Quercetin’s Powerful Influence: Cytoprotective,
Antioxidant, and Immunomodulatory

Discussion

Quercetin is a prominent member of the vast polyphenol
family. These naturally-occurring biochemical compounds
are produced by plants as part of their defense system.
Vegetables, fruits, whole grains, and herbs provide
an abundance of these complex and diverse plant
micronutrients. Of over 10,000 known polyphenolic
compounds, almost half are flavonoids. First discovered
in 1930 by the Nobel Prize laureate Albert Szent-Gyorgyi,
flavonoids are readily bioavailable and promote health in
numerous ways."? Diets high in plant polyphenols are found
to correlate with increased health and decreased incidence
of chronic degenerative disease."®

The flavonol quercetin is ubiquitous in the plant kingdom.
The highest levels occur in onions, broccoli, curly kale, leeks,
apples, asparagus, red leaf lettuce, cherries, black currants,
buckwheat, wild greens, and Camellia sinensis.*¢® A diet that
includes an abundance of fresh fruits and vegetables can
provide as much as 200 mg/day of quercetin.®

QUERCETIN: DIVERSE BIOLOGICAL INFLUENCE

Quercetin offers a diverse range of biological influence and is
best known for its potent antioxidant and anti-inflammatory
activity. It is also known to offer immunomodulatory
benefits."27° Largely because of these actions, quercetin
is notable for its cytoprotective and neuroprotective
influence.!”

Quercetin is found to act as a vasodilator, to benefit
cardiovascular health, and to reduce hypertension. It is
also found to be beneficial in the prevention and treatment
of cancer and cardiovascular disease. Quercetin is noted
for its ability to promote overall health and is widely used
to treat and prevent allergies and both bacterial and viral
infections.!”812
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Cytoprotective

Flavonoids are known for their cytoprotective influence.
Quercetin is found to protect cells directly through its
antioxidant activity and indirectly through other mechanisms.

Quercetin protects cellular health through its ability to
chelate metal ions, including iron, and to inhibit superoxide
production (O2-). Both these activities help prevent the
formation of ROS. Chelation of metal ions helps reduce
the concentration of ions such as iron, cadmium, and
other metals that generate ROS which damage the cellular
membrane and cellular components.”’

As a powerful antioxidant, quercetin inhibits free-radical
damage, scavenges free radicals, and increases glutathione
concentrations. It is found to strongly inhibit lipid
peroxidation. These actions contribute to quercetin’s ability
to protect DNA, the cellular mitochondria, and the cellular
membrane from oxidative damage.>”'*

Neuroprotective

Like many polyphenolic compounds, quercetin is found to
be neuroprotective in all stages of human development from
infancy through old age.”>" Studies in vivo and in vitro show
that quercetin is protective against neurotoxic chemicals,
neuronal injury, and in neurodegenerative disease. While this
influence is partially explained by its antioxidant and anti-
inflammatory activity, the exact mechanisms have yet to be
clearly elucidated.® Studies find that quercetin does indeed
pass through the blood-brain barrier.®

Anticancer Influence

Quercetin benefits cellular health and is widely researched
for its ability to inhibit abnormal cell growth. It is reported to
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be antiangiogenic and able to induce normal apoptosis.'®2*
Quercetin is known to promote apoptosis of cancer cells,
which is a property of many flavonoids. It is found to act as
an anticarcinogenic and antiproliferative.”’#?> Studies report
that quercetin exerts direct anticancer influence. Diets high
in quercetin are correlated with lower incidence of certain
types of cancers in a number of studies.”

Quercetin exhibits both antioxidative and anti-inflammatory
activity. It inhibits NF-kB (nuclear factor k-B), downregulates
production of pro-inflammatory cytokines, and modulates
other inflammatory pathways.” Many flavonoids, including
quercetin, are well-known for their ability to modulate cell
signaling.? Quercetin is known as a phytoestrogen that
interfaces with estrogen-responsive receptors. It is found to
interact with the cannabinoid CBI receptor, which exerts an
inhibitory effect on cell growth.”

Quercetin is found to inhibit transcription of heat shock
protein and other factors that influence cellular oxygen
status in oncogenesis. Quercetin is also found to inhibit
tumor invasion and metastasis through influencing various
MMPs (matrix metalloproteinases) and other pathways.’

Studies indicate that quercetin may be helpful to resensitize
cancer cells to chemotherapy and to help reduce or reverse
multi-drug resistance. It is suggested that quercetin helps
potentiate the beneficial actions of some chemotherapeutic
agents.’

Immunomodulatory

Quercetin modulates inflammatory pathways including the
NF-kB, COX (cyclooxygenase) and LOX (lipoxygenase).?’=°
Studies find it down-regulates NF-kB and EGF (epidermal
growth factor) expression and improves cell signaling.3°34 It
mediates TLR (toll-like receptor) expression and influence.
TLRs play key roles in innate and adaptive immune response
systems. They comprise the recognition and signaling aspect
of the immune response.?

Allergy Relief and Antimicrobial Activity

Quercetin benefits those suffering from allergies primarily
due to its antihistamine activity.®® It inhibits formation of the
mast cells which play a key role in allergic reactions. Quercetin
influences mast cells through modulation of multiple factors
and pathways that influence their activation and inhibition.”

Mast cells participate in allergies, immunity, and inflammation
by secreting pro-inflammatory cytokines. This includes
histamine, prostaglandin D2, leukotrienes, specific cytokines,
and proteolytic enzymes.’
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Quercetin is found to inhibit histamine and some cytokine
release frombasophils and mast cells. Itis shown to effectively
prevent mast cell degranulation and histamine release. It
can inhibit histamine release by 52% to 77%.3° Quercetin is
found to stabilize mast cell walls by various mechanisms. It
decreases capillary fragility and inhibits pro-inflammatory
processes including formation of prostaglandin PGE.2™

Quercetin is found in vitro and in vivo to exert antibacterial
and antimicrobial activity. It is found effective against various
species including Porphyromonas gingivalis and Helicobacter
pylori” Studies report that quercetin also demonstrates
antiviral influence through multiple mechanisms.”

Cardiovascular Health

There is a large body of research that demonstrates the
benefits of quercetin for cardiovascular health. Overall, a
positive correlation is seen between a high intake of dietary
flavonoids and a reduction in disease and mortality from
cardiovascular disease."”

Quercetin is found to act as a vasodilator, to exert antiplatelet
influence, and to benefit endothelial function.?'> Because
of these actions, quercetin is found to help reduce blood
pressure.”?> In both human and animal models of systemic
hypertension, quercetin is found to help reduce the
adverse effects of hypertension in the vascular and cardiac
systems.”?5

Quercetin demonstrates a significant beneficial effect in
lowering blood pressure and is considered a useful adjunctin
antihypertensive therapy.2'? Quercetin calms inflammation,
benefits endothelial function, and demonstrates the ability
to significantly reduce LDL-C.2

Metabolic and Eye Health

Some studies indicate that quercetin helps lower blood
glucose and supports pancreatic beta-cell activity. It is
found to be protective against internal damage caused by
high glucose levels and to enhance repair of vascular and
other tisuses.?” Quercetin is also found to modulate various
inflammatory factors that mediate inflammation and insulin
resistance in human adipocyte tissue.®

Because of its cytoprotective, antioxidative, and other actions,
quercetin is considered beneficial for use in early AMD (age-
related macular degeneration). An in vitro study concludes
that quercetin exerts a beneficial effect on the retinal pigment
epithelium cells protecting them from oxidative damage,
stress-induced changes, and cellular aging.’
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Additional Ingredients that Enhance
Quercetin’s Multi-Actions

Vitamin C

— Vitamin C is a water-soluble vitamin that is an

essential cofactor in many biochemical and
enzymatic reactions throughout the body. Widely
known for its antioxidant capacity, it plays a key role in the
redox recycling of antioxidants including vitamin E.?®

Nettle Leaf (Urtica dioica)

Stinging Nettle is a time-revered herbal panacea
and nutritive tonic used as a medicine, home

remedy, and food for thousands of years. Nettle
leaf is a traditional remedy for those suffering with allergies.
As a lung tonic, Nettle is traditionally used for asthma,
mucus conditions of the lungs, and chronic coughs. Nettle
tincture is also valued to alleviate flus, colds, bronchitis, and
pneumonia.®

Nutrient-dense Nettle leaf offers a wide spectrum of
bioavailable minerals including iron, potassium, calcium, and
silica. High in chlorophyll, Nettle leaf provides a rich source
of carotenoids along with vitamins C, K, and B. Nettle also
contains high levels of protein (about 10%). Stinging Nettle
is well-known for its ability to enhance healthy immune
response and overall health.*® The stinging hairs of Nettle
leaf are found to contain histamine, betaine, choline,
acetylcholine, serotonin, and formic acid.*

Organic freeze-dried Nettle maintains some of the activity
of the fresh plant and is found to exert an antihistamine-like
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effect, while tonifying and firming inflamed tissues. In the late
1980s, scientists studying the differences between dried and
freeze-dried herbs discovered that freeze-dried Nettle leaf
alleviated one of the researcher’s hay fever. Subsequently,
a randomized double-blind study showed that 58% of hay
fever sufferers given freeze-dried Nettle rated it moderately
to highly effective.*

An in vitro study found that Nettle leaf extract inhibits
inflammatory processes involved with seasonal allergies.
It inhibits histamine response and helps prevent mast cell
degranulation and subsequent release of pro-inflammatory
mediators. Nettle extract is found to inhibit prostaglandin
formation through several pathways including inhibition of
COX-1 and COX-2 pathways.*

Bromelain (Ananas comosus)

Bromelain, a proteolytic enzyme, is a component
of pineapple commonly used as a digestive

aid. It demonstrates anti-edematous,  anti-
inflammatory, and fibrinolytic activities. Bromelain exerts
immunomodulatory influence and is found to modulate
cytokines.#4 The therapeutic effects of bromelain are
enhanced at higher doses.*

For more information on any of the ingredients listed here,
including extensive research or individual monographs compiled
by Donnie Yance, please email info@naturaedu.com.

WY 2/ /

AT
T NATURA| 3

RODUCTS



References

Lakhanpal P, Rai DK. Quercetin: a versatile flavonoid. Internet | Medical
Update. 2007 Jul-Dec. 2(2):22

Mazloom Z, Adbollahzadeh SM, et al. The effect of quercetin
supplementation on oxidative stress, glycemic control, lipid profile and
insulin resistance in type 2 diabetes: a randomized clinical trial. } Health
Sci Surveillance Sys. 2014. 2(1):8-14.

Manach, C, Scalberi, A, Morand, C, et al. Polyphenols: food sources and
bioavailability. Am | Clin Nutr. May 2004. 79(5).727-747.

Tsao R. Chemistry and Biochemistry of Dietary Polyphenols. Nutrients
2010. 2:1231-1246; doi:10.3390/nu2121231

Pandey K, Rizvi S. Plant polyphenols as dietary antioxidants in human
health and disease.Oxidative Medicine and Cellular Longevity.
November/December. 2(5):270-278.

Costa LG, Garrick JM, et al. Mechanisms of neuroprotection by quercetin:
counteracting oxidative stress and more. Review article. Oxidative
Medicine and Cellular Longevity. 2016. Article ID 2986796. 10 pages.
Hindawi Publishing. doi:10.1155/2016/2986796

Smith AJ, Oertle J, et al. Quercetin: a promising flavonoid with a dynamic
ability to treat various diseases, infections, and cancers. } Cancer Therapy.
2016. 7:83-95. doi:10.4236/jct.2016.72010

Chuang CC, Martinez K, et al. Quercetin is equally or more effective than
resveratrol in attenuating tumor necrosis factor-a-mediated inflammation
and insulin resistance in primary human adipocytes. AmJ Clin Nutr.
2010.92:1511-1521.

Borbulevych OV, Jankun J, et al. Lipoxygenase interactions with natural
flavonoid, quercetin, reveal a complex with protocatechuic acid in its X-ray
structure at 2.1 A resolution. Proteins. 2004 Jan 1. 54(1):13-19.

Hou L, Zhou B, et al. Inhibition of human low density lipoprotein
oxidation by flavonols and their glycosides. Chem Phys Lipids. 2004
May.129(2):209-219.

Al-Fayez M, Cai H, et al. Differential modulation of cyclooxygenase-
mediated prostaglandin production by the putative cancer
chemopreventive flavonoids tricin, apigenin and quercetin. Cancer
Chemother Pharmacol. 2006 Mar 22. Cancer Biomarkers and
Prevention Group.

Serban MC, Sahebkar A, et al. Effects of quercetin on blood pressure:

a systematic review and meta-analysis of randomized controlled trials.
JAHA. 2016.5:e002713. doi: 10.1161/JAHA.115.002713

Shin HS, Yoo JH, et al. Effect of quercetin on the activity and mRNA
expression of antioxidant enzymes and physiological responses in olive
flounder (Paralichthys olivaceus) exposed to cadmium. Asian-Aust | Anim
Sci. 2010 June. 23(6):742-749.

Hou L, Zhou B, et al. Inhibition of human low density lipoprotein
oxidation by flavonols and their glycosides. Chem Phys Lipids. 2004
May:129(2):209-19.

Dajas F, Rivera-Megret F, et al. Neuroprotection by flavonoids. Braz
Med Biol Res. 2003 Dec 36(12):1613-1620. Epub 2003 Nov 17.

Dajas F, Rivera F, et al. Cell culture protection and in vivo neuroprotective
capacity of flavonoids. Neurotox Res. 2003:5(6):425-432.

Kovalenko TM, Osadchenko 10, et al. Neuroprotective effect of quercetin
during experimental brain ischemia. Fiziol Zh. 2006: 52(5):21-27.
Hertog MGL, Feskens EJM, et al. Dietary flavonoids and cancer risk in the
Zutphen elderly study. Nutr Cancer 1994. 22:175-184.

Castillo MH, Perkins E, et al. The effects of the bioflavonoid quercetin on

TEALTH PRODUCTS®

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

squamous cell carcinoma of head and neck origin. Am ] Surg.1989:351-
355.

Stavric B. Quercetin in our diet: from potent mutagen to probably
anticarcinogen. Clin Biochem. 1994. 27:245-248.

Zhong X, Wu K, et al. Effects of quercetin on the proliferation and
apoptosis in transplantation tumor of breast cancer in nude mice.
Sichuan Da Xue Xue Bao Yi Xue Ban. 2003 Jul. 34(3):439-442.

Kim YH, Lee Y]. TRAIL apoptosis is enhanced by quercetin through Akt
dephosphorylation. | Cell Biochem. 2007 Mar 1. 100(4):998-1009.
Chen YC, Shen SC, et al. Flavone inhibition of tumor growth via apoptosis
in vitro and in vivo. Int J Oncol. 2004 Sep. 25(3):661-670.
Pratheeshkumar P, Budhraja A, et al. Quercetin Inhibits Angiogenesis
Mediated Human Prostate Tumor Growth by Targeting VEGFR- 2
Regulated AKT/mTOR/P70S6K Signaling Pathways. PLoS One. 2012.
7(10):e47516. doi: 10.1371/journal.pone.0047516. Epub 2012 Oct 18.
Morales-Cano D, Menendez C, et al. The flavonoid quercetin reverses
monocrotaline-induced pulmonary hypertension. European Respiratory
Journal. 2014. 44:P2365.

Bhaskar S, Shalini V, Helen A. Quercetin regulates oxidized LDL induced
inflammatory changes in human PBMCs by modulating the TLR-NF-kB
signaling pathway. Immunogiology. 2011 March. 216(3):367-373. doi:
10.1016/j.imbi0.2010.07.011

Al-Fayez M, Cai H, et al. Differential modulation of cyclooxygenase-
mediated prostaglandin production by the putative cancer
chemopreventive flavonoids tricin, apigenin and quercetin. Cancer
Chemother Pharmacol. 2006 Mar 22. Cancer Biomarkers and
Prevention Group.

Banerjee T, Van der Vliet A, Ziboh VA. Downregulation of COX-

2 and INOS by amentoflavone and quercetin in A549 human lung
adenocarcinoma cell line. Prostaglandins Leukot Essent Fatty Acids.
2002 May-Jun. 66(5-6):485-492.

Jones DJ, Lamb JH, et al. Characterisation of metabolites of the putative
cancer chemopreventive agent quercetin and their effect on cyclo-
oxygenase activity. Br ) Cancer. 2004 Aug 3.

Xiao X, Shi D, et al. Quercetin Suppresses Cyclooxygenase-2 Expression
and Angiogenesis through Inactivation of P300 Signaling. PLoS One.
2011. 6(8):22934. Epub 2011 Aug 8

Nicosia SV, Bai W, et al. Oncogenic pathways implicated in ovarian
epithelial cancer. Hematol Oncol Clin North Am. 2003 Aug:17(4):927-
943.

Lee LT, Huang VYT, et al. Blockade of the epidermal growth factor receptor
tyrosine kinase activity by quercetin and luteolin leads to growth inhibition
and apoptosis of pancreatic tumor cells. Anticancer Res. 2002 May-jun.
22(3):1615-1627

Vijayababu MR, Kanagaraj PP, et al. Effects of quercetin on insulin-like
growth factors (IGFs) and their binding protein-3 (IGFBP-3) secretion and
induction of apoptosis in human prostate cancer cells. ] Carcinog. 2006
Apr 6. 5(1):10.

Van Erk MJ, Roepman P, et al. Integrated assessment by multiple

gene expression analysis of quercetin bioactivity on anticancer-related
mechanisms in colon cancer cells in vitro. Eur J Nutr. 2004 Apr 30.
Thornhill SM, Kelly AM. Natural treatment of perennial allergic rhinitis.
Altern Med Rev. 2000 Oct. 5(5):448-454.

Kempuraj D, Madhappan B, et al. Flavonols inhibit proinflammatory

www.NaturaEDU.com



37.

mediator release, intracellular calcium ion levels and protein kinase C
theta phosphorylation in human mast cells. Br | Pharmacol. 2005 Aug.
145(7):.934-944.

Kook D, Wolf AH, et al. The protective effect of quercetin against oxidative
stress in the human RPE in vitro. Invest Ophthalmol Vis Sci. 2008 April.
49(4):1712-1720. doi:10.1167/iovs.07-0477

Vitamin C

38.

Higdon J. Vitamin C. 2000. Linus Pauling Institute. Oregon State
University. Updated and Reviewed in 2013 by Frei B and Michaels AJ.
http://Ipi.oregonstate.edu/mic/vitamins/vitamin-C

Nettle

39.

40.

Fisher C. Nettles: an aid to the treatment of allergic rhinitis. Eur ] Herbal
Med. p34-35.

Mittman P. Randomized, double-blind study of freeze-dried Urtica dioica
in the treatment of allergic rhinitis. Planta Med. 1990 Feb. 56(1):44-47.

471. Roschek B, Fink RC, et al. Nettle extract (Urtica dioica) affects key
receptors and enzymes associated with allergic rhinitis. Phytother Res.
2009 Jul. 23(7):920-926. doi: 10.1002/ptr.2763.

Bromelain

42. Maurer HR. Bromelain: biochemistry, pharmacology and medical use.
Cell Mol Life Sci. 2001 Aug: 58(9):1234-45.

43. Wallace JM. Nutritional and botanical modulation of the inflammatory
cascade--eicosanoids, cyclooxygenases, and lipoxygenases--as an adjunct
in cancer therapy. Integr Cancer Ther. 2002 Mar:1(1):7-37.

44, Kelly, GS, ND. Bromelain: A Literature Review and Discussion of its

Therapeutic Applications. Alt Med Rev 1996:1(4):243-257.

www.NaturaEDU.com

TEALTH PRODUCTS®



