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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. Ayşegül ÇEBİ

Assoc. Prof. Dr. E. Gülçeri GÜLEÇ PEKER

Giresun-2025
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FLAVONOIDS: GENERAL 
CHARACTERISTICS AND CLASSIFICATION

CHAPTER 1CHAPTER 1

Ayşegül ÇEBİ1

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-Györgyi 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 

1	 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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QUERCETIN: FROM MOLECULAR 
STRUCTURE TO THERAPEUTIC 

HORIZONS

CHAPTER 2CHAPTER 2

Fatih Çağlar ÇELİKEZEN1

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 C15H10O7 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 

1	 Prof.Dr., Bitlis Eren University, ccelikezen@beu.edu.tr, ORCID iD: 0000-0001-5489-7384 

DOI: 10.37609/akya.3936.c2407
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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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NARINGENIN

CHAPTER 3CHAPTER 3

Bahar BİLGİN SÖKMEN1

Giriş

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-(α-L-rhamnopyranosyl)-α-D-
glucopyranosyl group replaced by an α-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 C27H32O14 (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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ISOFLAVONOIDS: MOLECULAR 
REGULATION, ECOLOGICAL FUNCTIONS, 

AND HEALTH APPLICATIONS

CHAPTER 4CHAPTER 4

Ulku BAYKAL1

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 
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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

Flavonoids are phenolic compounds naturally found in plants that have 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 C₁₅H₁₀O₅ (2). Under normal conditions, it exists as yellow 
crystalline structures and has very limited solubility in water (1.35 μg/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-κB 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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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.
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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.

REFERENCES
1. Calderon-Montano J, Burgos-Moron E, Perez-Guerrero C, Lopez-Lazaro M. A Review on 

the Dietary Flavonoid Kaempferol. Mini-Reviews Med Chem. 2011;11(4):298–344. doi: 
10.2174/138955711795305335.

2. Imran M, Salehi B, Sharifi-Rad J, Gondal TA, Saeed F, Imran A, et al. Kaempferol: A key em-
phasis to its anticancer potential. Molecules. MDPI. 2019;24(12):2277. doi: 10.3390/mole-
cules24122277.

3. Periferakis A, Periferakis K, Badarau IA, Petran EM, Popa DC, Caruntu A, et al. Kaempferol: 
Antimicrobial Properties, Sources, Clinical, and Traditional Applications. Vol. 23, International 
Journal of Molecular Sciences. MDPI; 23(23): 15054. https://doi.org/10.3390/ijms232315054.

4. Chen AY, Chen YC. A review of the dietary flavonoid, kaempferol on human health and cancer 
chemoprevention. Food Chemistry. 2013;138: 2099–107.

5. Devi KP, Malar DS, Nabavi SF, Sureda A, Xiao J, Nabavi SM, et al. Kaempferol and inflammation: 
From chemistry to medicine. Pharmacological Research. Academic Press. 2015;99: 1–10.

6. Calabrese EJ, Pressman P, Hayes AW, Baldwin L, Agathokleous E, Kapoor H, et al. Kaempferol, 
a widely ingested dietary flavonoid and supplement, enhances biological performance via 
hormesis, especially for ageing-related processes. Mech Ageing Dev. 2025;1:225.

7. Yang L, Gao Y, Bajpai VK, El-Kammar HA, Simal-Gandara J, Cao H, et al. Advance toward isola-
tion, extraction, metabolism and health benefits of kaempferol, a major dietary flavonoid with 
future perspectives. Critical Reviews in Food Science and Nutrition. Taylor and Francis Ltd.; 
2023;63: 2773–89.

8. Ren J, Lu Y, Qian Y, Chen B, Wu T, Ji G. Recent progress regarding kaempferol for the treatment of 
various diseases (Review). Exp Ther Med. 2019;18(4):2759–2776. doi: 10.3892/etm.2019.7886.

9. Chen J, Zhong H, Huang Z, Chen X, You J, Zou T. A Critical Review of Kaempferol in Intesti-
nal Health and Diseases. Antioxidants. Multidisciplinary Digital Publishing Institute (MDPI); 
2023;12(8): 1642. https://doi.org/10.3390/antiox12081642

10. Speisky H, Arias-Santé MF, Fuentes J. Oxidation of Quercetin and Kaempferol Markedly Am-
plifies Their Antioxidant, Cytoprotective, and Anti-Inflammatory Properties. Antioxidants. 
2023;9;12(1):155. doi: 10.3390/antiox12010155.



FLAVONOIDS

- 66 -

11. Dabeek WM, Marra MV. Dietary quercetin and kaempferol: Bioavailability and potential car-
diovascular-related bioactivity in humans. Nutrients. MDPI. 2019;25;11(10):2288. doi: 10.3390/
nu11102288.

12. García-Mediavilla V, Crespo I, Collado PS, Esteller A, Sánchez-Campos S, Tuñón MJ, et al. The 
anti-inflammatory flavones quercetin and kaempferol cause inhibition of inducible nitric oxide 
synthase, cyclooxygenase-2 and reactive C-protein, and down-regulation of the nuclear factor 
kappaB pathway in Chang Liver cells. Eur J Pharmacol. 2007;28;557(2–3):221–9.

13. Alam W, Khan H, Shah MA, Cauli O, Saso L. Kaempferol as a Dietary Anti-Inflammatory 
Agent: Current Therapeutic Standing. Molecules. 2020;7;25(18):4073. doi: 10.3390/mole-
cules25184073.

14. Cannataro R, Fazio A, Torre C La, Caroleo MC, Cione E. Polyphenols in the mediterranean diet: 
From dietary sources to microrna modulation. Antioxidants. MDPI. 2021;23;10(2):328. doi: 
10.3390/antiox10020328.

15. Ferrer MD, Sureda A, Mestre A, Tur JA, Pons A. The double edge of reactive oxygen species 
as damaging and signaling molecules in HL60 cell culture. Cell Physiol Biochem. 2010;25(2–
3):241–52. doi: 10.1159/000276558.

16. Almatroodi SA, Almatroudi A, Alsahli MA, Khan AA, Rahmani AH. Thymoquinone, an Active 
Compound of Nigella sativa: Role in Prevention and Treatment of Cancer. Curr Pharm Biotech-
nol. 2020;21(11):1028–1041. doi: 10.2174/1389201021666200416092743.

17. Alzohairy MA, Khan AA, Alsahli MA, Almatroodi SA, Rahmani AH. Protective effects of thy-
moquinone, an active compound of nigella sativa, on rats with benzo(A)pyrene-induced lung 
injury through regulation of oxidative stress and inflammation. Molecules. 2021; 27;26(11):3218. 
doi: 10.3390/molecules26113218.

18. Procházková D, Boušová I, Wilhelmová N. Antioxidant and prooxidant properties of flavonoids. 
Fitoterapia. 2011;82(4):513–23. doi: 10.1016/j.fitote.2011.01.018.

19. Wang Y, Chen C, Li Y, Li R, Wang J, Wu C, et al. Kaempferol inhibits oxidative stress and reduc-
es macrophage pyroptosis by activating the NRF2 signaling pathway. PLoS One. 2025;20(6): 
e0325189. https://

doi.org/10.1371/journal.pone.0325189.
20. Biswas SK. Does the Interdependence between Oxidative Stress and Inflammation Explain the 

Antioxidant Paradox? Oxidative Medicine and Cellular Longevity. Hindawi Publishing Corpo-
ration. 2016;2016:5698931. doi: 10.1155/2016/5698931.

21. Hofer S, Geisler S, Lisandrelli R, Ngoc HN, Ganzera M, Schennach H, et al. Pharmacological 
targets of kaempferol within inflammatory pathways—a hint towards the central role of trypto-
phan metabolism. Antioxidants. 2020; 21;9(2):180. doi: 10.3390/antiox9020180.

22. Herrera TES, Tello IPS, Mustafa MA, Jamil NY, Alaraj M, Atiyah Altameem KK, et al. Kae-
mpferol: Unveiling its anti-inflammatory properties for therapeutic innovation. Cytokine. 
2025;186:156846. doi: 10.1016/j.cyto.2024.156846.

23. Alkhalidy H, Moore W, Wang Y, Luo J, McMillan RP, Zhen W, et al. The flavonoid kaempferol 
ameliorates streptozotocin-induced diabetes by suppressing hepatic glucose production. Mole-
cules. 2018;13;23(9):2338. doi: 10.3390/molecules23092338.

24. Muriel P. Liver pathophysiology : therapies and antioxidants. Chapter 1 - The Liver: General 
Aspects and Epidemiology, Academic Press is an imprint of Elsevier; 2017. p.3–22. https://doi.
org/10.1016/B978-0-12-804274-8.00001-1.

25. Almatroodi SA, Alsahli MA, Alharbi HM, Khan AA, Rahmani AH. Epigallocatechin-3-gal-
late (EGCG), an active constituent of green tea: Implications in the prevention of liver inju-
ry induced by diethylnitrosamine (DEN) in rats. Appl Sci. 2019;1;9(22):4821. https://doi.
org/10.3390/app9224821.

26. Rahmani AH, Almatroudi A, Allemailem KS, Alharbi HOA, Babiker AY, Althwab SA, Alsuhay-
mi N, Alsugoor MH, Khan AA, Al-Megrin WAI. Oleuropein, a phenolic component of Olea 
europaea L. ameliorates CCl4-induced liver injury in rats through the regulation of oxidative 



Kaempferol: Phytochemical Structure and Biological Activities

- 67 -

stress and inflammation. Eur Rev Med Pharmacol Sci. 2024;28(4):1259–1271. doi: 10.26355/
eurrev_202402_35447.

27. Przemyslaw N, Krajewska A, Oniszczuk T, Polak B, Oniszczuk A. Hepatoprotective Effect of Kae-
mpferol — A Review. Molecule. 2025; 30(9): 1913. https://doi.org/10.3390/molecules30091913.

28. Li Q, Hu X, Xuan Y, Ying J, Fei Y, Rong J, et al. Kaempferol protects ethanol-induced gastric 
ulcers in mice via pro-inflammatory cytokines and NO. Acta Biochim Biophys Sin (Shanghai). 
2018; 1;50(3):246–53. doi: 10.1093/abbs/gmy002. PMID: 29415150.

29. Alrumaihi F, Almatroodi SA, Alharbi HOA, Alwanian WM, Alharbi FA, Almatroudi A, et al. 
Pharmacological Potential of Kaempferol, a Flavonoid in the Management of Pathogenesis via 
Modulation of Inflammation and Other Biological Activities. Molecules. Multidisciplinary Dig-
ital Publishing Institute (MDPI); 2024;26;29(9):2007. doi: 10.3390/molecules29092007.

30. Sharma D, Kumar Tekade R, Kalia K. Kaempferol in ameliorating diabetes-induced fibrosis and 
renal damage: An in vitro and in vivo study in diabetic nephropathy mice model. Phytomedici-
ne. 2020;1;76:153235. doi: 10.1016/j.phymed.2020.153235.

31. Babaei P, Eyvani K, Kouhestani S. Sex-Independent Cognition Improvement in Response to 
Kaempferol in the Model of Sporadic Alzheimer’s Disease. Neurochem Res. 202;1;46(6):1480-
1486. doi: 10.1007/s11064-021-03289-y.

32. Pate KM, Rogers M, Reed JW, van der Munnik N, Vance SZ, Moss MA. Anthoxanthin Polyphe-
nols Attenuate Aβ Oligomer-induced Neuronal Responses Associated with Alzheimer’s Dis-
ease. CNS Neurosci Ther. 2017;1;23(2):135–44. doi: 10.1111/cns.12659.

33. Beg T, Jyoti S, Naz F, Rahul, Ali F, Ali SK, et al. Protective Effect of Kaempferol on the Trans-
genic Drosophila Model of Alzheimer’s Disease. CNS Neurol Disord - Drug Targets. 
2018;10;17(6):421–9. doi: 10.2174/1871527317666180508123050.

34. Feng W, Kita D, Peaucelle A, Cartwright HN, Doan V, Duan Q, et al. The FERONIA Recep-
tor Kinase Maintains Cell-Wall Integrity during Salt Stress through Ca2+ Signaling. Curr Biol. 
2018;28(5):666–75e5. doi: 10.1016/j.cub.2018.01.023.

35. Hasanpourghadi M, Looi CY, Pandurangan AK, Sethi G, Wong WF, Mustafa MR. Phytometab-
olites Targeting the Warburg Effect in Cancer Cells: A Mechanistic Review. Curr Drug Targets. 
2017;18(9):1086–1094. doi: 10.2174/1389450117666160401124842.

36. Turek M, Krzyczmonik M, Balczewski P. New Hopes in Cancer Battle - A Review of New Mole-
cules and Treatment Strategies. Med Chem (Los Angeles). 2016;17;12(8):700–19. doi: 10.2174/1
573406412666160502153700.

37. Almatroodi SA, Almatroudi A, Alsahli MA, Khan AA, Rahmani AH. Thymoquinone, an Active 
Compound of Nigella sativa: Role in Prevention and Treatment of Cancer. Curr Pharm Biotech-
nol. 2020;16;21(11):1028–41. doi: 10.2174/1389201021666200416092743.

38. Almatroudi A, Allemailem KS, Alwanian WM, Alharbi BF, Alrumaihi F, Khan AA, et al. Effects 
and Mechanisms of Kaempferol in the Management of Cancers through Modulation of Inflam-
mation and Signal Transduction Pathways. Vol. 24, International Journal of Molecular Scien-
ces. Multidisciplinary Digital Publishing Institute (MDPI). 2023;11;24(10):8630. doi: 10.3390/
ijms24108630.

39. Rahmani AH, Almatroudi A, Allemailem KS, Alwanian WM, Alharbi BF, Alrumaihi F, et al. 
Myricetin: A Significant Emphasis on Its Anticancer Potential via the Modulation of Inflam-
mation and Signal Transduction Pathways. Vol. 24, International Journal of Molecular Scien-
ces. Multidisciplinary Digital Publishing Institute (MDPI). 2023 :2;24(11):9665. doi: 10.3390/
ijms24119665.

40. Gonelimali FD, Lin J, Miao W, Xuan J, Charles F, Chen M, et al. Antimicrobial properties and 
mechanism of action of some plant extracts against food pathogens and spoilage microorgan-
isms. Front Microbiol. 2018 ;9:1639. doi: 10.3389/fmicb.2018.01639.

41. Liu J, Wen J, Lu J, Zhou H, Wang G. Kaempferol and Kaempferin Alleviate MRSA Virulence by 
Suppressing β -Lactamase and Inflammation. Molecules, 30(20), 4132. https://doi.org/10.3390/
molecules30204132.



FLAVONOIDS

- 68 -

42. Patil SV, Borase HP, Patil CD. et al. Biosynthesis of Silver Nanoparticles Using Latex from Few 
Euphorbian Plants and Their Antimicrobial Potential. Appl Biochem Biotechnol;2012; 167, 776-
790. https://doi.org/10.1007/s12010-012-9710-z

43. Namini MS, Mohandesnezhad S, Mohandesnezhad S, Mansouri V, Tayebi L. Enhancing bone 
regeneration using kaempferol as an osteoprotective compound : signaling mechanisms, de-
livery strategies, and potential applications. J Biol Eng. 19,74 (2025). https://doi.org/10.1186/
s13036-025-00545-5 2025;5.

44. Silva dos Santos J, Gonçalves Cirino JP, de Oliveira Carvalho P, Ortega MM. The Pharmacolog-
ical Action of Kaempferol in Central Nervous System Diseases: A Review. Front Pharmacol. 
2021;11.

45. Zhou H, Xu M, Guo W, Yao Z, Du X, Chen L, et al. The Antibacterial Activity of Kaempferol 
Combined with Colistin against Colistin-Resistant Gram-Negative Bacteria. Microbiol Spectr. 
2022; 21;10(6).

46. Subbaraj GK, Masoodi T, Yasam SK, Chandrashekar K, Kulanthaivel L, Shaik NA, et al. Anti-an-
giogenic effect of nano-formulated water soluble kaempferol and combretastatin in an in vivo 
chick chorioallantoic membrane model and HUVEC cells. Biomed Pharmacother. 2023; 1;163.

47. Aghazadeh T, Bakhtiari N, Rad IA, Ramezani F. Formulation of kaempferol in nanostructured 
lipid carriers (Nlcs): A delivery platform to sensitization of mda-mb468 breast cancer cells to 
paclitaxel. Biointerface Res Appl Chem. 2021;11(6):14601–14591.

48. Hussain MS, Altamimi ASA, Afzal M, Almalki WH, Kazmi I, Alzarea SI, et al. Kaempferol: 
Paving the path for advanced treatments in aging-related diseases. Experimental Gerontology; 
2024;188:112389. doi: 10.1016/j.exger.2024.112389.



- 69 -

CATECHIN AND ITS DERIVATIVES

CHAPTER 7CHAPTER 7

Sinem AYDIN1

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).

1	 Doç. Dr., Giresun University, Faculty of Science and Arts, Department of Biology, sinem.aydin@giresun.
edu.tr, ORCID iD: 0000-0002-0484-7191 
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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 β 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 β 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 8CHAPTER 8

Funda DEMİRTAŞ KORKMAZ1

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.

1	 Asst. Prof. Giresun University, Faculty of Medicine, Department of Medicinal Biology, demirtas.
korkmaz@giresun.edu.tr, ORCID iD: 0000-0003-3978-9427 

DOI: 10.37609/akya.3936.c2413



FLAVONOIDS

- 90 -

REFERENCES
1.	 Manach C, Scalbert A, Morand C, Rémésy C, Jiménez L. Polyphenols: food sources and bio-

availability. Am J Clin Nutr. 2004;79(5):727–47.
2.	 Luo Y, Jian Y, Liu Y, Jiang S, Muhammad D, Wang W. Flavanols from Nature: A Phytochemistry 

and Biological Activity Review. Molecules. 2022;27(3):719.
3.	 Fraga CG, Oteiza PI. Dietary flavonoids: Role of (−)-epicatechin and related procyanidins in 

cell signaling. Free Radic Biol Med. 2011;51(4):813–23.
4.	 Garcia JP, Santana A, Baruqui DL, Suraci N. The cardiovascular effects of chocolate. Vol. 19, 

Reviews in Cardiovascular Medicine. 2018;19:123–7.
5.	 Vlachojannis J, Erne P, Zimmermann B, Chrubasik-Hausmann S. The Impact of Cocoa Flava-

nols on Cardiovascular Health. Phyther Res. 2016;30(10):1641–57.
6.	 Mahdipour R, Ebrahimzadeh-Bideskan A, Hosseini M, Shahba S, Lombardi G, Malvandi AM, 

et al. The benefits of grape seed extract in neurological disorders and brain aging. Nutritional 
Neuroscience. 2023;26(5):369–83.

7.	 Salaish Kumar S, Mhd Jalil AM, Hussin N, Mat Daud ZA, Ismail A. Effects of flavanols and 
procyanidins-rich cocoa consumption on metabolic syndrome: an update review (2013-2023). 
Vol. 88, Bioscience, Biotechnology and Biochemistry. 2024;88(4):352–360.

8.	 Wang J, Yu Z, Wu W, He S, Xie B, Wu M, et al. Molecular mechanism of epicatechin gallate 
binding with carboxymethyl β-glucan and its effect on antibacterial activity. Carbohydr Polym. 
2022;298:120105.

9.	 Anitha S, Saranya V, Shankar R, Sasirekha V. Structural exploration of interactions of (+) cat-
echin and (−) epicatechin with bovine serum albumin: Insights from molecular dynamics and 
spectroscopic methods. J Mol Liq. 2022;348:118026.

10.	 Lee K, Bharadwaj S, Yadava U, Kang S. Computational and In Vitro Investigation of (-)-Epicat-
echin and Proanthocyanidin B2 as Inhibitors of Human Matrix Metalloproteinase 1. Biomole-
cules. 2020;10(10):1379.

11.	 Ramirez-Sanchez I, Nogueira L, Moreno A, Murphy A, Taub P, Perkins G, et al. Stimulatory 
effects of the flavanol (-)-epicatechin on cardiac angiogenesis: Additive effects with exercise. J 
Cardiovasc Pharmacol. 2012;60(5):429–38.

12.	 Sorrenti V, Ali S, Mancin L, Davinelli S, Paoli A, Scapagnini G. Cocoa Polyphenols and Gut 
Microbiota Interplay: Bioavailability, Prebiotic Effect, and Impact on Human Health. Nutrients. 
2020;12(7):1908.

13.	 Azam S, Jakaria M, Kim IS, Kim J, Haque ME, Choi DK. Regulation of Toll-Like Receptor 
(TLR) Signaling Pathway by Polyphenols in the Treatment of Age-Linked Neurodegenerative 
Diseases: Focus on TLR4 Signaling. Front Immunol. 2019;10(MAY):1000.

14.	 Flores MEJ. Cocoa flavanols: Natural agents with attenuating effects on metabolic syndrome 
risk factors. Nutrients. 2019;11(4):751.

15.	 Amoah I, Lim JJ, Osei EO, Arthur M, Tawiah P, Oduro IN, et al. Effect of Cocoa Beverage and 
Dark Chocolate Consumption on Blood Pressure in Those with Normal and Elevated Blood 
Pressure: A Systematic Review and Meta‐Analysis. Foods. 2022; 11(13): 1962.

16.	 Chen TS, Liao WY, Huang CW, Chang CH. Adipose-Derived Stem Cells Preincubated with 
Green Tea EGCG Enhance Pancreatic Tissue Regeneration in Rats with Type 1 Diabetes 
through ROS/Sirt1 Signaling Regulation. Int J Mol Sci. 2022 Mar 15;23(6):3165.

17.	 Wang YQ, Li QS, Zheng XQ, Lu JL, Liang YR. Antiviral Effects of Green Tea EGCG and Its 
Potential Application against COVID-19. Molecules. 2021;26(13):3962.

18.	 Tang G, Xu Y, Zhang C, Wang N, Li H, Feng Y. Green tea and epigallocatechin gallate (Egcg) for 
the management of nonalcoholic fatty liver diseases (nafld): Insights into the role of oxidative 
stress and antioxidant mechanism. Antioxidants. 2021;10(7):1076.

19.	 Hackman RM, Polagruto JA, Zhu QY, Sun B, Fujii H, Keen CL. Flavanols: digestion, absorption 
and bioactivity. Phytochem Rev. 2007;7(1):195–208.



Flavanols 

- 91 -

20.	 Taubert D, Roesen R, Lehmann C, Jung N, Schömig E. Effects of Low Habitual Cocoa Intake on 
Blood Pressure and Bioactive Nitric Oxide. JAMA. 2007;298(1):49.

21.	 Manach C, Williamson G, Morand C, Scalbert A, Rémésy C. Bioavailability and bioeffi-
cacy of polyphenols in humans. I. Review of 97 bioavailability studies. Am J Clin Nutr. 
2005;81(1):230S-242S.

22.	 Mena P, Bresciani L, Brindani N, Ludwig IA, Pereira-Caro G, Angelino D, et al. Phenyl-γ-valero-
lactones and phenylvaleric acids, the main colonic metabolites of flavan-3-ols: synthesis, anal-
ysis, bioavailability, and bioactivity. Nat Prod Rep. 2019;36(5):714–52.

23.	 Fernandes I, Nave F, Gonçalves R, de Freitas V, Mateus N. On the bioavailability of flavanols 
and anthocyanins: Flavanol–anthocyanin dimers. Food Chem. 2012;135(2):812–8.

24.	 Di Lorenzo C, Colombo F, Biella S, Stockley C, Restani P. Polyphenols and Human Health: The 
Role of Bioavailability. Nutrients. 2021;13(1):273.

25.	 Payne A, Taka E, Adinew GM, Soliman KFA. Molecular Mechanisms of the Anti-Inflammatory 
Effects of Epigallocatechin 3-Gallate (EGCG) in LPS-Activated BV-2 Microglia Cells. Brain Sci. 
2023;13(4):632.

26.	 Cheng Z, Zhang Z, Han Y, Wang J, Wang Y, Chen X, et al. A review on anti-cancer effect of 
green tea catechins. Journal of Functional Foods. 2020;74:104172.

27.	 Perron NR, Brumaghim JL. A review of the antioxidant mechanisms of polyphenol compounds 
related to iron binding. Cell Biochem Biophys. 2009;53(2):75–100.

28.	 Su J, Liao T, Ren Z, Kuang Y, Yu W, Qiao Q, et al. Polydopamine nanoparticles coated with 
a metal-polyphenol network for enhanced photothermal/chemodynamic cancer combination 
therapy. Int J Biol Macromol. 2023;238:124088.

29.	 Han J, Wang M, Jing X, Shi H, Ren M, Lou H. (-)-Epigallocatechin gallate protects against 
cerebral ischemia-induced oxidative stress via Nrf2/ARE signaling. Neurochem Res. 
2014;39(7):1292–9.

30.	 Sun W, Liu X, Zhang H, Song Y, Li T, Liu X, et al. Epigallocatechin gallate upregulates NRF2 to 
prevent diabetic nephropathy via disabling KEAP1. Free Radic Biol Med. 2017;108:840–57.

31.	 Heiss C, Keen CL, Kelm M. Flavanols and cardiovascular disease prevention. European Heart 
Journal. 2010; 31(21):2583-2592.

32.	 Steffen Y, Gruber C, Schewe T, Sies H. Mono-O-methylated flavanols and other flavonoids as 
inhibitors of endothelial NADPH oxidase. Arch Biochem Biophys. 2008;469(2):209–19.

33.	 Actis-Goretta L, Ottaviani JI, Keen CL, Fraga CG. Inhibition of angiotensin converting enzyme 
(ACE) activity by flavan‐3‐ols and procyanidins. FEBS Lett. 2003;555(3):597–600.

34.	 Wolfram S. Effects of green tea and egcg on cardiovascular and metabolic health. J Am Coll 
Nutr. 2007;26(4):373S-388S.

35.	 Ottaviani JI, Heiss C, Spencer JPE, Kelm M, Schroeter H. Recommending flavanols and procy-
anidins for cardiovascular health: Revisited. Mol Aspects Med. 2018;61:63–75.

36.	 Sharifi-Rad M, Pezzani R, Redaelli M, Zorzan M, Imran M, Ahmed Khalil A, et al. Pre-
clinical Activities of Epigallocatechin Gallate in Signaling Pathways in Cancer. Molecules. 
2020;25(3):467.

37.	 Xu T, Liu R, Zhu H, Zhou Y, Pei T, Yang Z. The Inhibition of LPS-Induced Oxidative Stress and 
Inflammatory Responses Is Associated with the Protective Effect of (-)-Epigallocatechin-3-Gal-
late on Bovine Hepatocytes and Murine Liver. Antioxidants. 2022;11(5):914.

38.	 Kim JS, Kim JM, O JJ, Jeon BS. Inhibition of inducible nitric oxide synthase expression and 
cell death by (−)-epigallocatechin-3-gallate, a green tea catechin, in the 1-methyl-4-phe-
nyl-1,2,3,6-tetrahydropyridine mouse model of Parkinson’s disease. J Clin Neurosci. 
2010;17(9):1165–8.

39.	 Yoshida S, Inaba H, Nomura R, Nakano K, Matsumoto-Nakano M. Green tea catechins inhibit 
Porphyromonas gulae LPS-induced inflammatory responses in human gingival epithelial cells. 
J Oral Biosci. 2022;64(3):352–8.



FLAVONOIDS

- 92 -

40.	 Han Y, Pei D, Li W, Luo B, Jiang Q. Epigallocatechin gallate attenuates tumor necrosis factor 
(TNF)-α-induced inhibition of osteoblastic differentiation by up-regulating lncRNA TUG1 in 
osteoporosis. Bioengineered. 2022;13(4):8950–61.

41.	 Ranjith-Kumar CT, Lai Y, Sarisky RT, Kao CC. Green tea catechin, epigallocatechin gallate, 
suppresses signaling by the dsRNA innate immune receptor RIG-I. Cheriyath V, editor. PLoS 
One. 2010;5(9):1–11.

42.	 Narita K, Hisamoto M, Okuda T, Takeda S. Differential neuroprotective activity of two different 
grape seed extracts. Ikeda K, editor. PLoS One. 2011;6(1):e14575.

43.	 Ratnawati R, Arofah AN, Novitasari A, Utami SD, Hariningsih MA, Rahayu M, et al. Catechins 
decrease neurological severity score through apoptosis and neurotropic factor pathway in rat 
traumatic brain injury. Universa Med. 2017;36(2):110–22.

44.	 Pervin M, Unno K, Takagaki A, Isemura M, Nakamura Y. Function of Green Tea Catechins in 
the Brain: Epigallocatechin Gallate and its Metabolites. Int J Mol Sci. 2019;20(15):3630.

45.	 Özduran G, Becer E, Vatansever HS. The Role and Mechanisms of Action of Catechins in Neuro-
degenerative Diseases. Vol. 42, Journal of the American Nutrition Association. 2023;42(1):67–
74.

46.	 Fernandes L, Cardim-Pires TR, Foguel D, Palhano FL. Green Tea Polyphenol Epigallocate-
chin-Gallate in Amyloid Aggregation and Neurodegenerative Diseases. Frontiers in Neurosci-
ence. 2021;15: 718188.

47.	 Ding ML, Ma H, Man YG, Lv HY. Protective effects of a green tea polyphenol, epigallocatechin- 
3-gallate, against sevoflurane-induced neuronal apoptosis involve regulation of CREB/BDNF/
TrkB and PI3K/Akt/mTOR signalling pathways in neonatal mice. Can J Physiol Pharmacol. 
2017;95(12):1396–405.

48.	 Almaguer G, Almaguer-Vargas G, Molina-Trinidad EM, Becerril-Flores MA, Montejano B, 
Madrigal-Santillan E, et al. Antitumor Effect of Epigallocatechin Gallate and Vincristine in 
Mice with L5178Y Lymphoma. Plants. 2023;12(21):3757.

49.	 Zhang D, Al-Hendy M, Richard-Davis G, Montgomery-Rice V, Rajaratnam V, Al-Hendy A. 
Antiproliferative and proapoptotic effects of epigallocatechin gallate on human leiomyoma 
cells. Fertil Steril. 2010;94(5):1887–93.

50.	 Gu JW, Makey KL, Tucker KB, Chinchar E, Mao X, Pei I, et al. EGCG, a major green tea cate-
chin suppresses breast tumor angiogenesis and growth via inhibiting the activation of HIF-1α 
and NFκB, and VEGF expression. Vasc Cell. 2013;5(1):9.

51.	 Shimizu M, Shirakami Y, Sakai H, Yasuda Y, Kubota M, Adachi S, et al. (-)-Epigallocatechin 
gallate inhibits growth and activation of the VEGF/VEGFR axis in human colorectal cancer 
cells. Chem Biol Interact. 2010;185(3):247–52.

52.	 García-Cordero J, Martinez A, Blanco-Valverde C, Pino A, Puertas-Martín V, San Román R, 
et al. Regular Consumption of Cocoa and Red Berries as a Strategy to Improve Cardiovascu-
lar Biomarkers via Modulation of Microbiota Metabolism in Healthy Aging Adults. Nutrients. 
2023;15(10).

53.	 Goya L, Martín M, Sarriá B, Ramos S, Mateos R, Bravo L. Effect of Cocoa and Its Flavonoids 
on Biomarkers of Inflammation: Studies of Cell Culture, Animals and Humans. Nutrients. 
2016;8(4):212.

54.	 Li F, Gao C, Yan P, Zhang M, Wang Y, Hu Y, et al. EGCG reduces obesity and white adipose 
tissue gain partly through AMPK activation in mice. Front Pharmacol. 2018;9:389872.

55.	 Sampath C, Rashid MR, Sang S, Ahmedna M. Green tea epigallocatechin 3-gallate alleviates 
hyperglycemia and reduces advanced glycation end products via nrf2 pathway in mice with 
high fat diet-induced obesity. Biomed Pharmacother. 2017;87:73–81.

56.	 Heiss C. Vascular Effects of Cocoa Rich in Flavan-3-ols. JAMA J Am Med Assoc. 
2003;290(8):1030–1.



Flavanols 

- 93 -

57.	 Grosso G, Godos J, Currenti W, Micek A, Falzone L, Libra M, et al. The Effect of Dietary Poly-
phenols on Vascular Health and Hypertension: Current Evidence and Mechanisms of Action. 
Nutrients. 2022;14(3):545.

58.	 Akhlaghi M, Ghobadi S, Mohammad Hosseini M, Gholami Z, Mohammadian F. Flavanols are 
potential anti-obesity agents, a systematic review and meta-analysis of controlled clinical trials. 
Nutr Metab Cardiovasc Dis. 2018;28(7):675–90.

59.	 Bazyar H, Hosseini SA, Saradar S, Mombaini D, Allivand M, Labibzadeh M, et al. Effects of epi-
gallocatechin-3-gallate of Camellia sinensis leaves on blood pressure, lipid profile, atherogenic 
index of plasma and some inflammatory and antioxidant markers in type 2 diabetes mellitus 
patients: a clinical trial. J Complement Integr Med. 2021;18(2):405–11.

60.	 Gratton G, Weaver SR, Burley C V., Low KA, Maclin EL, Johns PW, et al. Dietary flavanols im-
prove cerebral cortical oxygenation and cognition in healthy adults. Sci Rep. 2020;10(1):19409.

61.	 Vyas CM, Manson JAE, Sesso HD, Rist PM, Weinberg A, Kim E, et al. Effect of cocoa extract 
supplementation on cognitive function: results from the clinic subcohort of the COSMOS trial. 
Am J Clin Nutr. 2024;119(1).

62.	 Brickman AM, Yeung LK, Alschuler DM, Ottaviani JI, Kuhnle GGC, Sloan RP, et al. Dietary 
flavanols restore hippocampal-dependent memory in older adults with lower diet quality and 
lower habitual flavanol consumption. Proc Natl Acad Sci. 2023;120(23).

63.	 Akyürek EG, Altınok A, Karabay A. Concurrent consumption of cocoa flavanols and caffeine 
does not acutely modulate working memory and attention. Eur J Nutr. 2025;64(1):1–17.



- 95 -

RESVERATROL

CHAPTER 9CHAPTER 9

Zeliha KAYA1

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, including anti-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).
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CYANIDIN AND HUMAN HEALTH: 
MECHANISMS AND APPLICATIONS

CHAPTER 10CHAPTER 10

Sevim İpek ACAR CÖMERT1

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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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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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.

Future research should aim to elucidate the pharmacokinetics, 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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