 Vi I
| - Piceatannaol |
. L £ .
| — =
| ——
0 —— _I..' . ; T—-—-- - M — - _—
0 2 4 & 8 10 B 2 —n
Area Fercent Report
Sorted By H Signal
Multiplier 1.0000
Dilution 1.0000
Sample Mmount 1.00000 [ng/ull (not used in calec.)

Signal 1: DAD1 E, Sig=320,30

Ref=360, 100

Peak RetTime Type Width Area Height Area
# [min] [min] [mau*s=] [matr] %
1 5.170 EBP 0.2090 1.66407 5.95701e-2 1.9571.
2 8.169 BB 0.3048 B2 .0BD51 4.22166 93.0129
Totals B3.74459 4.32123

Results obtained with enhan

Instrument 1 5/26/2016 8:27:47 FM MP

ced integrator!

Page 1 of 1
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Interaction of resveratrol 1 with CYP2C18 enzyme. According to protocol A, interaction
of resveratrol 1 (10uL) and CYP2CI18 enzyme (20puL) produced the crude mixture which,

according to HPLC, contained piceatannol 7 (95%; t: = 4.14min; resveratrol 1, tr = 7.12min).

Data File C:\HPCHEM\1\DATA\JJENSEN\JJ37-3.D Sample Mame: JJ37-3

4,22.16 JJ37-3, Isocratic single bottle delivery 1:3 Ac
N:Di-H20 mobile phase, 1.0 mL/min. flowrate
Sample name:JJ-37 RV/2C18 WS Crude 4.21.16§

Injection Date : 4/22/2016 7:16:58 AM
Sample Name : JJ37-3 Vial : 1
Acg. Operator r JJ
Inj Volume : 30 ul
Acg. Method : C:\HPCHEM' 1% METHODS\SAMCAF1.M
Last changed : 2/26/2016 7:10:36 PM by JJ
Analysis Metheod : C:\HPCHEM\1\METHODS\SAMCAP1l.M
Last changed : 5/26/2016 8:47:53 PM by MP

(modified after loading)

DAD1 E, Si=320,30 mer=360,100 [(NENSENJIIT-3.0)
mAU 1 Piceatannol
5 1 ;
f
4] | I Pie:RV
] i 1 95:
3-_. |
] |1
| | | |
2. | |
| [ 1
1
| | reratrol
11 [0t (1 Rﬁl%?
. AN N | =
obrd = E——
o 2 4 [ 8 10 2 . mn

Sorted By H Signal
Multiplier : 1.0000
Dilution : 1.0000
Sample Amount : 1.00000 [ng/ul] (not used in cale.)

Signal 1: DADl E, Sig=320,30 Ref=360,100

Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAT#*g] [mADT] %

1 4.142 FB 0.2937 94.67780 4.49619 895.3577
2 7.117 BP 0.3534 4.60925 1.574%91e-1 4.6423
Totals : 95.28705 4.65368

Results cbtained with enhanced integrator!

%% End of Report *##

Instrument 1 5/26/2016 8:48:38 PM MP Page 1 of 1
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Interaction of resveratrol 1 with CYP3A4 enzyme. According to protocol A, interaction of
resveratrol 1 (10uL) and CYP3A4 enzyme (10uL) produced the crude mixture which, according

to HPLC, contained piceatannol 7 (96%; t; = 5.16min; resveratrol 1, t; = 8.96min).

Data File C:\HPCHEM\1\DATA\JJENSEN\JJ30C.D Sample Name: JJ30C

3.10.16, JJ30C, RV/3A4 Crude, Isocratic-single bottle 1
:3 AcCN:Di-H20 mobile phase, 1.0 mL/min.
Sample name:JJ-28 RV/3A4

Injection Date : 3/10/2016 12:31:44 PM
Sample Name s JJ30C vVial 3
Acg. Operator : JJ
Inj Volume : 30 ul
Acg. Method : C:\HPCHEM\1\METHODS\SAMCAP1 .M
Last changed : 2/26/2016 7:10:36 PM by JJ
Analysis Method : C:\HPCHEM\1\METHODS\SAMCAP1.M
Last changed : 5/14/2016 1:57:16 PM by JJ

(modified after loading)

DAD1 E, Sig=320,30 Ref=360,100 (JJENSENWJ30C.D)

mAU ] 3
i o

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Sample Amount : 1.00000 [ng/ul] (not used in calc.)

Signal 1: DAD1 E, Sig=320,30 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [maU] %
1 5.160 BB 0.2098 21.30284 1.53558 95.5870
2 8.960 VB 0.2888 9.83507e-1 4.14458e-2 4.4130
Instrument 1 5/14/2016 1:57:28 PM JJ Page 1 of 2
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Interaction of resveratrol 1 with CYP1A1 enzyme. According to protocol A, interaction of
resveratrol 1 (10uL) and CYP1A1 enzyme (20uL) produced the crude mixture which, according

to HPLC, contained piceatannol 7 (97%; t; = 4.05min; resveratrol 1, t; = 7.07min).

Data File C:\HPCHEM\1\DATA\JJENSEN\JJ29-9.D Sample Name: JJ29-9
4.22.16 JJ29-9, Isocratic single bottle delivery 1:3 Ac
N:Di-H20 mobile phase, 1.0 mL/min. flowrate
Sample name:JJ-29 RV/1Al1 NS Crude 4.21.16

Injection Date : 4/22/2016 7:37:33 AM
Sample Name : JJ29-9 Vial : 1
Acg. Operator : JJ
Inj Volume : 30 ul
Acg. Method : C:\HPCHEM\1\METHODS\SAMCAP1 .M
Last changed : 2/26/2016 7:10:36 PM by JJ
Analysis Method : C:\HPCHEM\1\METHODS\SAMCAP1l.M
Last changed : 6/1/2016 9:29:53 AM by MP

(modified after loading) —
DADT £, Sg=330.30 Ret+ 360,100 (JIENSENJIZ0-0 D)

mAU
1 Piceatannol
[ B
g
-
E |
4 | picry
I' 97:3
5
g |
|
J ] |
|
24 | |
\ | Resveratrol
1 H. l ' -
| ‘l' \ v ) ". E
[ . oo B Sy ———————————y
9 - 2 4 & [ 1 12 mn

Area Percent Report

Sorted By 3 Signal
Multiplier 3 1.0000
Dilution g 1.0000
Sample Amount 3 1.00000 ([ng/ul) (not used in calc.)

Signal 1: DAD1 E, Sig=320,30 Ref=360,100

Peak RetTime Type Width Area Height Area
# I [min] | ' [{min]) | [mAU*g) | [mAU] | % I
1 4.047 BV 0.1864 85.05016 6.96655 96 .9275
2 7.074 BP 0.2512 2.69602 1.42213e-1 3.0725
Totals : 87.74618 7.10877

Results obtained with enhanced integrator!

Ssssss s s T N S NS SEErSSSSsssssosSsSsossomsss

Instrument 1 6/1/2016 9:29:56 AM MP Page 1 of 1
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Interaction of resveratrol 1 with CYP1AL enzyme: HPLC analysis of the crude mixture

evacuated under reduced pressure overnight (protocol B).

Data File C:\HPCHEM\1\DATA\JJENSEN\JJ-31P.D Sample Name: JJ-31P

3.1.16, JJ-31P (1Al), Isocratic-single bottle 1:3 AcN:D
i-H20 mobile phase, 1.0 mL/min.
Sample name:JJ-31 RV/1A1l Pump ON 1:3

Injection Date : 3/1/2016 12:40:35 PM
Sample Name : JJ-31P vial : 1
Acq. Operator : JJ
Inj Volume : 30 ul
Acqg. Method : C:\HPCHEM\1\METHODS\SAMCAP1.M
Last changed : 2/26/2016 7:10:36 PM by JJ
Analysis Method : C:\HPCHEM\1\METHODS\SAMCAP1.M
Last changed : 6/1/2016 9:36:31 AM by MP

(modified after loading)

DAD1 E, Sig=320,30 Ref=360,100 (JJENSENUJ31P.0)
mAU ] Piceatannol
30 ¥
25
20 -
15
10
5 ] Resveratrol
1 r~
] o
] ~
o T v | — T T - - T -
0 2 4 6 8 10 12 miny

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Sample Amount : 1.00000 [ng/ull (not used in calc.)

Signal 1: DAD1 E, Sig=320,30 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*gz] [mAT] %
1 4.399 VB 0.2067 397.83682 29.62659 97.8766
2 7.817 BP 0.2517 8.63110 5.04171e-1 2.1234
Totals : 406.46792 30.13076

Instrument 1 6/1/2016 9:36:57 AM MP Page 1 of 1
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Interaction of resveratrol 1 with CYP2A6 enzyme. According to protocol A, interaction of
resveratrol 1 (10uL) and CYP2A6 enzyme (10uL) produced the crude mixture which, according

to HPLC, contained piceatannol 7 (97%; t; = 4.64min; resveratrol 1, t; = 8.10min).

Data File C:\HPCHEM\1\DATA\JJEMSEN\JJ356-&.D Sample Name: JJ36-6

4.22.16 JJ36-6, Isocratic =ingle bottle delivery 1:3 Ac
N:Di-H20 mobile phase, 1.0 mL/min. flowrate
Sample name:JJ-36 RV/2A6 NS Crude £.21.18

Injection Date : 4/22/2016 9:43:24 AM
Sample Name : JJTIG-6 vial = 1
Acg. Operator : JJ
Inj vVolume : 30 ul
Rodg. Method : C:\WHPCHEM\ 1\METHODS\SAMCAPLl .M
Last changed : 2/26/2016 7:10:36 PM by JJ
Analyvsis Methed : C;‘\HPCHEM)\1\METHODSYSAMCAEPLl.M
Last changed : 5262016 B8:32:57 BM by MP

(modified after loading)
DAD1 E, Sig=320,30 Raf=360,100 (JJENSEN LRSS0

mAll Piceatannol
5 g
-+
3
| |
4 11
Pic: RV
4 11 973
3l I _
1 | [
2: |
| |
[ |
- \ 1
" ks |1 Resveratrol
] M \ &
| e N -
Dll | | — B S - o I
0 2 4 ] 3 10 12 min

it BB P P TP P PP P LT L b bbb bt et et b g

Area Percent Report

Sorted By + Signal
Multiplier EH 1.0000
Dilution H 1.0000
Sample Amount E 1.00000 [ng/ull (nor used in cale.)

Signal 1: DAD1 E, Sig=320,30 Ref=360,100

Peak RetTime Type Width Area Height Area
% [min] [min] [mau*s] [man] %
1 4,638 FB 0.2631 T77.74129 4 .55450 96 .6B50
2 2.09& BPF 0.3008 2.66547 1.22154e-=1 3.3150
Tatals : BD.406876 4.67667

Results cbtained with enhanced integrator!

LD P P TP Dt e 2 2 2ttt o Bt bt 2 2 a2 s o

*+* End of Report www

Instrument 1 5/26/2016 8:33:06 PM MP Page 1 of 1
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Interaction of resveratrol 1 with CYP2A6 enzyme: HPLC analysis of the crude mixture

evacuated under reduced pressure overnight (protocol B).

Data File C:\HPCHEM\1\DATAMNJJENSEN\JJ36-3.D

3.24.16 JJ36-3,
:Di-H2O mobile phase, 1.0 mL/min. £lowrate
Sample name:JJ-36 PON RV/2A8

Injection Date

3/24/2016 9:20:34 AM

Sample Hame: JJ36-3

Pumped, Isocratic-single bottle 1:3 AcN

Sample Name JJI36-3 Vial : 2
Acg. Operator JJ
Inj Volume : 30 ul
hog. Method C:\HPCHEM' 1\ METHODS"\ SAMCADL .M
Last changed : 2/26/2016 7:10:36 FM by JJ
Analysis Method : C:\HPCHEM)1\METHODS\SAMCAF1l.M
Last changed 5/26/2016 8:38:20 PM by MP
(modified after loading) B
DADA E, Sig=220,30 Ref=360,100 (JJENSENJLIE-1.0)
maL
] . Piceatannol
14 . %
12 |I|
19 |:
2 H
LR
1 |
: | |
4 | II I Resveratrol
2] [ M f g
] | — -
[ R — . = ——— — = —
a 2 4 [ ] 10 12 =in

Sorted By : Signal
Multiplier B 1.0000
Dilution s 1.0000
Sample Amount 1 1.00000 [ng/ul]

Signal 1: DAD1 E, S5ig=320,30 Ref=360,100

(not used in calc.)

Peak RetTime Type Width Area Height Area
3 [min] [min] [mAT*s] [mAT] % |
1 4.508 VB 0.1866 162.31223 13.09434 93.0066
2 8.086 BB 0.2375 12.20463 7.559205e-1 6.9934
Totals 174.51685 13.85355
Results cbtained with enhanced integrator!
T T Il T T T T E T E YT P P PP T P P P s+ T T PP E T T+ P T P oS T P e PP T P RS ST PR R LT T 1

Instrument 1 5/26/2Z016 8:38:56 PM MP
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Interaction of resveratrol 1 with CYP2C9 enzyme. According to protocol A, interaction of
resveratrol 1 (10uL) and CYP2C9 enzyme (20uL) produced the crude mixture which, according

to HPLC, contained piceatannol 7 (97%; t; = 4.62min; resveratrol 1, t; = 8.10min).

Data File C:\HPCHEM\1\DATAMJJENSEN\JJ34-3.D Sample Name: JJ34-3
4.22.16 JJ34-3, Isocratic single bottle deliwvery 1:3 Ac

H:Di-H20 mobile phase, 1.0 mL/min. flowrate

Sample name:JJ-34 RV;ZCE NS Crude 4.21.16&

eSS T TS oo oo oo oo oooooaE s eSS

Injection Date

4/22/2016 8:24:03 AM

Sample Name JJ34-3 Vial 1
Acg. Operaktor JJ
Inj Volume : 30 ul
Aog. Method C: \HECHEM\ 1\METHODS\ SAMCAP1 .M
Last changed 2/26/2016 7:10:36 PM by JJ
Analvsis Method C: \HPCHEM' 1\METHODS\ SAMCAP1 .M
Last changed 5/26/2016 7:45:20 MM by MP
modified after loading)
[ DADA E, Sig=320,30 Ref=250,100 (JJENSENJIZ43 0]
| maL |1
|
| Piceatannol
- 3
-
|
I
4
| || Pie:RV
|oem3
3 1
| ||
4 || a
| | I
1 [ I Resveratrol
| ¢ [
| r 1k | | §
——— - =
Q== ! T == _._. = T
a ] 4 -] a 10 12 i
E 3 3 1P F B 8 4 3 P B B 3 G F E B 3 3 P B B & & t FE 8 3 1 £ B & & & P P B & & 1 B 0 0 0 L B N B T B B B B B _R 31 L B 2R L Lt S 2
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Sample Amount 1.00000 [ng/ul] (not used in calc.)

Zignal 1: DAD1 E, 2ig=320,30 Ref=360,100
Peak EetTime Type Width Area Height Area
4 [min] [min] [maU+s] [ma] -
1 4.8617 BE 0.2410 Tl.45241 4 . 506809 26 .5015
2 B.0%4 BP 0.3153 2.55039% 1.03762ea-=1 3 .4585
Totals T4.04279 4 .60985

Results obtained with enhanced integrator!

Instrument 1 5,/26/2016 T7:45:53 PM MP Page 1 of 1
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Interaction of resveratrol 1 with CYP2C9 enzyme: HPLC analysis of the crude mixture

evacuated under reduced pressure overnight (protocol B).

Data File C:\HPCHEM\1\DATA\JJENSENM\JJ34-2.D Sample Mame: JJ34-2

3,22.16 JJ34-2 pumped, Isocratic-single bottle 1:3 AcN:
Di-H20 mobile phase, 1.0 mL/min. flowrate
Sample name:JJ-34 PON RV/2C9 3.22.16

Injection Date : 3/22/2016 10:32:20 AM
Sample MName : JJ34-2 Vial : 3
Acg. Operator : JJ
Inj Volume : 30 ul
Acg. Method : C:\HPCHEM'\1\METHODS\SEMCAP1 .M
Last changed : 2/26/2016 7:10:36 PM by JJ
Analysis Method : C:\HPCHEM\1\METHODS\SAMCAP1l.M
Last changed : 5/26/2016 T:52:08 PM by MP

imodified after loading)
DADT E, 5ig=320,30 Ref=380,100 (JUENSENU34-20)

mAU | Piceatannol
o] g
4 1
2= - | “
1 |
1 |
- E |
[
[
154 ‘ |
|I
10 | i
] [ 1 [
5 I Resveratrol
] . | | E
| — ol ~
D L I ke
0 z 4 & 8 10 12 [

Sorted By - Signal
Multiplier $ 1.0000
Diluticn £ 1.0000
Sample Amount : 1.00000 ([mng/ull (not used in cale.)

S8ignal 1: DAD1 E, S5ig=320,30 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*=] [mADT] %
1 4,234 VB 0.1478 273.31573 28.51952 96.5934
2 7.42% BP 0.2012 9.63915 7.43T85e-1 3.4066
Totals : 2B2.95489 29.286330

Results obtained with emhanced integrator!

P LT LT T LTI I T P R TP PR T P PR P b P 2 2 P b 2 2 P 3 2 b = P b = b 5 8 f 4 4L & 1

Instrument 1 5/26/2016 7:52:12 PM MP Page 1 of 1
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Interaction of resveratrol 1 with CYP2C8 enzyme. According to protocol A, interaction of
resveratrol 1 (10uL) and CYP2CS8 enzyme (10uL) produced the crude mixture which, according

to HPLC, contained piceatannol 7 (98%; t; = 4.52min; resveratrol 1, t; = 7.91min).

Data File C:\HPCHEM\1\DATA\JJEMSEN\JJ33-4.D Sample Name: JJ33-4
4,22.16 JJ33-4, Iscocratic single bottle delivery 1:3 Ac

N:Di-HZ0 mobile phase, 1.0 mL/min. flowrate
Sample name:JJ-33 RV/2C8 NS Crude 4.21.16

Injection Date : 4/22/2016 9:22:04 AM
Sample Hame : JJT3I3-4 Vial : 1
Acg. Operator r JJ

Inj Volume : 30 wul
Rog. Method : C:\HPCHEMY 1\METHODS\SAMCAP1 .M
Last changed : 2/26/2016 T:10:36 PM by JJ
Analysis Method : C:\HPCHEM\1\METHODS\SAMCAP1l.M
Last changed : 5/26/2016 7:30:28 PM by MP

. {modified after loading)
DaD E, Sig=320,30 Ref=380,100 (JJENSENIA34. D)

mAL | Pke??nnm
8- | -
74 l .
i | Il Pic: RV
8 | || os:2

5 |, 11

Area Percent Report

——————————————————— S

Sorted By E Signal
Multiplier F 1.0000
Dilution E 1.0000
Sample Amount E: 1.00000 [ng/ul] (not used in calc.)

Signal 1: DAD1 E, Sig=320,30 Ref=360,100

Feak RetTime Type Width Area Height Area
# [min] [min] [mAT*s] [mADT] %
1 4.524 BB 0.2223 109.10845 7.47276 97.7971
2 7.%09 BP 0.2620 2.45764 1.25773e-1 2.2029
Totals : 111.56609 7.59853

Results obtained with enhanced integrator!

*** End of Report =+*+

Instrument 1 5/26/2016 T7:32:58 PM MP Page 1 of 1
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Interaction of resveratrol 1 with CYP2C8 enzyme: HPLC analysis of the crude mixture

evacuated under reduced pressure overnight (protocol B).

Data File C:‘\HPCHEM\1\DATA\JJEMSEN\JJ33-3.D Sample Name: JJ33-3
3.22.16 JJ33-3 pumped, Isocratiec-single bottle 1:3 AcH:

Di-H20 mobile phase, 1.0 mL/min. flowrate

Sample name:JJ-33 PON RV/2C8 3.22.16

3/22/2016 10:12:28 AM
JJ33-3
JJ

Injection Date
Sample Name
Aog. Operator

vial : 2

Inj Volume 30 ul

Acog. Method
Last changed

C: \HPCHEMY\ 1\METHODS\SAMCAP1 .M
2/26/2016 7:10:36 FPM by JJ

C: \HPCHEM\ 1\METHODS\SAMCAF1 .M
5/26/2016 6:58:32 PM by MP
(modified after loading)

— DADT E, Sig=320,30 Re=150,100 (JJENSENUJZ3-3.0)

Analysias Metheod :
Last changed

e : Piceatannol
[ @
| -
20 ﬁ
‘ |
15 |
|
19 [ |
y 1
5 |
] [ 1 [ | Resveratrol
[N b g
o~ ) = o
q 2 4 6 8 L 12 i
EES S .+ =+ P 2 2 = 3+ F 2 2 3 4 4 2 5 2 8 & & 4 b B b 4 b b 0 L L LRt E R
Area Percent Report
Sorted By Zignal
Multiplier 1.0000
Dilution 1.0000
Sample Amount 1.00000 [ng/ul] (not used in calc.)

Signal 1: DAD1 E, Sige320,30 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [mim] [mAO*s] [maT] %
] s e PR |-mmmmemee | =z | -=nmmn |
1 4.561 VB 0.2008 233.0513s8 22.08B678 96.8908
2 8.008 EBP 0.2%08 9.40384 4.88036e-1  3.1092

Totals : 302.45521 22.57481

Results obtained with enhanced integrator!

Instrument 1 5/26/2016 7:00:52 PM MP Page 1 of 1

95



Interaction of resveratrol 1 with CYP4F12 enzyme. According to protocol A, interaction
of resveratrol 1 (10uL) and CYP4F12 enzyme (20uL) produced the crude mixture which,

according to HPLC, contained piceatannol 7 (98%; t: = 4.65min; resveratrol 1, tr = 8.05min).

Data File C:‘\HPCHEM\1\DATA\JJENSEN“"JJ30-4.D Sample Hame: JJI0-4
4.22.16 JJI30-4, Isccratic single bottle delivery 1:3 Ac
H:Di-H20 mobile phase, 1.0 ml/min. flowrate
Sample name:JT-30 BV/4F12 NS Crude 4.21.16

e

Injection Date : 4/22/2016 B:02:55 AM
Sample Hame i I JTI0-4 Vial : 1
Aog. Operator E O
Inj Veolums : 30 ul
Acocg. Method i C: ZWHPCHEM), 1WMETHODS \SAMCAPL .M
Last changed : 27262016 T:10:36 PM by JJ
Analysis Method : C:'\HPCHEM)\1\METHODS\SAMCAPL.M
Last changed : 57262016 6£:31:09 PM by MP
{modified after loading)
DAL, Sig =300 50 Touf =360, 100 (JOENSEM IS0
nﬂ; 1 I Piceatannol
] | g
el | | I
1 I
& | | Pic:RY
] | | G2
.
: |
3 |
2 1 |
Z . '
14 [ I [ Resveratrol
} | |.'._ | I. tg
o- I ! = x“ﬁ T "7—1—?—Jq*m T w v |
o 2 & B B 10 'z man
Area Fercent Report
Sorted By H Signal
Multiplier ) 1.0000
Dilution : 1.0000
Sample Amount H 1.00000 [ngful) (not used in calc.)

Signal 1: DAD]L B, Sige=320,30 Ref=360,100

Peak RebtTime Type Width Area Heaight hrea
# [min] [min] [mAU=g] [mAL] %
1 4.653 FB 0.2125 85.73T732 6.23170 9T . T465
2 B.053 BB Q.27HF 1.37667 B.48275e~-2 Z2.2535
Totals : 87.71452 §.31652

Results obtained with enhanced integrator!

Instrument 1 5,/26/2016 6:34:04 PM MP Page 1 of 1
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Synthesis of piceatannol-ortho-quinone 8 (Pic-Q).

OH
l OH
Mn02
— >
™
acetone
HO ‘ OH
7 8

(E)-4-(3°,5’-Dihydroxystyryl)cyclohexa-3,5-diene-1,2-dione (8). Manganese (IV) oxide
(39.2 mg, 0.45 mmol) was added to a solution of piceatannol 7 (12.2 mg, 0.05 mmol) in acetone-
ds (3 mL) and stirred in an open air at 20 °C for 2 h (HPLC control, aliquot was centrifuged
25min; 7 t, = 5.18min; 8 t; = 6.30min). The reaction mixture was centrifuged for 25 min (2 test
tubes) and red solution was analyzed by means of *H/"*C NMR and MS spectroscopy (protected
from light and kept at -78°C). Yield of individual ortho-quinone 8 (Pic-Q) cannot be determined
because of its extreme instability: when pumped to dryness under reduced pressure, black solid

undergoes partial decomposition when stored at room temperature over 30 min (NMR).

Pic-Q 8: black solid (forms red solution in acetone). *H NMR (400MHz, §, ac-ds; sample is
filtered in an open air through acetone-washed cotton): 6.43 (1H, t, 4’-H, Jay = 2.2), 6.45 (1H, spl
d, 3-H, J = 1.6), 6.47 (1H, d, 6-H, J = 10.4), 6.70 (2H, d, 2’-H, 6’-H, J = 2.0), 7.15 (1H, d,
HC=CH, J = 16.4), 7.50 (1H, d, HC=CH), 7.80 (1H, dd, 5-H, J = 2.0), 8.54 (2H, s, 20H). 13C
NMR (100MHz, &, ac-dg, -15 °C): 104.88 (C4°), 106.59 (C2°/C6’), 125.23, 126.38/126.48 (split
signal supposedly due to the slow rotation at low T), 130.50, 137.29, 138.30, 139.32, 147.30

(C3-Co, HC=CH, C1°), 159.48 (C3°/C5"), 180.31, 180.99 (C1, C2). MS ESI/APCI+: m/z calcd
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for C14H1004Na MNa* 265.0471, found 265.0469. The MNa" peak is of low intensity because of

the instability of the compound in a pure form even at room temperature (in the course of MS

analysis, compound is exposed to 200°C for several nanoseconds), and also supposedly because

of the low ionization efficiency. Given the instability of ortho-quinone 8, no diagnostic peaks

were detected in the LIFDI analysis, or in an ESI/APCI probe in the absence of spiking with Na.

For comparison, under analogous conditions piceatannol 7 shows an intense MH" peak at

245.0834 along with a low intensity peaks at 267.0632 (MNa*) and 265.0502 (MNa*-2; formed

supposedly by oxidation of PIC 7 in the course of the MS analysis).

Stability studies:

test #1 (stability in solution): by NMR, ortho-quinone 8 stable in acetone-de solution at -
15 °C for 20h;

test #2 (stability in solution): by NMR, ortho-quinone 8 stable in acetone-des solution at -
80 °C for 7 days;

test #3 (stability of ortho-quinone 8 in solid form at room temperature): solution of 8 in
acetone-ds was evaporated to dryness under reduced pressure, black residue was kept in
an open air for 5 min at room temperature (residue remained black with no visual
changes in its appearance), then dissolved in acetone-ds and analyzed by NMR (red
solution of a lesser intensity). Additional signals are visible in the NMR spectrum
indicating a partial decomposition of ortho-quinone 8;

test #4 (stability of ortho-quinone 8 in solid form at room temperature): solution of 8 in
acetone-ds was evaporated to dryness under reduced pressure, black solid was kept in an

open air for 30 min at room temperature (residue turned dark purple), then dissolved in
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acetone-ds and analyzed by NMR (orange solution). Along with signals of ortho-quinone
8, those of decomposition products became more prominent indicating a major

decomposition of the former;

Data File C:\HPCHEM\1\DATA\JJENSEN\JJ-26-3.D Sample Name: JJ-26-3

12.15.15, JJ-26-3, find:Pic-Q retention time @ 1 mL flo
wrate, Isocratic-single bottle 100% 1:3 (A), Sample Nam
es:JJ-26 Pic-Q Synthsized 12.11.15

Injection Date

12/15/2015 7:00:15 PM

Sample Name JJ-26-3 Vvial : 3
Acg. Operator 1 JJd

Inj Volume : 1 ul
Acg. Method : C:\HPCHEM\1\METHODS\SAMCAP1.M
Last changed : 12/15/2015 6:59:02 PM by JJ

(modified after loading)
Analysis Method : C: \HPCHEM\ 1\METHODS\ SAMCAP1 .M
Last changed : 6/1/2016 9:40:55 AM by MP
(modified after loading)
DADT E, 5ig=320,30 Ref=360,100 (JJENSEN\JJ-26-3.D)

mAU 1 Piceatann%l-Quinone

45 8

1

40

35

30

25

20

IR R NS N R |

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Sample Amount : 1.00000 [ng/ull (not used in calc.)

Signal 1: DAD1 E, Sig=320,30 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
meeslemno-e- ] B | =mmomomoe |-----mso-- |=ommne-- |
1 6.216 VB 0.3786 1309.07776 45.11102 100.0000
Totals : 1309.07776 45.11102

Results obtained with enhanced integrator!

**% End of Report ***

Instrument 1 6/1/2016 9:41:21 AM MP Page 1 of 1

99



o test #5 (stability on the TLC plate): red color instantaneously disappears when a solution
of ortho-quinone 8 in acetone-des is applied to silicagel. Development of TLC plate in
acetone, as an eluent, did not show any mobile organic spots indicating a complete

decomposition.

Interaction of piceatannol 7 with CYP1AL enzyme. According to protocol A, interaction
of piceatannol 7 (10uL) and CYP1Al enzyme (20uL) produced the crude mixture, which
according to HPLC, contained piceatannol-ortho-quinone 8 (83%; t = 6.35min; piceatannol 7, tr

= 4.30min).
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Data File C:\HPCHEM\1\DATA\JJENSEN'JJ40-1.D Sample Name: JJ40-1

4.7.16 JJ40-1, Crude Pic/1Al, Isocratic single bottle d
elivery 1:3 AcN:Di-HZO mobile phase, 1.0 mL/min. flowra
te

Sample name: JJ-40 Crude Pig/lAl 4.6.186

Injection Date : 4/7/2016 5:10:43 PM
Sample Name : JJ40-1 Vial : 22
Acg. Operator [ v )

Inj Volume : 30 ul
Acg. Method 1 C:\HPCHEM)\1'\METHODSYSAMCAF1l.M
Last changed : 4f7/2016 3:24:38 PM by JJ

(modified after loading)
Analysis Method : <:“HPCHEM\1\METHODS\SAMCAP1.M
Last changed 1 6172016 9:21:43 AM by MP
modified after loading)
DAD E, Sig=320,30 Rel=380, 100 [JJEMNSENII40-1.0)

275 Piceatannol-Quinone

2 L]

75 [ﬂ,
2 |
I el

o =L

.,._
n
™
=
o
-
2

Area Percent Report
-

Sorted By t S8ignal
Multiplier H 1.0000
Dilution i 1.0000
Sample Amount : 1.00000 [ng/full (not used in calec.)

8ignal 1: DAD1 E, Sig=320,30 Ref=360,100

FPeak RetTime Type Width Araa Height Area
# [min] [min] [mAU*s] [maU] %
1 4.285 VP 0.2595 6.68450 4.20497e-1 16.5650
2 6.352 BB 0.3033 33.6687T2 1.75877 83.4350
Totals : 40.35322 2.17927

Repulte obtained with enhanced integrator!

T - e S e e = o

Instrument 1 &/1/2016 9:21:49 AM MP Page 1 of 1
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