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Introduction 

Aging 

To our knowledge, this review is the first on the EGCG effect on epigenetic alteration as a hallmark of aging [1]. Increased 

life expectancy in both developed and developing countries, turning their public into aging societies, the United Nations defines 

the population over the age of 65 are about 7% of the whole population [2, 3]. In 2050 it is expected that people aged 60 years 

and older will reach 2 billion of the world's population [4] 

Statistics highlight the increasing number of aged populations, therefore, needs more consideration for aging [5, 6]. Although 

aging is a time accumulating decline in biological function, several cellular process alterations, and DNA gene transcription 

and translation modulation changes could be due to factors some of them are genomic instability, telomere attrition, cellular 

senescence [7-9], and epigenetics alteration [10-12]. 

Characteristics of aging are inflammations, sarcopenia, and multiple disease susceptibility, including cardiovascular diseases, 

neurodegenerative diseases, cancers, chronic diseases, and other metabolic diseases; these features could be induced by bad 

lifestyle habits, poor diet quality, and physical inactivity [3, 13]. 

People age differently; the characteristics of aging are not for all aged individuals [14, 15]. Notably, centenarians people aged 

100 years or older seem to have slower aging than others, indicating a difference between people in the aging process [16].  

The research investigates the aging process at the body’s cellular and nuclear levels to find a solution that could reverse the 

side effects of the aging process since it has serious side effects such as multiple diseases and frailty [17, 18]. One of the 

important aging hallmarks is epigenetic alteration [11, 19]. As people age differently, the concept of epigenetic aging 

acceleration (EAA) has been invented to describe the difference between predicted DNA epigenetic age and chronological age 

[16, 20]. The EAA manifests through aging disease onset diagnosis in older adults as an aging consequence due to internal 

and external factors [21-23] build in the body and affect health for a long time [16]. 
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Increased life expectancy turns the public into aged societies, and aged individuals are expected to 

reach 2 billion of the world’s population. Aging is a time accumulating decline in the body's 

biological function. An important aging hallmark is epigenetic alteration. Tea is a rich source of 

Epigallocatechin Gallate which has a role in aging epigenetics modulation. This review is conducted 

to clarify and derive a more precise description of the association between Epigallocatechin Gallate 

(EGCG) and epigenetic alteration as an aging hallmark. The search was conducted in four databases 

(PubMed, Science Direct, Scopus, and Google Scholar) for peer-reviewed articles published 

between January 2011 and December 2020. Studies were selected according to the association 

between EGCG and regulation of aging-related epigenetic marks in mice animal models following 

the PRISMA statement checklist. The role of EGCG in muscle aging is the modification of miRNA, 

which decreases gene expression and proteins responsible for muscle wasting, another role of 

EGCG in aging through increasing AcH3K9 and HDAC1 lower expression, which improves cardiac 

diastolic function. EGCG is one of the epigenetics modifying phytochemicals in aging; according 

to the aging theory, histone acetylation restoration by HDAC 1 inhibitors, and there is a (gero-

miRNAs) regulating aging-associated genes activity. 
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Epigenetics 

DNA in the cells contains cell identity, function, and instruction [24]. Epigenetics regulates the interactions between the 

genome and the external environment altering gene expression in response to environmental cues [25]. Epigenetics controls 

DNA accessibility and affects gene transcription without changing DNA sequence [25, 26]. 

The genetic material in cells is wrapped around histones protein; this DNA-protein complex is coiled into the shape of 

chromatin, and they are all condensed in the nucleus; DNA chromatin structure is highly organized to regulate genetic function 

[24, 27]. Epigenetics regulation includes histone modifications, DNA methylation [28], and non-coding RNA (ncRNA) [25, 

29]. 

 

Histone Modification 

DNA in the nucleus is coiled around histone octamer and contains two copies of each histone (histone 2A (H2A), histone 2B 

(H2B), histone 3 (H3), and histone 4 (H4)) [27]. Histone modification leads to alteration in chromatin compaction and 

recruitment of transcriptional factors to modify gene expression. Acetylation of histone is the most important histone 

modification studied in aging research; the acetylation process is an addition of an acetyl group at the N-terminal tails of 

histones and makes DNA more exposed to the transcriptional factors [25, 26]. 

Deacetylation of histone is the removal of the acetyl group attached to the histone and compacting of the chromatin. This 

makes DNA less accessible to transcriptional factors and, thus, represses gene expression [30]. Histone acetylation is regulated 

by two types of enzymes: histone acetylases (HATs) and histone deacetylases (HDACs). HATs are enzymes for histone 

acetylation, and HDACs are enzymes for histone deacetylation. Histone acetylation and HDAC inhibitors are the most 

protective epigenetic processes from aging and aging-related diseases (Figure 1) [30]. 

 

DNA Methylation 

DNA methylation (DNAm) is a process of blocking parts of DNA, which decreases transcription of the methylated sections; 

by adding a methyl group to the cytosine amino acid at CpG island in the DNA promoter; this modification depends on a 

family of enzymes known as DNA methyltransferases (DNMTs) [25, 26]. DNAm is lower in the centenarian DNA, and the 

methylation pattern in centenarians occurred at the gene promoter in fewer CpG islands. Changes in DNA methylation patterns 

could cause genomic instability and loss of telomere integrity, thus, associated with the aging phenotype (Figure 1) [10, 11]. 

 

Non-coding RNAs  

Non-coding RNA (ncRNA) is an RNA molecule transcribed by DNA that does not translate into protein; ncRNA has two 

types short and long. The short ncRNA molecule name is microRNA (miRNA). It consists of about ~22 nucleotides and 

functions as a post-transcriptional regulator of gene expression by y-binding to messenger RNA, causing it to degrade or inhibit 

the translational process [31]. ncRNA plays a vital role in maintaining genetic stability by regulating gene expression and 

aging biological activity, which could provide a valuable understanding of aging and aging-related diseases [32]. (gero-

miRNAs) are a miRNA class linked to aging regulating aging-associated gene activity, and modulating longevity networks at 

the cell and nuclear level (Figure 1) [11]. 

 

Nutri-Epigenetics and Aging 

Epigenetic aging marks accumulate lifelong concerning factors; one of these factors is nutrition, which has an important 

environmental impact on epigenetic aging marks [16, 33]. Modification of the epigenetics related to aging has a good impact 

on individual health and well-being; nutrient plays an essential role in this modification, which affect transcription and 

translation of genes, protein production in the cells, major body organ function, and phenotype through a lifetime [16, 34-36]. 

Nutrient compounds include methyl donors (folic acid, vitamin B12, vitamin B6, vitamin B2, choline), which are the most 

important modification of the epigenetics mechanism by nutrition [34, 35]. Other essential nutrients and phytochemicals that 

affect epigenetics are cruciferous vegetables containing sulforaphane, soy containing genistein, grapes containing resveratrol, 

and tea containing epigallocatechin gallate (EGCG) [37]. 

 

Tea Catechins and Epigallocatechin Gallate  

Tea (Camellia sinensis (L.) Kuntze) is the oldest and most consumed drink worldwide [38, 39]. It is a perennial shrub that 

belongs to Theaceae family. Moreover, Tea is an evergreen shrub native to East Asia. Classification of tea according to the 

fermentation process of the leaves is fermented black tea leaves, minimally fermented green tea leaves, and not fermented 

white tea leaves. This process makes tea types differ in their concentration and the types of phytochemicals and antioxidants 

in them [38-40]. Catechins (flavan-3-ol) are the most common and diversified phenolic compounds in tea and food. Catechins 

in the tea are epicatechin, epigallocatechin, epicatechin gallate, and EGCG is the most abundant and active catechin component 

in the tea, which represents about 65% of the total catechins in the tea [39].  

The EGCG has a beneficial role in a wide range of diseases and disorders due to it is antioxidant and anti-inflammatory activity, 

and it has a protective effect against aging-related diseases: neurodegenerative diseases, cardiovascular disease, and cancers 

(Figure 2) [41-45]. In addition, EGCG's role at the nuclear level in cancer epigenetics modulation (Figure 2) DNA 

demethylation and histone acetylation by inhibiting the DNMT and HDAC activities [32]. EGCG in tea has a positive and 
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protective effect on cancer epigenetics and aging-related disease. The objective of the current review is to clarify and 

investigate the relationship between tea catechin EGCG and epigenetic alteration as an aging hallmark. 

 

Materials and Methods 

Study Protocol 

In the current review, PRISMA Statement guidelines are followed [46]. The protocol registers in PROSPERO 

(CRD42021241235). Inclusion criteria were as follows: 1) Population/Animals: Mice animal model, 2) Intervention: Tea 

catechin compounds Epigallocatechin Gallate (EGCG), 3) Control: Younger mice and mice of the same age without 

intervention, 4) Study designs: Epigenetics experimental studies, full-text open-access, and 5) Outcome: Regulation of aging-

related epigenetic marks on the DNA (DNA methylation, histone modification, and miRNA). Exclusion criteria were as 

follows: 1) Population/Animals: Human model and cell (in vitro) models, 2) Interventions: Catechins compounds other than 

EGCG; and catechins not extracted from the tea, 3) Study designs: Other types of studies, and 4) Outcome: Regulation of 

(Cancer, Alzheimer's, neurodegenerative diseases, or chronic diseases) epigenetic marks; and gene expression studies without 

epigenetics in the outcome excluded.  

The search was conducted in the published, full-length, and open-access articles from the databases: PubMed, Science Direct, 

Scopus, and Google Scholar, from January 2011 to December 2020. The search terms (Table 1) and process applied in all 

articles parts not restricted to certain parts of the articles. 

 

 
Figure 1. Aging epigenetics (Histone modification – DNA methylation – Non-coding RNA). The figure was produced in 

Canva Software (Canva Inc. Sydney, Australia) by a second author. 
 

 
Figure 2. EGCG beneficial roles and protective effects against aging-related disease, and nuclear role in cancer 

epigenetics modulation. The figure was produced in Canva Software (Canva Inc. Sydney, Australia) by a second author. 

Table 1. They used search terms and keywords in the current study. 

Term The search keywords 



Alyamani and Almatrafi, 2023 

Pharmacophore, 14(6) 2023, Pages 11-19 

14 

Epigenetics "Epigenomics, epigenetic repression, DNA methylation, histone modification, RNA, untranslated, histone code 

Tea catechin "EGCG, epigallocatechin gallate, catechin, tea, camellia sinensis, 

Aging "Aging, healthy aging, longevity" 

1 Filters were applied while searching document types (articles), open-access, and publication language (English). The process was performed and repeated 

for all databases. 

Study Selection 

Studies were collected from the databases where duplicates were deleted manually; then screening of the articles' titles, 

abstracts, and keywords was done for assurance. The relevant titles and abstracts were rescreened more than once. The 

eligibility criteria assessed in studies within the screening and full-text reading steps. Finally, studies that met our criteria were 

included for further investigation. 

Data Extraction 

Data were extracted from articles using a table containing eight characteristics according to the studies' inclusion criteria and 

outcome (first author, year, samples, EGCG method of intervention, duration of the intervention, tissue type, epigenetics, 

genes, and protein expression, antiaging effect).  

Quality Assessment 

Studies quality is measured by using a modified version of the Collaborative Approach to Meta-Analysis and Review of 

Animal Experimental Studies (CAMARADES’) checklist depending on eight criteria (publication in the peer-reviewed 

journal, allocation concealment, randomizations to intervention and/or control group, blinded assessment of outcome, using 

of aged animal model, sample-size calculation, statement of compliance with regulatory requirements, and a statement 

regarding possible conflict of interest [47, 48]. The scale had a maximum score of eight and applied to all studies meeting the 

eligibility criteria. Studies were excluded if they scored less than four. 

 

Results and Discussion 

Study Selection 

The search results in a total of 1644 articles (Figure 3), with 112 duplicate articles removed. After screening the titles, abstracts, 

and/or keywords, 1524 articles were excluded because they were either reviews, unrelated articles, or the intervention was by 

catechins other than EGCG and/or not extracted from the tea (Figure 3). After assessing the full-text articles, an additional 

five were excluded. Two articles met the eligibility criteria and were examined by the CAMARADES’ checklist for assessing 

study quality. 

 

Quality Within Studies 

The overall quality of the included studies was measured, and the + indicates yes, and – indicates no or unknown if the studies 

met the quality measures in the checklist (Figure 4).  

 

EGCG Modification of Aging Epigenetic 

Histone Modification Through HDAC Regulation  

The histone deacetylase 1 (HDAC 1) increased in the aged hearts and binding level with the cardiac troponin I (cTnI) gene 

promoter. In addition, it might involve histone 3 lysine 9 acetylation (AcH3K9) activity near the cTnI's promoter. 

Hypoacetylation and histone compaction are observed in the aging; these changes will lower the binding levels of the 

transcriptional factors: GATA Binding Protein 4 (GATA4) and Myocyte Enhancer Factor 2C (Mef2c) with the cTnI promoter 

causing a decrease in the transcription level of cTnI gene which could result in cardiac-diastolic dysfunction [49].  

The EGCG may increase AcH3K9 by inhibiting the expression of HDAC1 binding levels with the cTnI's proximal promoter, 

thus, increasing the bind levels of the transcriptional factors: GATA4 and Mef2c key cis element with cTnI gene, which will 

reverse the process of aging and increases the transcription of the cTnI gene, resulting in an enhancement and improvement of 

the cardiac function in the aged heart [49]. 

miRNA Expression Modification 

The EGCG supplementation increases the miR-486-5p expression in skeletal muscle in aged mice compared to other mice of 

the same age who do not receive the EGCG supplementation. Increased miR-486-5p expression level decreases protein's 

expression of the phosphatase and tensin homolog (PTEN) gene [50]. 

Activation of serine/threonine kinase (AKT), which promote muscle growth, happens due to the decreases of PTEN protein 

expression, phosphorylation, and inhibition of forkhead box o1 (FoxO1) proteins which are involved in the muscle loss 

process, and downregulation of the transcription of muscle atrophy-related genes: muscle RING-finger protein-1 (MuRF1), 

and muscle atrophy F-box gene (Atrogin-1). That indicates that EGCG may contribute to a positive protein turnover in skeletal 

muscle and prevent age-associated muscle loss such as sarcopenia [50]. 
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Figure 3. Flow diagram of search and article selection process. 

 

 
Figure 4. CAMARADES’ checklist [49, 50] for assessing the quality of the included studies. 

 

Table 2. Characteristics of the included studies. Genes and protein expression are summarized to (↓) for lower expression 

and (↑) for higher expression effects. 
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cardiac function 

improved. 
Control group 

(SPF class c57bl/6) 

3 months and 18 months old mice 

(SAMR1/Ta Slc) senescence-accelerated mouse resistant 1, (SAMP8/Ta Slc) senescence-accelerated mouse prone 8, (AcH3K9) histone 3 

lysine 9 acetylation, (HDAC1) histone deacetylase 1, (SPF) mice raised in specific pathogen-free facilities (class c57bl/6) class C57 black 

6 

Increased life expectancy turns the world's population into aging societies; aging increases the risk of multiple disease 

susceptibility [2, 3]. Epigenetic alteration is an important aging hallmark [11]. Phytochemicals affect epigenetic marks, and 

the well-studied phytochemical compound is EGCG from tea leaves. The current review investigates the relationship between 

tea catechin EGCG and epigenetic alteration hallmark. 

Results demonstrate a possible correlation between EGCG and muscle preservation in aging by miRNA modification; which 

decreases the expression of genes and proteins responsible for muscle wasting. Another role of EGCG in aging is improving 

cardiac diastolic function through increasing histone acetylation and HDAC lower expression (Figure 5). 

In line with the quality synthesis of the article results, EGCG positively affects aging epigenetics. However, based on the 

findings of similar articles, it has been found that EGCG affects the epigenetics mechanism in cancer which is an aging-

associated disease. EGCG has a well-studied role in histone modification by regulating HAT and HDAC enzymes. EGCG 

Inhibits the activity of HDAC 1 in cervical, skin, and colon cancer cells [51, 52]. Furthermore, EGCG enhances the expression 

of different types of miRNAs in cervical, prostate, breast, and hepatocellular carcinoma [52].  

These results build on existing evidence of epigenetic alteration, EGCG reversing epigenetic mark changes due to aging 

through the restoration of histone acetylation through HDAC inhibitors [11]. The findings of this review suggest that EGCG 

stimulates histone acetylation and inhibits HDAC and this is strongly linked to the theory of epigenetic aging mark [49]. 

Genetic instability is a critical factor in the aging process. The miRNA is considered an essential factor in genetic stability and 

aging regulation. According to the aging hallmarks, there is a class of miRNAs linked to aging (gero-miRNAs) that regulate 

aging-associated gene activity, and according to the result, EGCG increases the miR-486-5p expression in skeletal muscles 

regulates aging-related genes in muscles [11, 32, 50]. These findings indicate the critical role of EGCG in epigenetic aging 

histone acetylation, HDAC inhibition, and miRNA expression regulation.  

To our knowledge, this review is the first on the EGCG effect on epigenetic alteration as a hallmark of aging. This review 

focuses on epigenetic aging without another aging-related disease. The outcome is focused on the aging process according to 

epigenetic alteration mainly. 

Key challenges and limitations of this review include that there were not enough studies for EGCG on mice covering all 

epigenetic modifications, such as DNA methylation, since DNA methylation is one of the important epigenetic aging marks. 

According to our search strategy, the open search keywords about the type of model in the systematic search were to identify 

all the available models, and according to this, the available models were animal models (in vivo) and cell models (in vitro) in 

the epigenetics studies. Open-access articles are the only type included in the search, and grey literature was not included, but 

we included four search databases in the literature search to minimize the effect of this obstacle on the result. There is no 

official quality assessment measure for epigenetic studies. Types of EGCG intervention are different. It could affect the 

outcome of EGCG; however, intervention through adding EGCG to diet depends on the bioavailability of EGCG for absorption 

in the gastrointestinal tract (GIT) is different from intervention by intraperitoneal injection allows quick and large amount 

reabsorption of the EGCG.  

 

 
Figure 2. EGCG effects on epigenetic aging (Histone modification and miRNA expression). The figure was produced in 

Canva Software (Canva Inc. Sydney, Australia) by a second author. 

 

Further research in EGCG and epigenetic alteration is recommended to measure DNA methylation level concerning aging 

since EGCG inhibits DNA methylation by inhibiting the DNMTs in some types of oncogenes, and DNA methylation is the 
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epigenetic clock which is strongly associated with aging [16, 51, 53] 14.58.61. Therefore, EGCG could regulate DNA 

methylation, inhibit DNMTs, and slow down the epigenetic clock.  

An upcoming review in EGCG and epigenetic alteration should consider all types of articles other than open access only, and 

there is a need for quality assessment measures specific to epigenetic studies in animal and/or human model studies. Consider 

the type of EGCG best intervention method and its applicability in humans.  

 

Conclusion 

In summary, this review of EGCG's effects on epigenetic aging found that EGCG has a role in muscle preservation and cardiac 

diastolic function improvement. Muscle preservation by miRNA expression modification decreases the expression of genes 

and proteins responsible for muscle wasting. Cardiac diastolic function improvement is the other role of EGCG in aging 

through increasing histone acetylation and inhibiting HDAC 1. 

There are not enough studies for EGCG on mice covering all epigenetic modifications such as DNA methylation which is one 

of the important epigenetic aging marks. Therefore, a future review of EGCG and epigenetic alteration should consider the 

need for quality assessment measures specific to epigenetic studies in animal and/or human model studies and consider the 

type of EGCG best intervention method and it is applicability in humans. 

Acknowledgments: None 

Conflict of interest: None 

Financial support: None 

Ethics statement: None 

References 

1. Iancu IA, Hendrick P, Micu DD, Cote A. Pandemic-Induced Shifts in Climate Change Perception and Energy 

Consumption Behaviors: A Cross-Country Analysis of Belgium, Italy, Romania, and Sweden. Sustainability. 

2023;15(20):14679. 

2. Choi SH, Lee R, Nam SM, Kim DG, Cho IH, Kim HC, et al. Ginseng gintonin, aging societies, and geriatric brain 

diseases. Integr Med Res. 2021;10(1):100450. 

3. Carter SJ, Gruber AH, Raglin JS, Baranauskas MN, Coggan AR. Potential health effects of dietary nitrate 

supplementation in aging and chronic degenerative disease. Med Hypotheses. 2020;141:109732. 

4. Robbins TD, Keung SN, Arvanitis TN. E-health for active ageing; A systematic review. Maturitas. 2018;114:34-40. 

doi:10.1016/j.maturitas.2018.05.008 

5. Cavalu S, Simon V, Albon C, Hozan C. Bioactivity evaluation of new silver doped bone cement for prosthetic surgery. 

J Optoelectron Adv Mater. 2007;9(3):690. 

6. Rosas-Nexticapa M, Figueroa-Valverde L, Alvarez-Ramirez M, Lopez-Ramos M, Mateu-Armand V, Lopez-Gutierrez 

T. Evaluation of Interaction of Some Quinolone Derivatives on RSK-4 Using a Theoretical Model. Clin Cancer Investig 

J. 2022;11(6):16-20. 

7. Knopp RC, Erickson MA, Rhea EM, Reed MJ, Banks WA. Cellular senescence and the blood-brain barrier: Implications 

for aging and age-related diseases. Exp Biol Med (Maywood). 2023;248(5):399-411. 

8. Giannoula Y, Kroemer G, Pietrocola F. Cellular senescence and the host immune system in aging and age-related 

disorders. Biomed J. 2023;46(3):100581. 

9. Deng Y, Wang M, He Y, Liu F, Chen L, Xiong X. Cellular Senescence: Ageing and Androgenetic Alopecia. 

Dermatology. 2023;239(4):533-41. 

10. Park JH, Yoo Y, Park YJ. Epigenetics: Linking Nutrition to Molecular Mechanisms in Aging. Prev Nutr Food Sci. 

2017;22(2):81-9. 

11. López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hallmarks of aging. Cell. 2013;153(6):1194-217.  

12. Evangelakou Z, Manola M, Gumeni S, Trougakos IP. Nutrigenomics as a tool to study the impact of diet on aging and 

age-related diseases: the Drosophila approach. Genes Nutr. 2019;14:12. 

13. DeJong EN, Surette MG, Bowdish DME. The Gut Microbiota and Unhealthy Aging: Disentangling Cause from 

Consequence. Cell Host Microbe. 2020;28(2):180-9.  

14. Nath SG, Raveendran R, Perumbure S. Artificial Intelligence and Its Application in the Early Detection of Oral Cancers. 

Clin Cancer Investig J. 2022;11(1):5-9. 

15. Dorontsev AV, Vorobyeva NV, Kumantsova ES, Shulgin AM, Sharagin VI, Eremin MV. Functional Changes in the 

Body of Young Men Who Started Regular Physical Activity. J Biochem Technol. 2022;13(1):65-71. 

16. Declerck K, Vanden Berghe W. Back to the future: Epigenetic clock plasticity towards healthy aging. Mech Ageing 

Dev. 2018;174:18-29. 



Alyamani and Almatrafi, 2023 

Pharmacophore, 14(6) 2023, Pages 11-19 

18 

17. Abubaker SA, Abdelwadoud ME, Ali MM, Ahmad HA, Khlafalla AM, Elmahi OM, et al. Immunohistochemical 

Expression of Oestrogen and Epidermal Growth Factor Receptors in Endometrial Cancerous in Sudanese Patients. J 

Biochem Technol. 2021;12(1):58-62. 

18. Ayboğa MH, Ganii F. The Covid 19 Crisis and The Future of Bitcoin in E-Commerce. J Organ Behav Res. 

2022;7(2):203-13. 

19. Yousaf M, Khan MM, Paracha AT. Leading Professionally Diverse Workgroups of Healthcare Professionals for 

Improving Quality of Care. J Organ Behav Res. 2021;6(1):106-19. 

20. Oran IB, Yilmaz S, Erol M. The Impacts of Artificial Intelligence and Covid-19 on Brics and Performance Analysis of 

South-African Republic. J Organ Behav Res. 2021;6(2):89-99. 

21. Rezvani HR, Ali N, Serrano-Sanchez M, Dubus P, Varon C, Ged C, et al. Loss of epidermal hypoxia-inducible factor-

1α accelerates epidermal aging and affects re-epithelialization in human and mouse. J Cell Sci. 2011;124(Pt 24):4172-

83. 

22. Frasca D, Blomberg BB, Garcia D, Keilich SR, Haynes L. Age-related factors that affect B cell responses to vaccination 

in mice and humans. Immunol Rev. 2020;296(1):142-54.  

23. Howard B, Bascom CC, Hu P, Binder RL, Fadayel G, Huggins TG, et al. Aging-Associated Changes in the Adult Human 

Skin Microbiome and the Host Factors that Affect Skin Microbiome Composition. J Invest Dermatol. 2022;142(7):1934-

46. 

24. Camacho-Ordonez N, Ballestar E, Timmers HTM, Grimbacher B. What can clinical immunology learn from inborn 

errors of epigenetic regulators? J Allergy Clin Immunol. 2021;147(5):1602-18.  

25. Bernstein D, Golson ML, Kaestner KH. Epigenetic control of β-cell function and failure. Diabetes Res Clin Pract. 

2017;123:24-36.  

26. Alyamani RAS, Murgatroyd C. Epigenetic Programming by Early-Life Stress. Prog Mol Biol Transl Sci. 2018;157:133-

50.  

27. Pal S, Tyler JK. Epigenetics and aging. Sci Adv. 2016;2(7):e1600584.  

28. Santos HP Jr, Nephew BC, Bhattacharya A, Tan X, Smith L, Alyamani RAS, et al. Discrimination exposure and DNA 

methylation of stress-related genes in Latina mothers. Psychoneuroendocrinology. 2018;98:131-8.  

29. Li D, Yang Y, Li Y, Zhu X, Li Z. Epigenetic regulation of gene expression in response to environmental exposures: 

From bench to model. Sci Total Environ. 2021;776:145998. 

30. Seira O, Wang W, Lee S, Roskams J, Tetzlaff W. HDAC inhibition leads to age-dependent opposite regenerative effect 

upon PTEN deletion in rubrospinal axons after SCI. Neurobiol Aging. 2020;90:99-109. 

31. Ozben T. Basic principles of epigenetics: DNA methylation, histone modifications and non-coding RNAS. Clin Chim 

Acta. 2019;493:S736. doi:10.1016/j.cca.2019.03.1424 

32. Arora I, Sharma M, Sun LY, Tollefsbol TO. The Epigenetic Link between Polyphenols, Aging and Age-Related 

Diseases. Genes (Basel). 2020;11(9):1094. 

33. Ford D. Epigenetic responses to diet in aging. InMolecular Basis of Nutrition and Aging 2016 Jan 1 (pp. 213-226). 

Academic Press. 

34. Levine ME, Lu AT, Quach A, Chen BH, Assimes TL, Bandinelli S, et al. An epigenetic biomarker of aging for lifespan 

and healthspan. Aging (Albany NY). 2018;10(4):573-91. 

35. Amenyah SD, Ward M, Strain JJ, McNulty H, Hughes CF, Dollin C, et al. Nutritional Epigenomics and Age-Related 

Disease. Curr Dev Nutr. 2020;4(7):nzaa097. 

36. Alam I, Ali F, Zeb F, Almajwal A, Fatima S, Wu X. Relationship of nutrigenomics and aging: Involvement of DNA 

methylation. J Nutr Intermed Metab. 2019;16:100098. 

37. Daniel M, Tollefsbol TO. Epigenetic linkage of aging, cancer and nutrition. J Exp Biol. 2015;218(Pt 1):59-70.  

38. Rashidinejad A, Boostani S, Babazadeh A, Rehman A, Rezaei A, Akbari-Alavijeh S, et al. Opportunities and challenges 

for the nanodelivery of green tea catechins in functional foods. Food Res Int. 2021;142:110186.  

39. Musial C, Kuban-Jankowska A, Gorska-Ponikowska M. Beneficial Properties of Green Tea Catechins. Int J Mol Sci. 

2020;21(5):1744.  

40. Cardoso RR, Neto RO, Dos Santos D'Almeida CT, do Nascimento TP, Pressete CG, Azevedo L, et al. Kombuchas from 

green and black teas have different phenolic profile, which impacts their antioxidant capacities, antibacterial and 

antiproliferative activities. Food Res Int. 2020;128:108782.  

41. Eng QY, Thanikachalam PV, Ramamurthy S. Molecular understanding of Epigallocatechin gallate (EGCG) in 

cardiovascular and metabolic diseases. J Ethnopharmacol. 2018;210:296-310. 

42. Gruendler R, Hippe B, Sendula Jengic V, Peterlin B, Haslberger AG. Nutraceutical Approaches of Autophagy and 

Neuroinflammation in Alzheimer's Disease: A Systematic Review. Molecules. 2020;25(24):6018. 

43. Rady I, Mohamed H, Rady M, Siddiqui IA, Mukhtar H. Cancer preventive and therapeutic effects of EGCG, the major 

polyphenol in green tea. Egypt J Basic Appl Sci. 2018;5(1):1-23. 

44. Wei R, Wirkus J, Yang Z, Machuca J, Esparza Y, Mackenzie GG. EGCG sensitizes chemotherapeutic-induced 

cytotoxicity by targeting the ERK pathway in multiple cancer cell lines. Arch Biochem Biophys. 2020;692:108546.  

45. Zhang S, Zhu Q, Chen JY, OuYang D, Lu JH. The pharmacological activity of epigallocatechin-3-gallate (EGCG) on 

Alzheimer's disease animal model: A systematic review. Phytomedicine. 2020;79:153316.  



Alyamani and Almatrafi, 2023 

Pharmacophore, 14(6) 2023, Pages 11-19 

19 

46. McInnes MDF, Moher D, Thombs BD, McGrath TA, Bossuyt PM, and the PRISMA-DTA Group; et al. Preferred 

Reporting Items for a Systematic Review and Meta-analysis of Diagnostic Test Accuracy Studies: The PRISMA-DTA 

Statement. JAMA. 2018;319(4):388-96.  

47. Sadigh-Eteghad S, Majdi A, McCann SK, Mahmoudi J, Vafaee MS, Macleod MR. D-galactose-induced brain ageing 

model: A systematic review and meta-analysis on cognitive outcomes and oxidative stress indices. PLoS One. 

2017;12(8):e0184122.  

48. Macleod MR, O'Collins T, Howells DW, Donnan GA. Pooling of animal experimental data reveals influence of study 

design and publication bias. Stroke. 2004;35(5):1203-8. 

49. Pan B, Quan J, Liu L, Xu Z, Zhu J, Huang X, et al. Epigallocatechin gallate reverses cTnI-low expression-induced age-

related heart diastolic dysfunction through histone acetylation modification. J Cell Mol Med. 2017;21(10):2481-90.  

50. Chang YC, Liu HW, Chan YC, Hu SH, Liu MY, Chang SJ. The green tea polyphenol epigallocatechin-3-gallate 

attenuates age-associated muscle loss via regulation of miR-486-5p and myostatin. Arch Biochem Biophys. 

2020;692:108511. 

51. Kedhari Sundaram M, Haque S, Somvanshi P, Bhardwaj T, Hussain A. Epigallocatechin gallate inhibits HeLa cells by 

modulation of epigenetics and signaling pathways. 3 Biotech. 2020;10(11):484.  

52. Irshad R, Husain M. Natural products in the reprogramming of cancer epigenetics. Toxicol Appl Pharmacol. 

2021;417:115467. doi:10.1016/j.taap.2021.115467 

53. Varghese E, Liskova A, Kubatka P, Mathews Samuel S, Büsselberg D. Anti-Angiogenic Effects of Phytochemicals on 

miRNA Regulating Breast Cancer Progression. Biomolecules. 2020;10(2):191. 


