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Abstract
In this short commentary, chemical point of view on possible physiological, pharmacological and

toxicological effects of polyphenolic xenobiotics of natural origin is presented, particularly in reference to
their consumption with diet, functional food and dietary supplements. Since proportion of natural phe-
nolics among plant secondary metabolites which are ingested with fruits, seeds, nuts, herbs, spices, and
vegetables (highly recommended for human well - being) is high, the question of possible toxic effects of
these compounds, their possible contaminants, and adulterations, should not be ignored. Few examples,
with some focus on ubiquitous flavonoids, are discussed in certain detail, in order to expose complexity
of interactions between phenolic chemicals and biological networks such as mammal organisms. In view
of strong tendency towards self-medication with help of complementary and alternative medicine (CAM)
means, which are now widely available through retails and e-commerce, caution should be advised, par-
ticularly when multicomponent preparations with inadequately specified content and chemical purity
are taken into account.
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Introduction

Healthcare is of primary concern for individuals,
as well as for every social organization imaginable,
and pharmacological interventions with a prescrip-
tion drug (or equivalent preparation) application
are considered as an imminent part of a post-di-
agnosis treatment. For most of global population
medications acquired from natural sources must
suffice, because of unavailability and unafforda-
bility of modern western medicines designed and
developed in industrialized countries [1-4]. Para-
doxically, affluent societies are also plagued with
a multitude of health problems among which epi-
demic increase in metabolic syndrome (including
diabetes and cardiovascular ailments), cancer, and
neurodegeneration are not less deadly than much
feared communicable and parasitic diseases. Gener-
ally unsatisfactory performance of pharmaceutical
industry in fulfillment of efficacious and affordable

drug delivery mission, has resulted in translation
of traditional ethnopharmacology and academic
pharmacognosy into new search tools for extend-
ing natural products exploited thus far in the CAM
niche into more general quest for individualized
self-healthcare management with use of plant ma-
terials [5,6]. Traditional pharmacognosy identified
plethora of plant natural products (secondary me-
tabolites; SM) for which now sound scientific data
exist, supporting deeply rooted hypothesis concern-
ing their beneficial human health effects. In pop-
ular belief medicinal products are safe when used
according to prescription and the same applies to
wide selection of “natural” medicines. Since in fact
there is a basic difference in safety level between
clinically validated registered drugs and rather
poorly specified herbal materials, some discussion
of advances in evaluation of main categories of nat-
ural products chemical analysis and pharmacologi-

Cite this article: Plant Phenolics in Complementary and Alternative Medicine and In Self-Medication: Am

] Toxi & Res. 2019; 1(2): 001-005.



cal/toxicological testing seems timely.
Plant Phenolics as Biologically Active Constitu-
ents of Diet and Dietary Supplements

Due to advancements in life sciences and readily
available medical information (www), large number
of people undertake various individual activities in-
volving some diet modification or supplementa-
tion, aimed at health preservation or therapeutic
intervention, outside of official healthcare systems,
which are often judged insufficiently available
and non-efficient [5]. In the western world, there
is plenty of room for such activities since apart
from tightly regulated prescription pharmaceutical
preparations dispensed by retail pharmacies, large
poorly controlled markets exist for “natural rem-
edies” like herbal drugs, phytochemicals, dietary
supplements, functional foods, and even individu-
al active ingredients of plant origin [7-9]. Natural
products have served as the principal inspiration for
drug discovery efforts since 19th century, when iso-
lation of distinctly biologically active plant alkaloids
coincided with birth of synthetic organic chemistry
and dawn of the era of man-made pharmaceuticals.
Current estimates reporting over 250 thousand spe-
cies of flowering plants to occur globally, concom-
itantly indicate that relatively low fraction of the
resources have been thoroughly explored thus far.
Nevertheless, majority of contemporary drugs in
many therapeutic areas (e.g. anticancer, antibacte-
rial, antiviral) are derived directly or through some
minor synthetic modifications from natural sources
[4,9]. Secondary metabolites (SM) of various bioge-
netic origin, which contain hydroxylated aromatic
(phenolic) components in their structure, comprise
the largest proportion of total collection of natu-
ral products, presently estimated at 200 thousand
chemical individuals of low molecular weight. These
compounds are most often referred to as polyphe-
nols or polyphenolics, which suggests multiple hy-
droxylation of the aromatic rings. This classification
stems from tradition of the plant constituents inves-
tigation, aimed primarily at technical applications
like animal skin tanning into leather, natural dyes,
and connected technologies of the past [10-12]. For
the purpose of this short review we prefer to apply
for such SM less restrictive term of plant phenolics,
which include not only monohydroxylated aromat-
ics but also their derivatives such as glycosylated or
alkylated phenolic compounds. The main categories
of plant phenolics, ubiquitous in edible plants are:
hydroxybenzoic acids; flavonoids (flavones, flava-
nols, flavonols, isoflavones, aurones, anthocyani-
dins, procyanidins); stilbenes; lignans; coumarins
[13-15]. All that compounds feature chemical func-
tionality rendering them strong antioxidative prop-
erties, believed to play supportive role for intrinsic

cellular mechanisms responsible for scavenging ag-
gressive reactive oxygen species, which can threat-
en integrity of biomacromolecules and biological
membranes [7,11,16]. Naturally, apart from gener-
ic properties such as antioxidative action (which
is often associated with anti-inflammatory activi-
ty) individual plant phenolics feature complex and
pleiotropic network pharmacology [17-19], further
complicated by diverse pharmacokinetics and me-
tabolism of the host and its microbiome [20]. In tra-
ditional pharmacognosy and also throughout 20th
century, herbal materials allowed in medicine on
basis of well documented “established use” were
often specified by use of modern analytical tech-
niques, but determination of one selected marker
- a low molecular chemical compound of known
structure and biological activity, was considered
sufficient from the point of view of quality assur-
ance and patients safety. We have inherited from pe-
decessors vast knowledge on how certain plant con-
coctions can help curing common human ailments.
Excerpt from a large collection of commonly used
plants, popular in the West and gradually absorb-
ing from Ayurvedic and Traditional Chinese Medi-
cine sources, include among others: Curcuma longa
L. (turmeric); Echinacea purpurea L. (echinacea);
Ginkgo biloba L. (ginkgo); Hypericum perforatum
L. (St John's wort); Panax ginseng L.A. Mey. (panax);
Valeriana officinalis L. (valeriana); Matricaria cham-
omilla L. (chamomile); Allium sativum L. (garlic);
Trigonella foenum-graecum L. (fenugreek); Sylibum
marianum gaertn. (milk thistle); Tanacetum parthe-
nium Schultz-Bip. (fewerfev);  Zingiber officinalis
Roscoe. (ginger). Owing to the extensive research
efforts in academic phytochemistry, structural iden-
tification of one of more active ingredients of the
healing plants were achieved during 20th century,
advancing herbal materials to the level of stand-
ardized medicines. Gradually, it became evident
that certain types of biogenetic pathways are more
widespread in the plant kingdom, resulting in com-
mon occurrence of such compounds like phenolics
(an their sub-class, flavonoids), which apparently
can play multiple roles in plant physiology and also
in their environmental interactions. Remarkable
advances in complex and sophisticated analytical
techniques now can assure separation, structure
elucidation and quantification of multicomponent
mixture, even below nanomolar level, in a single ex-
periment. As a result in a revolutionary change in
potential of combined analytical technologies like
HPLC/MS/MS ; GC/MS ; CE/MS and HPLC/NMR,
multinuclear NMR and accelerator MS, a single com-
pound monitoring became completely obsolete. The
current standard of phytochemical analysis, which
developed in great part as a translation of proteom-
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ic studies, has gone through a transient phase of
chemical fingerprinting, which strive for identifica-
tion of as many natural compounds in a biological
material sample as possible and arrived at metab-
olomics (elucidation of entire collection of low mo-
lecular weight compounds of primary and second-
ary metabolism) and metabonomics (indicating
qualitative and quantitative changes in metabolome
under influence of disease, pathogens, therapeutic
intervention, diet, life style, etc.) [21-23]. Natural-
ly, such radical change in a way of system biology
description, in terms of array of biochemical mole-
cules composition and their content dynamics, re-
quires processing a large amount of data and spe-
cific logistics supported by IT, for their handling. It
will suffice to mention here that human metabo-
lome itself may contain as many as 150 thousand of
small molecules, and its interactions with “foreign”
metabolomes of edible plants and human micro-
biota, inevitably creates a network of biochemical
interactions of paramount complication. Function-
al analysis of such metabonomic situation must be
extremely difficult, considering a number of varia-
bles to be accounted for, which come from changes
in: genetics (e.g. SNP - single nucleotide polymor-
phism), microbiome, epigenetics, and level of expo-
sure to environmental chemicals. [24]. It is not sur-
prising that postulates like necessary prevention,
and need for personalized medicine and precision
nutrition, now replace old fashion ideas and prac-
tices based on simplified notion of the ailment -
treatment relationship [5,25,32]. Such calls are not
without response from general public, which is anx-
ious to cope with increasingly evident threat from
so called civilization diseases, comprising metabolic
syndrome with cardiovascular diseases, cancer and
neurodegeneration, not to mention possible epi-
demic of communicable diseases. Throughout the
changes from ethnopharmacology to metabolomics
based systems biology, plant phenolics have man-
aged to retain an opinion of multi-target biologically
active compounds which feature a variety of selec-
tive toxicities with prospective utility as drug leads
for treatment of cancers, parasitic diseases, bacteri-
al and viral infections, etc. [3,11,26,27]. Their gen-
eral, supposedly beneficial anti-oxidant activities
may not be sufficient reason for uncontrolled distri-
bution and use; despite of the facts that increasing
number of individual plant phenolics already have
sound pharmacological monographs, caution and
calculated risk analysis should be advised, especial-
ly when poorly specified plant tissues, extracts and
concentrates are considered. [t should be mentioned
that even for renown manufacturers of dietary sup-
plements, independent expert analyses revealed
considerable differences between label composition

and real content of the active ingredients [28].
Raw plant materials can be unintentionally con-
taminated with bacteria or other biologics, as well
as with heavy metals or soil constituents [29]. It
can also be purposely adulterated either with for-
eign matter or with organic substances of synthet-
ic origin, sometime mimicking activity of the plant
active constituents [30]. All such cases can be rela-
tively easily revealed, but not without engagement
of highly trained analytical staff equipped with so-
phisticated instrumentation, like thermo-cyclers for
identification of foreign DNA via polymerase chain
reaction amplification (PCR), inductively coupled
plasma sector field mass spectrometry (ICP-SFMS)
for heavy metal analysis, and high performance liq-
uid chromatography with quadrupole mass spec-
trometric detector (HPLC/MS/MS) for other envi-
ronmental contaminants and synthetic chemicals
determination. [29,31] Since plants can contain
several hundreds of SM, multi-herbal compositions
and multicomponent dietary supplements are par-
ticularly difficult to assess from the point of view
of individual patient safety. While principal active
constituents are expected to follow rules of classical
pharmacology/toxicology, advanced pharmaceuti-
cal and clinical analyses find some cases of hormetic
biological activity at very low concentrations, from
compounds which were not even identified in a giv-
en plant, before thorough metabolomics examina-
tion. Therefore, it can be concluded that individual
compounds, known as secondary metabolites, iso-
lated from identifiable natural sources and available
in a state of well specified, high chemical purity, de-
serve better recommendation as a personal choice
for dietary supplement or even self-medication. The
notion of unmet medical needs, which drives phar-
maceutical industry R&D, can now be translated to
wider perspective of societies and populations with
unsatisfactory access to modern drugs and contem-
porary medical technologies. Unlike registered pre-
scription drug markets, which are highly restrictive
and very slow in response to newly defined patients’
needs, markets of complementary and alternative
medicine products, herbal medicines, dietary sup-
plements and functional food are very flexible and
quick in satisfying popular demands. Remarkably,
as a relatively new feature, an offer of single SMs,
as an active ingredients, specified and labeled with
defined chemical purity, has formed a dynamically
growing fraction of the market. Products like: api-
genin, astaxanthin, berberin, betulin, baicalin, cate-
chins, curcumin, ellagic acid, genistein, kaempferol,
koenzyme Q10, lutein, puerarin, resveratrol, rutin,
quercetin, silimarin, and many others, are now com-
mercially available even for an individual customer,
from multiple manufacturers.
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Conclusions
Animal metabolomes co-evolved within envi-

ronment rich in plants, which produce a great struc-
tural variety of secondary metabolites (SM) among
which chemically reactive phenolic compounds,
likely to perform variety of allopathic functions,
predominate. Herbivores learned to avoid system-
ic poisons of plant origin, and to take advantage of
selectively toxic SMs as adaptogenes, modulators of
metabolism, and inhibitors of stressful processes
that challenge homeostasis. The idea that vegeta-
ble food contains non-nutrients which are essential
for health preservation became generally accepted
[6,7,32]. Current holistic approach to human phys-
iology and healthcare, complies with epigenetics,
which treats exposition to xenobiotics as an inter-
action between biologically active compounds and
biological systems, without differentiating impacts
exerted by dietary foods, pharmaceutical drugs and
environmental poisons. Previously distinctly dif-
ferent fields of study like physiology, phytochemis-
try, pharmacology and nutrition, presently tend to
amalgamate under umbrella name of systems biol-
ogy. That change was fostered by radical progress
in basic science (e.g. genomics and the following
“-omics”), paralleled by unprecedented advances in
analytical technologies, which made metabonomic
studies possible. Remarkably, current accumula-
tion of new knowledge in life sciences area is, by a
large part available in the public domain, through an
open science media. This inevitably results in rise
of a new type of customer, making his own litera-
ture research before deciding what products from
expanding markets of OTC drugs, herbal products,
dietary supplements and functional foods should be
selected to satisfy individual needs. It is very likely,
that such well-informed customers will seek prod-
ucts with sound specification and validated quality
and safety, which in turn may favor producers of
pure active ingredients over multicomponent com-
positions. Although in the past isolation of pure SM
was considered difficult and inefficient, contem-
porary separation techniques largely reduced the
burden of technical scale isolation of valuable plant
constituents. Moreover, new biotechnological and
synthetic methodologies are already in place to sup-
ply even structurally complicated SM like complex
phenolics, flavonoids, etc., in a state of high chemical
purity, which helps their evaluation as safe, health
promoting natural products.
Conflict of Interests

The author declares no conflict of interest con-
cerning this publication.

REFERENCES

1. Harvey A.L. (2008) Natural products in drug
discovery. Drug Discovery Today. 13, 894-901.

2. David B., Wolfender, ].L., Dias, D.A. (2014).
The pharmaceutical industry and natural products:
historical status and new trends. Phytochem.Rew.
14, 299-315.

3. Wink M. (2015) Modes of action of herbal
medicines and plant secondary metabolites. Medi-
cines, 2, 251-286.

4. Newman D.J.,, Cragg GM. (2016) Natural
products as sources of new drugs from 1981 to
2014. Journal of Natural Products. 79, 629-661.

5. Complementary and Alternative Therapies
in the Aging Population (Watson R.R., Ed.) Academic
Press, Amsterdam 2009.

6. Boeing H., Bechthold A., Bub A. (2012) Criti-
cal review: vegetables and fruit in the prevention of
chronic diseases. Eur. J. Nutr. 51, 637-663.

7. Shahidi F, Naczk M. Phenolics in Food and
Nutraceuticals. Taylor & Francis e-Library, 2006.
CRC Press, Boca Raton, FL, USA.

8. Rishton G.M. (2008). Natural products as
a robust source of new drugs and drug leads: past
successes and present day issues. Am. J. Cardiol.
101, S43-S49.

9. Harvey A.L., Edrada-Ebel R., Quinn, R..
(2015). The re-emergence of natural products for
drug discovery in the genomics era. Nat. Rev .Drug
Discov. 14, 111-129.

10. Bravo L. (1998). Polyphenols: Chemistry, Di-
etary Sources, Metabolism, and Nutritional Signifi-
cance, Nutrition Reviews, 56, 317-333.

11. Quideau S., Deffieux D., Douat-Cassasus C.,
Pouysegu L. (2011). Plant Polyphenols: Chemical
Properties, Biological Activities, and Synthesis. An-
gew. Chem. Int. Ed. 50, 586-621.

12. Sytar O., Brestic M., Rai M., Shao H.B. (2012).
Plant phenolic compounds for food, pharmaceuti-
cal and cosmetics production. J. Med. Plants Res. 6,
2526-2539.

13. Rodriguez-Mateos A., Vauzour D. Krue-
ger C.G., Shanmugayanayagam D., Reed ]., Calani L.,
Mena P, Del Rio D., Crozier A. (2014). Bioavailabil-
ity, bioactivity and impact on health of dietary fla-
vonoids and related compounds: an update. Arch.
Toxicol. 88, 1803-1853.

14. Terahara N. (2015). Flavonoids in foods: a
review. Nat. Prod. Commun. 10, 521-528.

15. Wang T, Li Q. Bi K. (2018). Bioactive flavo-
noids in medicinal plants: structure, activity and bi-
ological fate. Asian ]J. Pharmac. Sci. 13, 12-23.

16. Galleano M., Verstraeten S.V., Oteiza PI.,
Fraga C.G. (2010). Antioxidant action of flavonoids:
thermodynamic and kinetic analysis. Arch. Biochem.
Biophys. 501,23-30.

Cite this article: Plant Phenolics in Complementary and Alternative Medicine and In Self-Medication: Am

] Toxi & Res. 2019; 1(2): 001-005.



17. Holst B., Williamson G. (2008). Nutrients
and phytochemicals: from bioavailability to bioef-
ficacy beyond antioxidants. Curr. Opin. Biotechnol.
19, 73-82.

18. Pan M-H,, Lai C-S.,, Ho C-T. (2010). Ant-in-
flammatory activity of natural dietary flavonoids.
Food Funct. 1, 15-31.

19. Panche A.N. Diwan A.D., Chandra S.R.
(2016). Flavonoids: an overview. J. Nutr. Sci. 5, e47,
1-15.

20. Martin E. P. ], Collino S., Rezzi S. (2011). 1H
NMR-based metabonomic applications to decipher
gut microbial metabolic influence on mammalian
health. Magnetic Resonance in Chemistry. 49, S47-
S54.

21. Fiehn O. (2002). Metabolomics - the link be-
tween genotypes and phenotypes. Plant Molecular
Biology. 48, 155-171.

22. Jones D. P, Park Y., Ziegler T. R. (2012). Nu-
tritional metabolomics: Progress in addressing
complexity in diet and health. In: R. J. Cousins (Ed.),
Annual Review of Nutrition. 32, 183-203.

23. Llorach R., Garcia-Aloy M., Tulipani S.,
Vazquez-Fresno R., Andres-Lacueva C. (2012). Nu-
trimetabolomic strategies to develop new biomark-
ers of intake and health effects. ]. Agr. Food Chem.
60, 8797-8808.

24, Psychogios, N., Hau, D. D., Peng, ]., Guo, A. C,,
Mandal, R., Bouatra, S., et al. (2011). The Human Se-
rum Metabolome. PloS One. 6(2).

25. Nicholson J. K, Lindon ]. C., Holmes E.
(1999). ‘Metabonomics”: Understanding the met-
abolic responses of living systems to pathophysio-
logical stimuli via multivariate statistical analysis of
biological NMR spectroscopic data. Xenobiotica. 29,
1181-1189.

26. Buer C.S., Imin N., Djordjevic M.A. (2010).
Flavonoids, new roles for old molecules. |. Integr.
Plant Biol. 52, 98-111.

27. Kumar S., Pandey A.K. (2013). Chemistry
and biological activity of flavonoids: an overview.
Scientific World Journal. 162750.

28. Marcus D.M. (2016). Dietary supplements:
what’s in a name? What's in the bottle. Drug Test
Analysis. 8,410-412.

29. Genuis S.J., Schwalfenberg G., Siy A.-K.J., Ro-
dushkin I. (2012). Toxic element contamination of
natural health products and pharmaceutical prepa-
rations. PLoS One 7. e49676.

30. Di Anibal, C. V,, Callao, M. P, Ruisanchez, I.
(2011). (1)H NMR variable selection approaches for
classification. A case study: The determination of
adulterated foodstuffs. Talanta. 86, 316-323.

31. Moco S., Bino R. ]., De Vos R. C. H., Vervoort ].
(2007). Metabolomics technologies and metabolite
identification. TrAC Trends in Analytical Chemistry.
26, 855-866.

32. Martirosyan D.M., Singh ]J. (2015) A new
definition of functional food by FFC: what makes a
new definition unique? Functional Foods in Health
and Disease. 5, 209-223.

Cite this article: Plant Phenolics in Complementary and Alternative Medicine and In Self-Medication: Am

] Toxi & Res. 2019; 1(2): 001-005.



