Flavonoids

Editors
Aysegiil CEBI
E. Giilceri GULEC PEKER



o

© Copyright 2025

Printing, broadcasting and sales rights of this book are reserved to Academician Bookstore House Inc. All or parts of this book

may not be reproduced, printed or distributed by any means mechanical, electronic, photocopying, magnetic paper and/or other

methods without prior written permission of the publisher. Tables, figures and graphics cannot be used for commercial purposes
without permission. This book is sold with banderol of Republic of Tiirkiye Ministry of Culture.

ISBN
978-625-375-806-6

Page and Cover Design
Typesetting and Cover Design by Akademisyen

Book Title Publisher Certificate Number
Flavonoids 47518
Editors  Printing and Binding
Aysegiil CEBI Vadi Printingpress
ORCID iD: 0000-0003-3804-7966
E. Giilgeri GULEC PEKER  Bjsac Code
ORCID iD: 0000-0001-7244-0281 SOC000000
Publishing Coordinator DOI
Yasin DILMEN 14 37609/akya.3936
Library ID Card

Flavonoids / ed. Aysegiil Cebi, E. Giilgeri Giileg Peker.
Ankara : Akademisyen Yaymevi Kitabevi, 2025.
162 p. : figure, table. ; 160x235 mm.
Includes References.
ISBN 9786253758066

GENERAL DISTRIBUTION
Akademisyen Kitabevi AS

Halk Sokak 5 / A Yenisehir / Ankara
Tel: 0312 431 16 33
siparis@akademisyen.com

www.akademisyen.com



PREFACE

Nature has long been the ultimate pharmacy, providing humanity with a
vast reservoir of bioactive compounds that form the backbone of modern
pharmacognosy and nutritional science. Among these, flavonoids and related
polyphenolic compounds stand out as one of the most diverse and biologically
significant groups of secondary metabolites. This book, designed as a
comprehensive reference for researchers, clinicians, and students, aims to bridge
the gap between fundamental phytochemical structures and their expanding
therapeutic horizons.

The volume opens with a foundational exploration of flavonoids, establishing
a clear understanding of their general characteristics and classification. Building
upon this framework, the subsequent chapters embark on a molecule-specific
journey. From the “king of flavonoids,” Quercetin, to the therapeutic potential of
Naringenin and the ecological complexities of Isoflavonoids, each chapter dissects
the unique molecular architecture and biological mechanisms of these compounds.

Distinguished contributors have provided rigorous analyses of key
phytochemicals, including Apigenin, Kaempferol, and the Catechin family,
elucidating their roles in cellular signaling and disease prevention. Furthermore,
the inclusion of compounds such as Resveratrol, Cyanidin, Rutin, and
Anthocyanins broadens the scope to cover critical antioxidants that are pivotal in
combating oxidative stress and chronic inflammation.

By synthesizing current research on molecular regulation with practical health
applications, this book offers more than just a chemical inventory; it provides a
roadmap for future research in functional foods and pharmaceutical development.
We extend our deepest gratitude to the esteemed authors who have poured their
expertise into these pages. It is our hope that this collection will serve as a vital
resource in unlocking the full potential of nature’s chemistry for human well-
being.

Editors

Prof. Dr. Aysegiil CEBI

Assoc. Prof. Dr. E. Giilgeri GULEC PEKER
Giresun-2025
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CHAPTER 1

FLAVONOIDS: GENERAL
CHARACTERISTICS AND CLASSIFICATION

Aysegiil CEBI'

Introduction

Flavonoids are a large class of plant polyphenolic secondary metabolites widely
distributed in fruits, vegetables, grains, bark, roots, stems, and flowers. Chemically
they share a C6-C3-C6 skeleton (two benzene rings connected by a three-carbon
bridge, typically forming a heterocyclic pyran ring) [1]. The term flavonoid derives
from the Latin flavus (yellow), reflecting that many flavonoids are yellow pigments
in plants. Historically, flavonoids entered scientific awareness in the 1930s: Albert
Szent-Gyorgyi observed that crude citrus extracts contained unknown yellow
compounds that enhanced vitamin C’s effect on capillary strength, tentatively
calling these substances “vitamin P” [2,3]. Later work revealed that “vitamin P”
was not a true vitamin but a mixture of flavonoids, and no deficiency syndrome

exists for it.

Flavonoids play critical roles in plant physiology and human nutrition. In
plants, they contribute to flower and fruit pigmentation, protect against UV
radiation, and mediate signaling in growth and defense [4]. In human health
and nutrition, dietary flavonoids are studied for antioxidant, anti-inflammatory,
cardioprotective, and anticancer activities (e.g. scavenging free radicals, inhibiting
enzymes like xanthine oxidase or COX-2, modulating signaling pathways) [5].
Indeed, flavonoids have been associated with reduced risk of chronic diseases
such as cardiovascular disease, diabetes, and cancer, and are regarded as important

' Prof. Dr., Giresun University, Faculty of Health Sciences, aysegul.cebi@giresun.edu.tr,
ORCID iD: 0000-0003-3804-7966

DOI: 10.37609/akya.3936.c2406
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CHAPTER 2

QUERCETIN: FROM MOLECULAR
STRUCTURE TO THERAPEUTIC
HORIZONS

Fatih Caglar CELIKEZEN"

Chemical Structure, Physicochemical Properties and Natural
Foundations

Quercetin is a naturally occuring flavonol that possesses polyphenolic structure
and is categorised within the subclass of flavonoids. Its International Union of
Pure and Applied Chemistry (IUPAC) name is 3,3',4',5,7-pentahydroxyflavone
with a molecular formula of C .H O, and molecular weight of 302.24 g/mol.
Structurally, quercetin consists of a three-ring structure (A,B,C rings) bearing
five hydroxyl groups at the C3, C5, C7, C3” and C4’ positions (1). These groups
have been identified as the fundamental determinants of both the biological and
chemical activities of the quercetin (2,3). The chemical reactivity capacities of
these hydroxyl groups are subject to variation and can be categorised as follows:
the sequnce of numbers is as follows: 3 > 7 > 3' > 4' > 5. The 5-hydroxyl group
in the A ring structure exhibits significantly lower reactivity compared to the
other hydroxyl groups and also shows resistance to glucuronidation (4). The
catechol structure in ring B is defined by the presence of two hydroxyl groups
located in adjacent positions at the 3' and 4' positions. This feature signifies a
critical structural attribute that confers augmented electron-donating capacity
and antioxidant potential in comparison to alternative hydroxylation models (4).
It is evident that additional structural elements contribute to the biochemical
properties of quercetin, including the C2-C3 double bond (unsaturating in the C
ring), the 4 oxo group (carbonyl functionally at the 4 position), and the strategically

' Prof.Dr., Bitlis Eren University, ccelikezen@beu.edu.tr, ORCID iD: 0000-0001-5489-7384
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mechanisms stop it from being harmful when it is eaten (76). People generally
tolerate quercetin well, and researchers have extensively studied its safety in
humans (27,77). Quercetin supplementation has been shown to be generally
safe, with only a small number of mild side effect being reported in studies. The
most common of these are gastreintestinal disturbances, headaches and tingling
sensations, particularly at high doses (27,77). The best amount of quercetin
depends on how it is used and how its made. Researchers have administrated
doses ranging from 500 to 2000 mg/day in clinical studies (78).Conventional
quercetin supplements generally provide daily dose of up to 1000 miligrams (77).
It is generally safe for short-term use at common supplemental doses, but not for
specific risk groups. Further long-term studies are neccessary to assess its safety
for prolonged, high dose consumption (77).
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CHAPTER 3

NARINGENIN

Bahar BILGIN SOKMEN!

Giris

Flavonoids are polyphenolic compounds naturally found in plants and known
to have multifaceted effects on human health. Plant polyphenols are increasingly
being investigated for their potential to prevent chronic diseases and maintain
health. Naringenin (4',5,7-trihydroxyflavanone) is found in particularly high
concentrations in citrus fruits such as grapefruit, oranges, and tangerines. Its high
antioxidant capacity and versatile biological effects have made this compound an
important candidate for functional foods and pharmaceuticals.

Structural Properties of Naringenin

The disaccharide derivative naringin has a 2-O-(a-L-rhamnopyranosyl)-a-D-
glucopyranosyl group replaced by an a-L-rhamnopyranosyl group at position 7
through a glycosidic bond. The melting point of naringin is reported as 83°C. Its
solubility in a given solvent is 1 mg/mL at a temperature of 40°C (1).

Chemically, it is a glycoside made up of the disaccharide neohesperidone and
the flavone naringenin. The structure of naringenin features a flavonoid core, a
heterocyclic pyran ring, and two phenolic rings. The compound has a molecular
weight of 580.54 g/mol and a molecular formula of C_H,,0 , (2).

The molecular structure of naringin (4',5,7-trihydroxyflavanone) is shown
in Figure 1. With rising temperature, the solubility of naringin and its aglycone
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promote synaptic plasticity, nerve cell survival, and prevent neuronal damage,
reducing and promoting neuroinflammation (25).

Antidiabetic Effects

Naringin has been shown to increase insulin sensitivity and may improve glucose
uptake by cells (26). Naringin has the ability to inhibit certain enzymes involved
in carbohydrate metabolism, such as glucosidase. By blocking this enzyme,
naringin can lower postprandial glucose levels, which in turn slows the digestion
and absorption of carbohydrates.

Naringin is a potent biomolecule with promising potential to improve
outcomes in individuals with diabetes. (27). Naringin modulates multiple
metabolic processes by limiting insulin secretion and sensitivity, regulating
glucose transporters, enhancing peripheral glucose uptake, reducing hepatic
glucose production and intestinal glucose absorption, and decreasing cholesterol
synthesis, blood lipid levels, oxidative stress, and inflammation (28).

Conclusion

Naringenin, a natural flavanone with broad-spectrum biological activities, holds

promise for the prevention and treatment of various chronic diseases. However,
its low bioavailability and potential for drug interactions are important issues
to address before clinical application. More comprehensive clinical studies will
provide clearer information regarding therapeutic doses and the long-term
safety profile of naringenin. Naringenin, with its potent antioxidant and anti-
inflammatory properties, has significant potential in the prevention and treatment
of metabolic, cardiovascular, and neurological diseases. Its multifaceted biological
effects and ease of availability from natural sources make it a valuable bioactive
compound at the heart of modern health research.
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CHAPTER 4

ISOFLAVONOIDS: MOLECULAR
REGULATION, ECOLOGICAL FUNCTIONS,
AND HEALTH APPLICATIONS

Ulku BAYKAL?

INTRODUCTION

Flavonoids represent one of the most diverse groups of plant specialized
metabolites, with more than 10,000 known structures contributing to
pigmentation, UV protection, and ecological interactions (2). Among flavonoid
subclasses, isoflavonoids occupy a unique position because their biosynthesis
depends on the formation of the isoflavone skeleton, catalyzed by a branch-point
enzyme, isoflavone synthase (IFS). This structural innovation, found primarily
in the Fabaceae (legume) family, underpins both the chemical diversity and the
broad functional roles of isoflavonoids (2,3). Isoflavonoids are distinguished not
only by their structural diversity but also by the breadth of their ecological and
physiological functions: they act as phytoalexins in disease resistance, as signaling
molecules that initiate symbiotic nitrogen fixation with rhizobia, and as bioactive
phytoestrogens in human consumption (6, 7, 9, 10, 12, 17, 19, 20).

Advances in genomics, transcriptomics, metabolomics, and epigenomics have
transformed our understanding of how plants control isoflavonoid biosynthesis (4,
16). Regulatory networks in legumes integrate multiple layers of control, including
transcription factors (R2R3-MYB, bHLH, bZIP, NAC, WRKY), epigenetic
modifications (DNA methylation, histone acetylation, H3K4me3 enrichment),
and post-transcriptional regulators (microRNAs, small interfering RNAs) (18, 21,
24, 25, 27, 29). These regulatory components interact with developmental signals

' Assoc. Prof. Dr., Giresun University, Faculty of Engineering, Department of Genetics and Bioengineering,
ulku.baykal@giresun.edu.tr, ORCI iD: 0000-0003-2441-0592

DOI: 10.37609/akya.3936.c2409

-31-



Isoflavonoids: Molecular Regulation, Ecological Functions, and Health Applications

In summary, isoflavonoids stand at the intersection of plant defense, ecological
communication, metabolic regulation, and human health (1, 4, 8). Continued
interdisciplinary research will expand their applications in biotechnology,
agriculture, and personalized medicine, while deepening our understanding
of the evolutionary and ecological forces that shaped this remarkable class of
specialized metabolites.
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Apigenin

Flavonoidsare phenoliccompoundsnaturallyfoundin plants thathave multifaceted
biological effects on human health. They contribute to plant color, aroma, and
flavor, as well as playing a crucial role in their defense against environmental
stresses. Within this broad biochemical class, apigenin (4',5,7-trihydroxyflavone)
is one of the key flavones of note. (1).

Chemical Structure of Apigenin

Apigenin is a yellow compound belonging to the flavone group and has the
chemical formula C;5H;00s (2). Under normal conditions, it exists as yellow
crystalline structures and has very limited solubility in water (1.35 pg/mL).
However, it exhibits high solubility in organic solvents such as ethanol and DMSO,
which is one of the primary factors reducing its bioavailability. It has a melting
point between 345-350°C, and storage at —20°C is generally recommended (3-5).
The structure of apigenin contains three hydroxyl groups (at positions 4, 5, and
7). Its basic skeleton consists of two aromatic rings (A and B) and one heterocyclic
pyrone ring (C) (Figure 1). This configuration provides apigenin with high stability
and strong free radical scavenging capacity (6). Chemically, apigenin differs from
other flavones such as luteolin by the absence of a methoxy or additional hydroxyl
group. This structural difference enhances the lipophilic properties of apigenin,
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Studies further indicate that apigenin reduces NF-kB activation by preventing p65
phosphorylation and by downregulating Akt-mediated signaling (13).

Conclusion

Considering all these findings, apigenin—owing to its chemical stability, strong
antioxidant capacity, and lipophilic characteristics—effectively neutralizes free
radicals and mitigates cellular damage caused by oxidative stress. In addition,
its anti-inflammatory, anti-proliferative, anti-fibrotic, and anticancer properties
make apigenin a remarkable natural therapeutic agent in modern pharmacology.
Preclinical and clinical studies have demonstrated that apigenin regulates and
protects cellular signaling pathways, particularly in cancer, neurodegenerative
diseases, diabetes, and autoimmune disorders. With its low toxicity profile and
high biological efficacy, apigenin is regarded as a promising phytochemical
candidate for use in future pharmaceutical formulations and complementary
therapeutic approaches. However, to achieve effective clinical applications, it is
crucial to address the low bioavailability of apigenin through pharmacokinetic
optimization strategies. Enhancing its absorption and stability will be a key step
in fully realizing apigenin’s therapeutic potential in human health applications.
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CHAPTER 6

KAEMPFEROL: PHYTOCHEMICAL
STRUCTURE AND BIOLOGICAL
ACTIVITIES

Tuba ACET!

Introduction

Kaempferol is a naturally occurring polyphenolic compound belonging to the
flavonol subclass of flavonoids and is widely distributed throughout the plant
kingdom. With the growing interest in the bioactivity of phenolic compounds,
kaempferol has emerged as a prominent phytochemical with potential roles
in antioxidant defense, anti-inflammatory responses, neuroprotection, and
cardiometabolic regulation (1). In plants, it predominantly occurs as glycosylated
derivatives, and its physiological effects in humans are shaped by both its inherent
chemical features and metabolic transformation processes.

Kaempferol is abundant in many fruits and vegetables (2,3) and possesses a
wide range of therapeutic attributes (figure 1). Numerous studies indicate that it
mitigates oxidative stress—one of the underlying drivers of metabolic disorders—
by reducing the formation (4) of reactive oxygen species (ROS) (2). Its antitumor
and anti-inflammatory activities have also been demonstrated extensively (5).
Furthermore, kaempferol is reported to enhance biological performance through
hormetic mechanisms, particularly in aging-associated processes (6). The major
biological functions attributed to kaempferol are discussed in the following

sections.

' Dog. Dr., Giimiighane University, Faculty of Health Sciences, Department of Occupational Health and

Safety, tubaacet@gumushane.edu.tr, ORCID iD: 0000-0002-0981-9413

DOI: 10.37609/akya.3936.c2411

-59.-



Kaempferol: Phytochemical Structure and Biological Activities

concentrations in cell-culture models (48). Due to insufficient clinical evidence,
recommended therapeutic doses are still based solely on experimental data.

Conclusion and Future Perspectives

Kaempferol is a multifunctional flavonoid with protective effects in diverse
pathological contexts, including diabetes, obesity, arthritis, glaucoma,
osteoporosis, and dermatological disorders. It exerts organ-protective effects
on the liver, kidneys, heart, nervous system, and gastrointestinal tract primarily
through antioxidant and anti-inflammatory mechanisms. Its anticancer potential
is mediated by the modulation of multiple signaling pathways. Nevertheless,
limited water solubility, rapid metabolism, and poor oral bioavailability hinder its
clinical utility. Novel delivery systems—such as nanocarriers and encapsulation
technologies—may help overcome these limitations. However, comprehensive
clinical trials are required to confirm its therapeutic efficacy and safety.
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CHAPTER 7

CATECHIN AND ITS DERIVATIVES

Sinem AYDIN?

Catechins are categorized under flavanols (1). The catechin term originally comes
from the word ‘catechu’, which is the boiled extract (tannic juices) of the Mimosa
catechu (2). Fruits and vegetables have catechins at high amounts (1).

They are an important component of tea, making up approximately one-third
of the dry weight of tea (3). Non-esterified catechins are catechin, gallocatechin,
epicatechin, epigallocatechin and esterified catechins are epigallocatechin gallate,
epicatechin gallate, gallocatechin gallate and catechin gallate (1). Catechin
derivatives are given in Fig 1.

Catechins react easily with oxygen in the air by chemical and enzymatic
ways to form condensed tannins (proanthocyanidins). The astringency or
bitterness of these compounds is determined by their molecular weights. While
proanthocyanidins with sixty-eight monomers create an astringent taste, those
with thirty-five monomers create a bitter taste. While short chain molecules are
colorless, their color changes from yellow to brown as the degree of polymerization
increases (4).

Catechin and type B procyanidin found in legumes. Catechin, epicatechin and

epicatechin gallate are found in fruit wine (1). Camellia sinensis teas were also
studied for their catechins (5).
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in green tea has been shown in various studies to prevent obesity by reducing
adipocyte proliferation, lipogenesis, fat absorption, and food intake (22).

L. Antidiabetic Effect

Tea catechins increase insulin activity by protecting pancreatic p cells. Tea
polyphenols protect against insulin resistance, the primary cause of Type II
diabetes, by improving insulin sensitivity. Jing et al. (19) revealed that tea has a
preventing impact towards diabetes, with a modest reduction in Type II diabetes
in individuals who drank more than four cups of green tea every day.

A study by Iso et al. (19) declared that consuming more than six cups of green
tea per day was inversely linked with incidence of diabetes, while the same effect
was not observed for black and oolong teas. Tea exerts a preventive influence to
diabetes and its complications by increasing insulin effect, improving insulin
resistance, activating insulin signaling and defending [ cells. Researchs from
different countries demonstrated that tea increases fasting insulin levels and that
consuming more than four cups every day reduces the risk of Type II diabetes
(19).
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CHAPTER 8

FLAVANOLS

Funda DEMIRTAS KORKMAZ!

Introduction

Flavanols represent a significant subgroup of flavonoids, which are naturally
occurring polyphenolic molecules broadly found throughout the plant kingdom
(1,2). They are found abundantly in foods such as cocoa, tea, apples, grapes, and
various berries (3). In recent decades, flavanols have attracted significant scientific
interest because of their possible positive impacts on human health, especially
in relation to cardiovascular, neurological, and metabolic systems (4-7). Their
biological activity stems not only from their direct antioxidant properties but also
from their ability to modulate cellular signaling pathways, gene expression, and
enzymatic activity (8-10).

The health-promoting potential of flavanols is closely linked to their structure
and metabolism. While early research emphasized their role as antioxidants that
neutralize reactive oxygen species, recent findings suggest that their physiological
effects are more complex and involve interactions with endothelial cells, the gut
microbiota, and the immune system (11-13). This chapter reviews the essential
chemical structures, sources, bioavailability, biological activities, and clinical
evidence surrounding flavanols, along with an outlook on future research

directions.
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CHAPTER 9

RESVERATROL

Zeliha KAYA!

1. Introduction

Free radicals are harmful compounds that can lead to oxidative damage and
cause chronic degenerative diseases. Substances that prevent the formation of
these radicals or neutralize them are referred to as “antioxidants.” Resveratrol,
one of these antioxidants, is a phytoalexin found in more than 70 plant species,
particularly in grapes and grape-derived products (1). On an industrial scale, it
is predominantly obtained from the roots of Polygonum cuspidatum (Japanese
knotweed)(2). Owing to its beneficial effects on human health, resveratrol has
attracted significant global attention in recent years. Numerous experimental
systems have been used to thoroughly examine its in vitro and in vivo biological
activity (3). Resveratrol has been reported to exhibit numerous therapeutic
properties,includinganti-inflammatory, antioxidant, antidiabetic, antiaggregatory,
antihyperlipidemic, immunomodulatory, cardioprotective, vasorelaxant, and
neuroprotective effects (4,5). However, clinical outcomes remain inconsistent due
to factors such as low bioavailability, rapid metabolism, and dosage variations
(6-8). These pharmacokinetic limitations have recently prompted a shift toward
innovative approaches, including nanoformulations, polymeric and bioceramic
hybrid systems, and green extraction technologies (9,10).

1 Assist. Prof., Giresun University, Faculty of Tourism, zeliha.kaya@giresun.edu.tr ,
ORCID iD: 0000-0002-3285-9659

DOI: 10.37609/akya.3936.c2414

-95.



Resveratrol

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sarman E, Giille K. Resveratrol Giiglii Bir Antioksidan Mi? Bingdl Universitesi Saglik Derg.
2021 June 30;2(1):57-63.

Tian B, Liu J. Resveratrol: a review of plant sources, synthesis, stability, modification and food
application. J Sci Food Agric. 2020 Mar 15;100(4):1392-404.

Goldag R, Dogan M. Resveratroliin Antioksidan Etkisi, Farmakolojik Ozellikleri ve Baz1 Saglik
Faydalar1. Int Conf Recent Innov Results Eng Technol. 2023 Aug 29;40-5.

Oztiirk E, Arslan AKK, Yerer MB, Bishayee A. Resveratrol and diabetes: A critical review of
clinical studies. Biomed Pharmacother. 2017 Nov;95:230-4.

Singh AP, Singh R, Verma SS, Rai V, Kaschula CH, Maiti P, et al. Health benefits of resveratrol:
Evidence from clinical studies. Med Res Rev. 2019 Sept;39(5):1851-91.

Berman AY, Motechin RA, Wiesenfeld MY, Holz MK. The therapeutic potential of resveratrol:
a review of clinical trials. Npj Precis Oncol. 2017 Sept 25;1(1):35.

Springer M, Moco S. Resveratrol and Its Human Metabolites—Effects on Metabolic Health and
Obesity. Nutrients. 2019 Jan 11;11(1):143.

Yu X, Jia Y, Ren E Multidimensional biological activities of resveratrol and its prospects and
challenges in the health field. Front Nutr. 2024 June 12;11:1408651.

Ben Dassi R, Ibidhi S, Jemai H, Cherif A, Driouich Chaouachi R. Resveratrol: Challenges and
prospects in extraction and hybridization with nanoparticles, polymers, and bioKceramics.
Phytother Res. 2024 Nov;38(11):5309-22.

Sharifi-Rad J, Quispe C, Durazzo A, Lucarini M, Souto EB, Santini A, et al. Resveratrol’ biotech-
nological applications: Enlightening its antimicrobial and antioxidant properties. ] Herb Med.
2022 Mar;32:100550.

Meng T, Xiao D, Muhammed A, Deng J, Chen L, He J. Anti-Inflammatory Action and Mecha-
nisms of Resveratrol. Molecules. 2021 Jan 5;26(1):229.

Ren Z, Zheng S, Sun Z, Luo Y, Wang Y, Yi P, et al. Resveratrol: Molecular Mechanisms, Health
Benefits, and Potential Adverse Effects. MedComm. 2025 June;6(6):¢70252.

Pannu N, Bhatnagar A. Resveratrol: from enhanced biosynthesis and bioavailability to multi-
targeting chronic diseases. Biomed Pharmacother. 2019 Jan;109:2237-51.

Salehi B, Mishra AP, Nigam M, Sener B, Kilic M, Sharifi-Rad M, et al. Resveratrol: A Dou-
ble-Edged Sword in Health Benefits. Biomedicines. 2018 Sept 9;6(3):91.

Meng Q, Li J, Wang C, Shan A. Biological function of resveratrol and its application in animal
production: a review. ] Anim Sci Biotechnol. 2023 Feb 11;14(1):25.

Fiod Riccio BV, Fonseca-Santos B, Colerato Ferrari P, Chorilli M. Characteristics, Biological
Properties and Analytical Methods of Trans -Resveratrol: A Review. Crit Rev Anal Chem. 2020
July 3;50(4):339-58.

Santos AC, Pereira I, Pereira-Silva M, Ferreira L, Caldas M, Magalhdes M, et al. Nanocarriers
for resveratrol delivery: Impact on stability and solubility concerns. Trends Food Sci Technol.
2019 Sept;91:483-97.

Jang JY, Im E, Kim ND. Mechanism of Resveratrol-Induced Programmed Cell Death and New
Drug Discovery against Cancer: A Review. Int ] Mol Sci. 2022 Nov 8;23(22):13689.

Valletta A, Iozia LM, Leonelli E Impact of Environmental Factors on Stilbene Biosynthesis.
Plants. 2021 Jan 4;10(1):90.

Dubrovina AS, Kiselev KV. Regulation of stilbene biosynthesis in plants. Planta. 2017
Oct;246(4):597-623.

Kumar S, Chang YC, Lai KH. Resveratrol, a Molecule with Anti-Inflammatory and Anti-Can-
cer Activities: Natural Product to Chemical Synthesis. Curr Med Chem. 2021;28(19):3773-86.
Yang Y, Sun Y, Gu T, Yan Y, Guo J, Zhang X, et al. The Metabolic Characteristics and Bioavail-
ability of Resveratrol Based on Metabolic Enzymes. Nutr Rev. 2024 Nov 9;83(4):749-70.

-103 -



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

FLAVONOIDS

Ramirez-Garza S, Laveriano-Santos E, Marhuenda-Mufioz M, Storniolo C, Tresserra-Rimbau
A, Vallverdd-Queralt A, et al. Health Effects of Resveratrol: Results from Human Intervention
Trials. Nutrients. 2018 Dec 3;10(12):1892.

Favari C, Rinaldi De Alvarenga JE, Sanchez-Martinez L, Tosi N, Mignogna C, Cremonini E, et
al. Factors driving the inter-individual variability in the metabolism and bioavailability of (poly)
phenolic metabolites: A systematic review of human studies. Redox Biol. 2024 May;71:103095.
Barber TM, Kabisch S, Randeva HS, Pfeiffer AFH, Weickert MO. Implications of Resveratrol in
Obesity and Insulin Resistance: A State-of-the- Art Review. Nutrients. 2022 July 13;14(14):2870.
Luca SV, Macovei I, Bujor A, Miron A, Skalicka-Wozniak K, Aprotosoaie AC, et al. Bioactivity
of dietary polyphenols: The role of metabolites. Crit Rev Food Sci Nutr. 2020 Feb 21;60(4):626-
59.

Chimento A, De Amicis F, Sirianni R, Sinicropi MS, Puoci F, Casaburi I, et al. Progress to
Improve Oral Bioavailability and Beneficial Effects of Resveratrol. Int ] Mol Sci. 2019 Mar
19;20(6):1381.

Islam SU, Muhammad B. A, Islam MU, Shehzad A, Young Sup L. Switching from Conventional
to Nano-natural Phytochemicals to Prevent and Treat Cancers: Special Emphasis on Resvera-
trol. Curr Pharm Des. 2019 Sept 1;25(34):3620-32.

Su CE Jiang L, Zhang XW, Iyaswamy A, Li M. Resveratrol in Rodent Models of Parkinson’s Dis-
ease: A Systematic Review of Experimental Studies. Front Pharmacol. 2021 Apr 22;12:644219.
Wang Q, Yu Q, Wu M. Antioxidant and neuroprotective actions of resveratrol in cerebrovascu-
lar diseases. Front Pharmacol. 2022 Sept 5;13:948889.

Thiruvengadam M, Venkidasamy B, Subramanian U, Samynathan R, Ali Shariati M, Rebezov
M, et al. Bioactive Compounds in Oxidative Stress-Mediated Diseases: Targeting the NRF2/
ARE Signaling Pathway and Epigenetic Regulation. Antioxidants. 2021 Nov 23;10(12):1859.
Alavi M, Farkhondeh T, Aschner M, Samarghandian S. Resveratrol mediates its anti-cancer
effects by Nrf2 signaling pathway activation. Cancer Cell Int. 2021 Dec;21(1):579.
Pourbagher-Shahri AM, Farkhondeh T, Jafari-Nozad AM, Darroudi M, Naseri K, Amirian M,
et al. Nrf2 Mediates Effect of Resveratrol in Ischemia-reperfusion Injury. Curr Mol Pharmacol.
2024 Jan 30;17:18761429246578.

Gaggini M, Fenizia S, Vassalle C. Sphingolipid Levels and Signaling via Resveratrol and Anti-
oxidant Actions in Cardiometabolic Risk and Disease. Antioxidants. 2023 May 16;12(5):1102.
Arinno A, Apaijai N, Chattipakorn SC, Chattipakorn N. The roles of resveratrol on cardiac
mitochondrial function in cardiac diseases. Eur ] Nutr. 2021 Feb;60(1):29-44.

Ashrafizadeh M, Javanmardi S, Moradi-Ozarlou M, Mohammadinejad R, Farkhondeh T,
Samarghandian S, et al. Natural products and phytochemical nanoformulations target-
ing mitochondria in oncotherapy: an updated review on resveratrol. Biosci Rep. 2020 Apr
30;40(4):BSR20200257.

Grifidn-Ferré C, Bellver-Sanchis A, Izquierdo V, Corpas R, Roig-Soriano J, Chilléon M, et al. The
pleiotropic neuroprotective effects of resveratrol in cognitive decline and Alzheimer’s disease
pathology: From antioxidant to epigenetic therapy. Ageing Res Rev. 2021 May;67:101271.
Meng X, Zhou ], Zhao CN, Gan RY, Li HB. Health Benefits and Molecular Mechanisms of Res-
veratrol: A Narrative Review. Foods. 2020 Mar 14;9(3):340.

Vikal A, Maurya R, Bhowmik S, Khare S, Raikwar S, Patel P, et al. Resveratrol: A comprehen-
sive review of its multifaceted health benefits, mechanisms of action, and potential therapeutic
applications in chronic disease. Pharmacol Res - Nat Prod. 2024 June;3:100047.

Gal R, Deres L, Toth K, Halmosi R, Habon T. The Effect of Resveratrol on the Cardiovascular Sys-
tem from Molecular Mechanisms to Clinical Results. Int ] Mol Sci. 2021 Sept 21;22(18):10152.
Godos J, Romano GL, Gozzo L, Laudani S, Paladino N, Dominguez Azpiroz I, et al. Resveratrol
and vascular health: evidence from clinical studies and mechanisms of actions related to its
metabolites produced by gut microbiota. Front Pharmacol. 2024 Mar 18;15:1368949.

-104 -



42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Resveratrol

Banez M]J, Geluz MI, Chandra A, Hamdan T, Biswas OS, Bryan NS, et al. A systemic review on
the antioxidant and anti-inflammatory effects of resveratrol, curcumin, and dietary nitric oxide
supplementation on human cardiovascular health. Nutr Res. 2020 June;78:11-26.

Xiao Q, Zhu W, Feng W, Lee SS, Leung AW, Shen J, et al. A Review of Resveratrol as a Potent
Chemoprotective and Synergistic Agent in Cancer Chemotherapy. Front Pharmacol. 2019 Jan
9;9:1534.

Wu SX, Xiong RG, Huang SY, Zhou DD, Saimaiti A, Zhao CN, et al. Effects and mechanisms of
resveratrol for prevention and management of cancers: An updated review. Crit Rev Food Sci
Nutr. 2023 Dec 20;63(33):12422-40.

Novelle MG, Wahl D, Diéguez C, Bernier M, De Cabo R. Resveratrol supplementation: Where
are we now and where should we go? Ageing Res Rev. 2015 May;21:1-15.

Malaguarnera L. Influence of Resveratrol on the Immune Response. Nutrients. 2019 Apr
26;11(5):946.

Inchingolo AD, Malcangi G, Inchingolo AM, Piras E, Settanni V, Garofoli G, et al. Benefits and
Implications of Resveratrol Supplementation on Microbiota Modulations: A Systematic Review
of the Literature. Int ] Mol Sci. 2022 Apr 5;23(7):4027.

Shaito A, Posadino AM, Younes N, Hasan H, Halabi S, Alhababi D, et al. Potential Adverse
Effects of Resveratrol: A Literature Review. Int ] Mol Sci. 2020 Mar 18;21(6):2084.

Trombino S, Cassano R, Di Gioia ML, Aiello FE. Emerging Trends in Green Extraction Tech-
niques, Chemical Modifications, and Drug Delivery Systems for Resveratrol. Antioxidants.
2025 May 29;14(6):654.

Faisal Z, Mazhar A, Batool SA, Akram N, Hassan M, Khan MU, et al. Exploring the multimod-
al health-promoting properties of resveratrol: A comprehensive review. Food Sci Nutr. 2024
Apr;12(4):2240-58.

Prakash V, Bose C, Sunilkumar D, Cherian RM, Thomas SS, Nair BG. Resveratrol as a Promis-
ing Nutraceutical: Implications in Gut Microbiota Modulation, Inflammatory Disorders, and
Colorectal Cancer. Int ] Mol Sci. 2024 Mar 16;25(6):3370.

Ratz-Eyko A, Arct J. Resveratrol as an active ingredient for cosmetic and dermatological appli-
cations: a review. ] Cosmet Laser Ther. 2019 Feb 17;21(2):84-90.

Farhan M, Rizvi A. The Pharmacological Properties of Red Grape Polyphenol Resveratrol:
Clinical Trials and Obstacles in Drug Development. Nutrients. 2023 Oct 23;15(20):4486.
Brown K, Theofanous D, Britton RG, Aburido G, Pepper C, Sri Undru S, et al. Resveratrol for
the Management of Human Health: How Far Have We Come? A Systematic Review of Resver-
atrol Clinical Trials to Highlight Gaps and Opportunities. Int ] Mol Sci. 2024 Jan 6;25(2):747.

-105 -



CHAPTER 10

CYANIDIN AND HUMAN HEALTH:
MECHANISMS AND APPLICATIONS

Sevim Ipek ACAR COMERT!

Introduction

The Place of Cyanidin within the Flavonoid Family

Flavonoids represent a diverse family of plant-derived polyphenolic compounds
with significant health implications. Within this family, anthocyanins constitute
a pigmented subclass responsible for the characteristic red, purple, and blue hues
observed in numerous fruits and vegetables. Six major anthocyanidin structures—
pelargonidin, cyanidin, delphinidin, peonidin, petunidin, and malvidin—
predominate in nature, with cyanidin exhibiting particularly pronounced
biological activity. Contemporary investigations have characterized cyanidin’s
antioxidant, anti-inflammatory, and metabolic regulatory properties. Berry
species including red raspberry (Rubus idaeus L.), blue honeysuckle (Lonicera
caerulea L.), and mulberry have long traditions in folk medicine, and their extracts
now attract scientific interest for potential applications in cardiovascular disease,
obesity, neurodegeneration, hepatic dysfunction, and oncology. Cyanidin-3-
glucoside predominates in fruits and edible flowers, while cyanidin-3-galactoside
also occurs abundantly across fruit species. The aglycone form is principal in
vegetables, whereas cyanidin-3-glucoside appears notably in certain cereal grains

(1).
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CHAPTER 11

RUTIN

Bengii TEMIZEL!

Introduction

Natural products have been the primary source of many life-saving medicines,
cosmetics and dietary supplements throughout history (1). Many health products,
including the semi synthetic drugs used today, are either derived directly from
natural sources or are inspired by the structures of natural products (2). Today,
thousands of natural molecules, particularly those derived from plants, have been
studied for their biological activity against various human diseases and a large
number of them have been identified as having therapeutic potential (3).

Flavonoids, which have long attracted the attention of scientists due to their
positive effects on human health, are particularly popular today thanks to their
antioxidant and membrane-stabilizing properties (4). Rutin (quercetin-3-O-
rutinoside), a prominent member of the flavonoid group, is a natural compound
widely found in plants. It takes its name from the Ruta graveolens plant, which
contains high amounts of rutin. It is also known by other names such as rutoside,
quercetin-3-O-rutinoside and sophorin. Rutin, which plays a protective role in
plants, is abundant in a wide variety of plant species, including buckwheat, apples,
citrus fruits and berries.

Numerous studies have demonstrated the antioxidant, anti-inflammatory,
anticancer, antimicrobial, cardioprotective and neuroprotective properties of
rutin. These effects are underpinned by rutin’s ability to neutralize free radicals,
bind metal ions and regulate intracellular signaling pathways. Furthermore, rutin’s
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CHAPTER 12

ANTHOCYANIN

Yasemin SEVIM!

Introduction

Growing recognition of the potential adverse health implications associated
with synthetic colorants, coupled with an expanding interest in the functional
properties of naturally occurring pigments, has markedly increased the value
of plant-derived colorants within the food, nutraceutical, and pharmaceutical
industries (1). The term anthocyanin, derived from the Greek words anthos
(flower) and kyanos (blue), reflects the extensive chromatic diversity that these
compounds impart to plant tissues. As members of the flavonoid subclass,
anthocyanins represent one of the most abundant and functionally consequential
categories of secondary metabolites in higher plants. Within the broader family of
polyphenolic compounds, anthocyanins are of particular scientific interest due to
their substantial structural heterogeneity and the correspondingly wide range of
physiological and biological processes they influence.

Anthocyanins are water-soluble vacuolar pigments that accumulate
predominantly in fruits and floral tissues, although they are also detected in
leaves, stems, roots, and other vegetative organs. They are responsible for the
characteristic red, purple, and blue coloration of numerous horticultural and
agricultural commodities, thereby playing a critical role in defining the sensory
attributes and market value of these products. From a biological perspective,
anthocyanins contribute to plant reproductive success by attracting pollinators and
exert protective functions through the absorption of ultraviolet (UV) radiation.
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Conclusion

Anthocyanins, characterized by their extensive structural diversity and wide-
ranging biological activities, constitute a class of natural compounds with
considerable potential for both health promotion and industrial applications.
Their capacity to modulate oxidative stress, attenuate inflammation, regulate
apoptotic pathways, and influence critical cellular signaling cascades underscores
their promise as therapeutic agents for the prevention and management of various
chronic conditions, including cardiovascular, neurodegenerative, metabolic,
and cancer-related disorders. Nonetheless, limited bioavailability and chemical
instability under physiological and environmental conditions continue to pose
significant obstacles to their effective clinical application.

Recent  technological advancements, including nanoformulations,
microencapsulation, and other innovative delivery systems, have markedly
improved the stability and bioavailability of anthocyanins, addressing key
limitations in their clinical application. Moreover, accumulating evidence
indicates that interactions between anthocyanins and the gut microbiota, as well
as the biological activity of their metabolites, are critical determinants of their
systemic effects. Beyond their established role as natural colorants, anthocyanins
are increasingly incorporated into functional foods and nutraceutical products,
highlighting their relevance as bioactive dietary constituents.

Futureresearchshouldaimtoelucidatethepharmacokinetics,biotransformation
pathways, and tissue-specific molecular targets of anthocyanins. The development
of standardized formulations, coupled with long-term clinical investigations, will
be essential to fully establish their safety, efficacy, and therapeutic potential. In
conclusion, anthocyanins are more than mere plant pigments; they are potent
phytochemicals with diverse biological activities. Continued scientific and
technological exploration is expected to broaden their applications across the
food, health, and pharmaceutical sectors, thereby contributing meaningfully to
strategies for disease prevention and the promotion of human health.
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