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Abstract
Epigenetic dysregulation through DNA methylation of the promoter, chromatin remodelling via histone modifying enzymes, 
and miRNA-mediated post-transcriptional gene silencing of target genes, for example, cell cycle regulators, signal transduc-
ers, transcription factors, nuclear receptors, and gene products for DNA repair and apoptosis, contribute to altered func-
tions of the cells and ultimately cause disease or disorder. Numerous Himalayan medicinal plants have traditionally been 
recognised for treating various human diseases. Phytochemicals or bioactive agents isolated from these medicinal plants 
exhibit antioxidant activity, detoxification, anti-cancer activity, neuro-pharmacological activity, and immunity-potentiating 
properties. Thus, these phytochemicals effectively prevent various chronic diseases like cancer, diabetes and heart disease. 
This review paper highlights the potential roles and mode of action of Himalayan phytochemicals in targeting epigenetic 
alterations and discusses their potential for safety and clinical efficacy. Currently, very limited literature is available on the 
role of Himalayan phytochemicals and their role in epigenetic modulation.
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Introduction

Epigenetics, in simple terms, implies differential regulation 
of gene expression with no alterations in DNA sequence that 
arise during development and are subsequently inherited. In 
mammalian cells, two main molecular mechanisms medi-
ate these epigenetic effects via DNA methylation or histone 
modifications inducing chromatin remodelling that bring out 
changes in cellular phenotypes without the change in the 
genotype (Katiyar et al. 2012). Since these epigenetic effects 
on chromatin are inheritable, research has focused on devel-
oping novel therapeutics targeting epigenetic mechanisms 
for treating diseases such as cancer, thus improving conven-
tional therapies (Tollefsbol 2014). Natural phytochemical 
compounds alone or in combination with existing treatments 
are one such alternative therapy that is the focus of research 
at the current time. Phytochemicals are plant-produced 
chemicals that have protective properties against several dis-
eases (Chun et al. 2014). These are non-essential nutrients 
produced by plants to protect themselves as their defense 
mechanism (Pan et al. 2014). It was earlier believed that the 
human body did not require them, but several recent research 
demonstrate that they can also protect humans against 
various diseases (An et al. 2016). Dietary phytochemicals 
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contain bioactive agents such as alkaloids, polyphenols, anti-
oxidants, vitamins, minerals, and micronutrients. Through 
both genetic and epigenetic alterations mediated by activities 
of DNA methyltransferases and histone deacetylases, these 
bioactive agents have shown promising potential against a 
variety of disorders, including cancer (Tollefsbol 2014), 
diabetes (Chun et al. 2014), cardiovascular diseases, liver 
diseases (Pan et al. 2014), neurodegenerative diseases and 
osteoporosis (An et al. 2016). In this review article, we dis-
cuss the mechanism of epigenetic modification, including 
DNA methylation and histone modification, and their role in 
disease pathogenesis. We then describe the therapeutic roles 
of Himalayan plants, with emphasis on the phytochemical 
agents and effects. Lastly, we discuss the epigenetic regula-
tion by the phytochemical agents in neurodegenerative dis-
eases, cancers, and diabetes.

Search strategy

Search terms related to Himalayan phytochemicals and their 
role as epigenetic modulating agents in cancer, diabetes and 
neurodegenerative disorders were compiled in the follow-
ing manner epigenetic mechanism in DNA methylation, 
histone modification, microRNAs, Himalayan plants and 
their therapeutic roles phytochemical agents and effects, 
epigenetic regulation in cancer, diabetes and neurodegen-
erative diseases treatment by using epigenetic modulators. 
The databases used for searching scientific literature include 
ScienceDirect, Google Scholar, ResearchGate, Elsevier, 

PubMed, SpringerLink, Wiley Online Library, and Taylor 
& Francis Online.

Epigenetic mechanism in DNA methylation

DNA methylation is a process of epigenetic modification 
that alters the gene expression without fluctuating the DNA 
sequence itself (Moore et al. 2013). This process involves 
the enzyme DNA methyltransferase (DNMT); during DNA 
methylation, a methyl group is added to cytosine in CpG 
islands located at gene regulatory regions via S-adenosyl 
methionine (SAM), such as promoter sequences, which can 
block DNA recognition and transcription factors, resulting 
in transcriptional repression. DNA methylation and dem-
ethylation pathways (Fig. 1A) illustrate the dynamic epi-
genetic mechanisms pivotal in regulating gene expression. 
At the top, the diagram depicts the conversion of cytosine 
to 5-methylcytosine, catalyzed by DNA methyltransferases 
(DNMTs), signifying the methylation process. However, in 
some cases, DNA methylation may activate transcription by 
preventing binding or limiting the expression of transcrip-
tional repressors (Kiselev et al. 2021). DNA methylation 
helps regulate gene expression by hindering the binding of 
transcription factors to DNA or by engaging proteins that 
block transcription. DNA methylation is involved in criti-
cal processes such as X chromosome inactivation, genomic 
imprinting, and silencing of repetitive elements. Genomic 
imprinting involves the coordinated inhibition of gene clus-
ters on a particular chromosome region by methylation 
of differentially methylated regions (DMRs), which often 

Fig. 1   Epigenetic pathways affected by plant phytochemicals. A 
DNA methylation and demethylation pathways: the figure illus-
trates the dynamic epigenetic mechanisms of DNA methylation and 
demethylation, pivotal in regulating gene expression. At the top, 
the diagram depicts the conversion of cytosine to 5-methylcytosine, 
catalyzed by DNA methyltransferases (dnmts), signifying the meth-
ylation process. B Post-transnational modifications: figure provides 

a detailed illustration of the various post-transnational modifications 
(ptms) that histones undergo, which play a critical role in regulating 
gene expression. The diagram depicts a nucleosome, the fundamental 
unit of chromatin, resembling a string of beads on a DNA strand. C 
microRNA biogenesis: in cancer cells, miRNAs are processed from 
primary to mature forms, influencing post-transcriptional regulation
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overlap with CpG islands (Moore et al. 2013). CpG sites 
within gene promoter regions are typically unmethylated, 
but increased methylation of these sites can silence tumour 
suppressors. Global DNA hypomethylation in CpG islands 
can induce genomic instability, often detected in cancerous 
cells (Kiselev et al. 2021).

Epigenetic regulation in cancer

Cancer is known to be a heterogeneous group of diseases 
involving uncontrolled cell proliferation and growth, which 
can spread to further parts of the body (Sarkar et al. 2013). 
Cancer-related global burden of deaths, 7.6 million deaths in 
2008 and 9.6 million deaths in 2018, respectively, have been 
reported (Arora and Sharma 2019). Phytochemicals may 
also help in cancer prevention and its therapy through dif-
ferent epigenetic modifications like miRNA-mediated, DNA 
methylation or histone modification gene silencing in can-
cer progression. In terms of cancer, epigenetic modification 
works by altering gene expression of cancer-related genes, 
such as tumour-suppressive genes or oncogenes essential for 
cell proliferation and differentiation during carcinogenesis 
(Arora and Sharma 2019). Different mechanisms by which 
phytochemicals epigenetically alter these cancer-related 
gene expressions are mentioned (Table 1).

DNA methylation in cancer

Phytochemicals significantly impact the DNA methyla-
tion process by altering the DNMT enzyme level, directly 
or indirectly affecting cancer progression (Xie et al. 2014). 
For example, Genistein is a compound that is commonly 
found in soy. It reduces methylation activity when it forms 
a complex with the DNMT enzyme. This process leads to 
the activation of tumour suppressor genes, which can help 
prevent and treat cancer. Another compound that is help-
ful in cancer prevention and treatment is Resveratrol, which 
is found in grapes. Resveratrol acts as a DNMT inhibitor, 
which can help reduce cancer risk (Kala et al. 2015).

Histone post‑translational modifications

Among epigenetic modifications, histone modifications 
have received particular attention due to their critical role 
in regulating gene expression. Himalayan plants are a rich 
source of phytochemicals that have been shown to modulate 
histone modifications and exert therapeutic effects against 
various diseases. Histone modifications play a crucial role in 
regulating gene expression by controlling the accessibility of 
chromatin to transcriptional machinery (Li 2012). Figure 1B 
gives a detailed illustration of the various post-translational 
modifications (PTMs) that histones undergo, which play 
a critical role in the regulation of gene expression. The Ta
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diagram depicts a nucleosome, the fundamental unit of 
chromatin, resembling a string of beads on a DNA strand. 
This is achieved through acetylation, methylation, phos-
phorylation, ubiquitination, and SUMOylation. Acetylation 
and methylation of histone proteins are post-translational 
modifications that have been extensively studied. The dys-
regulation of these modifications is associated with vari-
ous diseases, including cancer. Himalayan plants are a rich 
source of phytochemicals that have been shown to modulate 
histone modifications. For instance, curcumin, a polyphe-
nol found in turmeric, has been shown to promote histone 
acetylation and inhibit histone deacetylases (HDACs), lead-
ing to increased expression of tumour suppressor genes and 
inhibition of cancer cell growth. Resveratrol, a polyphenol 
found in grapes and red wine, inhibits HDAC activity (Cut-
ter and Hayes 2015). This, in turn, induces histone acetyla-
tion, leading to increased tumour suppressor gene expression 
and cancer cell growth inhibition. Histones are proteins that 
package and organize DNA in the nucleus of eukaryotic 
cells. The nucleosome is a basic unit of chromatin, consist-
ing of an octamer of histone proteins around which DNA is 
wrapped. How DNA is packaged and organized by histones 
plays a crucial role in regulating gene expression (Biterge 
2016). Histone acetylation is a process facilitated by histone 
acetyltransferases (HATs) and leads to neutralising the posi-
tive charge on the lysine residue of histones. This process 
results in a more open chromatin structure and increased 
transcriptional activity. On the other hand, histone deacety-
lases (HDACs) remove acetyl groups, resulting in a more 
condensed chromatin structure and decreased transcriptional 
activity. Histone methyltransferases (HMTs) catalyze the 
methylation of histones, influencing gene expression based 
on the site and degree of methylation (Shanmugam et al. 
2018). Phosphorylation of histones is catalyzed by pro-
tein kinases and is involved in various cellular processes, 
including DNA damage response, mitosis, and meiosis. Dur-
ing mitosis, chromosome condensation is associated with 
H3S10ph, the phosphorylation of serine ten on histone H3. 
E3 ubiquitin ligases catalyse the ubiquitination of histones 
and can either activate or repress gene expression (Prakash 
and Fournier 2017). The simulation of histones is catalyzed 
by small ubiquitin-like modifier (SUMO) (Smith and Denu 
2009) ligases and is involved in regulating chromatin struc-
ture and transcriptional activity (Lawrence et al. 2016).

Histone post‑translational modifications in cancer

Histone modifications are frequently associated with the 
development of tumours and cancer and typically occur 
at the extended N-terminal domains of the histone core 
complex H3 and H4 (Füllgrabe et al. 2011). Lysine, ser-
ine, and threonine are the amino acid residues, present at 
the N-terminus domain, more prone to these modifications. 

There are various enzymes involved during the process of 
histone modification. Some enzymes play a role in modify-
ing histones, which are proteins that package DNA in the 
nucleus of cells. These enzymes include HDACs, HATs, 
HMTs, and HDMs (Audia and Campbell 2016). Several 
phytochemical compounds are reported that induce change 
in the level of these enzymes that may either induce expres-
sion of tumour suppressive genes or silence expression of 
oncogenes, ultimately helping in epigenetic cancer treat-
ment. One such example is sulforaphane, commonly found 
in broccoli, cauliflower and kale, which forms a complex 
with the HDAC enzyme active site to change its activity 
significantly (Okonkwo et al. 2018).

MicroRNAs

MicroRNAs, small RNA molecules of about 20–22 nucleo-
tides, regulate critical biological processes and can also be 
affected by various diseases, including Cancer (Lu et al. 
2005). Generating miRNAs involves proteins from the Argo-
naut family, RNA precursor structures, and ribonucleases 
such as Drosha and Dicer. MiRNAs can control multiple 
genes within related pathways by either imperfectly pair-
ing with mRNA or influencing mRNA stability, and their 
dysregulation can play a role in the initiation and progres-
sion of Cancer (Lu et al. 2005). Epigenetic mechanisms, 
including DNA methylation and miRNA regulation, have 
been shown to interact and play essential roles in various 
biological processes and diseases. DNA methylation can 
regulate miRNA Biogenesis and expression, and alterations 
in DNA methylation patterns can lead to dysregulation 
of miRNA expression (Yao et al. 2019). However, recent 
research has shown that natural dietary compounds, such as 
phytochemicals, can reverse epigenetic changes before they 
cause disease, including Cancer (Fig. 1C). Phytochemicals 
can modify DNA methylation, histone modifications, and 
miRNA expression, making them potential candidates for 
chemoprevention. This article focuses on various dietary 
polyphenols that possess epigenomic-altering ability. Epi-
genetic mechanisms, including miRNAs, have been impli-
cated in the modulation of gene expression and the interac-
tion with internal and external factors (Mossman and Scott 
2006).

MicroRNA mediated gene silencing

MicroRNAs (miRNAs) significantly contribute to epigenetic 
modifications and alter gene expression (Lu et al. 2005). 
miRNAs play a crucial role in controlling various biologi-
cal processes such as cell death, cell proliferation, and cell 
differentiation. There are reports of a direct link between 
miRNA alteration and cancer. A single miRNA can regulate 
multiple genes involved in different cancer types' initiation 
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and progression pathways, as evidenced by deregulated 
expression during carcinogenesis, mainly due to genetic and 
epigenetic changes (Brait and Sidransky 2011). Several stud-
ies have reported the ability of natural dietary phytochemi-
cals to reverse the epigenetic changes of different miRNAs, 
thereby changing their function. Other epigenetic alterations 
like DNA methylation and histone acetylation can also cause 
altered microRNA expressions in different types of cancer 
(Weber et al. 2007).

Epigenetics role in disease

Epigenetic alterations, such as DNA methylation and his-
tone modifications, play an essential role in the develop-
ment and progression of various diseases, especially can-
cer. Abnormal changes in epigenetic modifications have 
been found in different kinds of cancer. DNA methylation, 
whether hypo or hyper-methylation, is crucial in regulat-
ing cell proliferation, DNA repair, and apoptosis. It acti-
vates oncogenes and suppresses tumour suppressor genes, 
leading to carcinogenesis (Berdasco and Esteller 2010). 
For example, LY6K, SLC34A2, and RBBP6 oncogenes 
are commonly reported to be hypomethylated in glioblas-
toma, papillary thyroid carcinoma, and colorectal cancer, 
respectively (Amalraj and Gopi 2017). Hypomethylation 
of the LINE-1 gene is a common characteristic found in 
lung cancer, early breast cancer, and metastatic colorectal 
adenocarcinoma (Park et al. 2014). Similarly, hypomethyla-
tion of TTF-3, MUC4, and CT45 genes is often observed 
in pancreatic, prostate, and ovarian cancers (Nørgaard et al. 
2017; Zhang et al. 2015). On the other hand, many tumour 
suppressor genes, such as RASSF10 in kidney cancer, SIX3 
in glioblastoma, CDKN2A, and PTEN in melanoma, are 
hypermethylated. RASSF1A gene hypermethylation has 
been linked to an increased risk of ovarian cancer and a 
higher mortality rate in breast cancer patients and has also 
been identified as a diagnostic marker for lung cancer (El-
Sherif et al. 2016; Rezk et al. 2018). Recent research has 
demonstrated that hypermethylation of the PDE3A gene is 
associated with treatment response in cisplatin-resistant non-
small cell lung cancer (NSCLC) (Tian et al. 2017). Further-
more, hypermethylation of genes, such as NDN, stimulates 
the WNT signalling pathway, aiding colorectal cancer cell 
growth (Hu et al. 2017). Apart from aberrant DNA methyla-
tion, changes in histone modification patterns also occur in 
cancer cells. The activation or repression of transcription is 
linked to histone changes at specific amino acid sites. In the 
case of prostate cancer, the epigenetic marks H3K9me2 and 
H3Ac can be utilized to distinguish tumours from normal tis-
sues. The H3K4me1 alteration has been recognized as a bio-
marker of tumour progression and can also be used to predict 
recurrence after treatment, which is radical prostatectomy. 

Medicinal plants phytochemicals are listed (Supplementary 
Table 2). Lower levels of H3K4me3 and higher levels of 
H3K9me3 and H4K20me3 correlate with good prognosis 
in early-stage colon cancer (Benard et al. 2014).

Himalayan plants and therapeutic roles

Around the globe, medicinal plants have played a significant 
role in treating and preventing various diseases. In some 
places, people still depend on medicinal plants. People also 
have general knowledge of these plants that are utilized 
in treating different ailments (Tag et al. 2012). A variety 
of Himalayan plants have been listed in (Supplementary 
Table 3) with their therapeutic roles.

Phytochemical agents and effects

Phytochemicals are plant chemicals that may provide health 
advantages beyond basic nutrition that may lessen the risk of 
major chronic illness (e.g., cancer and heart disease). Promi-
nent phytochemicals present in various Himalayan plants are 
curcumin which is the principal natural polyphenol in turmeric 
rhizomes, and other Curcuma spp. is curcumin, commonly 
known as diferuloylmethane. Curcumin has long been recog-
nized as a medicinal plant in Asia for its potent anti-inflamma-
tory, anti-mutagenic, anti-bacterial, and cancer-fighting proper-
ties. Regarding curcumin’s capacity to fight free radicals, there 
are several unique processes in action (Sharifi-Rad et al. 2020). 
In addition to GSH, catalase, and SOD enzymes, which all 
neutralize free radicals, reactive oxygen and nitrogen species 
(ROS and RNS) can be scavenged. Lipoxygenase/cyclooxyge-
nase and xanthine hydrogenase/oxidase can also be inhibited. 
Additionally, it can influence the activities of GSH, catalase, 
and SOD. Curcumin also inhibits NF-κB, which many inflam-
matory stimuli trigger. Resveratrol is the stilbenoid group of 
polyphenols that includes resveratrol (3,5,4′-trihydroxy-trans-
stilbene) with two phenol rings connected by an ethylene 
bridge (Kala et al. 2015). When plants like grapevines, berries, 
and peanuts are injured, they release compounds like this. Red 
grapes, mulberries, peanuts, and pines also contain resveratrol 
in their skins. Resveratrol’s biological purpose is to defend 
plants from fungal diseases, particularly Botrytis cinerea infec-
tion. Resveratrol has been shown to have anti-cancer prop-
erties and is being studied as a possible cancer-preventative 
and therapy option. Some additional bioactive properties, 
such as analgesic, cardiovascular and vasorelaxant properties, 
have also been documented. A study in breast cancer cell line 
(HCC1806) found that on combined treatment with Resvera-
trol and Pterostilbene, Sirtuin 1 (SIRT1) was down-regulated 
through inhibiting telomerase activity and γ-H2AX expression. 
Through its ability to inhibit DNMT and HDAC, resveratrol 
demonstrates antioxidant, anti-inflammatory, anti-angiogenic, 
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and anti-cancer effects through epigenetic control (Li et al. 
2019). Apigenin, also known as 4′,5,7-trihydroxyflavone, is 
a polyphenol member of the flavonoid family of compounds. 
Celery, chamomile, and parsley are all examples of foods that 
contain it. Apigenin hindered cell cycle progression and trig-
gered cell death in human prostate cancer cells (PC-3 and 
22Rv1). According to the findings, apigenin treatment in 
PC-3 and 22Rv1 cells inhibited the expression of HDAC1 and 
HDAC3 because of global hyper-acetylation of histone H3 and 
H4 (Busch et al. 2015). EGCG is a green tea that contains a 
polyphenolic catechin called epigallocatechin-gallate. Breast 
and prostate cancer risk can be greatly reduced by regular 
ingestion of it (Negri et al. 2018). Cancer cell cycle disruption 
is linked to epigenetic changes induced by DNA methylation or 
methyltransferase, histone acetylation or deacetylase, and non-
coding RNAs. Much research has linked EGCG to the control 
of DNMTs, HDACs and HATs in various tumours, and this has 
been supported by numerous investigations (Singh et al. 2011). 
Genistein is one of the bioactive isoflavones generated from 
soy. Genistein impacts cancer via epigenetic regulation. Gen-
istein stimulates tumour suppressor genes and impacts cancer 
cell viability through changing chromatin architecture and 
DNA methylation. DNMTs, HDACs, mainly HDAC6, HMTs, 
demethylases, tyrosine kinases and histone phosphorylases, 
were all affected by genistein (Kedhari Sundaram et al. 2019). 
Furthermore, genistein lowered global DNA methylation lev-
els by inhibiting the activity of DNMTs, HDACs, and HMTs 
(Drețcanu et al. 2021). Sulforaphane (SFN) is an epigenetic 
modulator of gene transcription, it may directly or indirectly 
regulate epigenetic modulations. As a competitive inhibitor, 
SFN and its metabolites (SFN-cysteine and SFN-N-acetyl-
cysteine) interact with amino acid residues in the active site of 
HDAC enzymes. SFN likely regulates gene promoter activity 
via a direct decrease in its histone deacetylase activity, which 
is then followed by an indirect change in the methylation of the 
gene promoter. SFN, a natural substance found in cruciferous 
vegetables, has been shown to reduce cancer risk, decrease 
the progression of cancer, and enhance the efficiency of sev-
eral traditional chemotherapeutics through epigenetic modi-
fication of gene transcription activity (Kaufman-Szymczyk 
et al. 2015). SFN has been shown to decrease the expression 
and activity of hTERT, the catalytic subunit of the telomerase 
enzyme, in two prostate cancer cell lines. Gene expression is 
lowered due to these changes in chromatin structure and com-
position. SFN-induced changes in the levels of histone post-
translational modifications, comprising acetylation of lysine 
18 and di-methylation of lysine 4 of histone H3, were linked to 
regulators in the hTERT promoter region (Abbas et al. 2016). 
Quercetin is a flavanol-rich in onion, berries, okra and apple 
peels. It modulates chromatin modifiers such as DNMTs, 
HDACs, HAT, and HMTs (Busch et al. 2015; Kedhari Sunda-
ram et al. 2019). The oncogenic hamster buccal pouch (HBP) 
cancer model generated by 7, 12 dimethyl Benz[a]anthracene 

(DMBA) was used to investigate the antioxidant’s chemopre-
ventive and therapeutic properties. In the HBP model, querce-
tin inhibited the transcription factors HDAC1 and DNMT1, 
resulting in cell cycle arrest and death and a decrease in 
angiogenesis and invasion. In a study in which quercetin was 
administered at the same time as DMBA, the number and 
size of the tumours decreased. Following DMBA exposure, 
therapy with quercetin significantly reduced the formation 
of tumors (Busch et al. 2015). Quercetin generally inhibits 
HDAC2, HDAC4, HDAC7, and HDAC8, restoring tumour 
suppressor genes (TSG). Quercetin restores TSG function by 
reducing the methylation of their promoters, which competes 
with DNMT families and decreases gene expression (Drețcanu 
et al. 2021). Melatonin is the mammalian pineal gland's prin-
cipal indoleamine hormone and is recognised to have vari-
ous neuroprotective and neuroregulatory effects. Although 
melatonin is not a major plant product, apples, barley, beans, 
cucumber, grapes, lupine, maize, potato, rice, and tomatoes 
grown in northwestern India have been found to contain mela-
tonin. The mammalian central nervous system expresses two 
melatonergic-signalling GPCRs, MT1 and MT2. Melatonin 
levels and receptor expression frequently decline with age, a 
decline that may be exacerbated in certain illness situations 
(Bahna and Niles 2018). In several peripherals and CNS oxi-
dative stress types, melatonin stimulates Nrf2 expression and 
is the downstream target of Nrf2ARE signalling (Hardeland 
2014). Melatonin and its metabolites can scavenge free radi-
cals to influence intracellular antioxidant pathways. A single 
melatonin molecule acts as a powerful forager and neutraliser 
to counteract the harmful effects of numerous reactive oxygen, 
nitrogen, and hydroxyl radicals. Below listed (Table 2) are phy-
tochemical agents, their chemical structures and mechanisms. 
Recent investigations reveal that the transcriptional activation 
of the MT1 receptor gene by valproic acid (VPA) is mediated 
by an epigenetic mechanism, especially histone acetylation 
of the MT1 promoter caused by HDAC suppression (Bahna 
and Niles 2018). Experiments using VPA indicated that vari-
ations in mRNA levels of MeCP2, HDAC1, 2, and 3 were 
related to changes in MTNR1A expression in C6 glioma cells. 
It also shows a link between DNA methylation and chromatin 
remodelling via histone deacetylation and MT1 expression 
(Hardeland 2014).

Phytochemical agents as epigenetic 
modulators in disease

The recent area of research involves using dietary phyto-
chemicals to treat diseases like diabetes, neurodegenerative 
diseases, cardiovascular diseases, and cancer (Kumar et al. 
2023). The reason for increasing interest in these agents may 
be their natural origin, availability in abundance, minimal 
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side effects, and ease of including them in routine diets 
(Salm et al. 2023).

Phytochemical agents as epigenetic modulators 
in cancer

Himalayan medicinal plants have traditionally been used for 
ages as they are rich in various polyphenols. These agents 
are also known to have some epigenetic role in preventing 
cancer. Some phytochemical compounds like green tea 
contain EGCG, turmeric has curcumin, garlic has orga-
nosulfur, and broccoli has sulforaphane, which are known 
to have chemo-preventive roles (Painuli et al. 2021). The 
ability of dietary phytochemicals to alter the expression of 
genes by epigenetic mechanisms via DNA methylation, his-
tone modifications and miRNA expression suggests their 
role in chemo-preventive potential (Shankar et al. 2013). 
The role and mode of action of some known phytochemical 
agents in epigenetic mechanisms are shown in the figure 
(Supplementary Fig. 2). Several phytochemical agents have 
been reported to have a role in cancer prevention via epige-
netic modification, and some of them are under clinical trial 
information elaborates on some extensively studied phyto-
chemical agents and how they alter the expression of cancer-
related genes in an epigenetic fashion (Thakur et al. 2014).

Phytochemical agents as epigenetic regulation 
in diabetes

Diabetes mellitus (DM) is a long-term metabolic disorder 
that results in high blood glucose levels due to either insulin 
production defects, insulin resistance, or both. It is consid-
ered one of the most complex health challenges worldwide, 
with studies showing that it has reached epidemic propor-
tions in many countries (Atlas 2015). It is predicted that 
by 2045, 700.2 million grown-ups will be suffering from 
DM across the globe (Dandekar et al. 2021). Resistance of 
insulin and reduction in insulin secretion are the primary 
mechanisms to cause DM. In most cases, impairment in 
action and insulin secretion might occur simultaneously 
(Gandhi et al. 2017). However, the underlying molecular 
mechanism for high glucose is yet to be studied entirely 
(Ullah and Khan 2020). In DM pathogenesis, various factors 
overlap, like genetics, epigenetics, and environmental factors 
(Prasad and Groop 2015; Raman 2016). A patient’s life qual-
ity can be affected if DM is left untreated, as it can develop 
into serious complications. Acute complications develop 
suddenly and involve HSS (hyperosmolar hyperglycaemic 
state) and diabetic ketoacidosis (DKA). In contrast, chronic 
complications progress over time and involve cerebrovas-
cular events, peripheral arterial disease (PAD), peripheral 
neuropathy, neuropathy, atherosclerotic cardiovascular dis-
ease, autonomic neuropathy, and retinopathy (Jung 2015; 

Papatheodorou et al. 2018; Umpierrez and Korytkowski 
2016). In recent decades, the development and acceptance 
of novel agents have proved an incredible improvement in 
the treatment of DM and related problems (Fig. 2). The 
excessive pricing of existing therapeutic opportunities is 
the primary issue physicians face, as it surges the economic 
burden on patients and can affect obedience to the treat-
ment (Enwere et al. 2010). The occurrence of DM among 
young people is also increasing continuously but for this 
group, the available therapeutic opportunities are minimal. 
Presently, only two drugs (metformin and insulin) for the 
treatment of diabetes have been permitted by the US FDA 
for utilization in youths and children (Zimmet and Shaw 
2017). In such cases, plant extracts and isolated compounds 
may be used as a source of alternative treatment, as these 
are backed by the conventional utilization of plants for DM 
therapy (Ezuruike and Prieto 2014). Experimental studies 
proved the benefits of plant extracts against DM and other 
metabolic abnormalities (Belwal et al. 2020). The historical 
literature and conventional knowledge of medicine play a 
crucial role in discovering new leads from medicinal plants 
(Ayyanar and Subash-Babu 2012; Buenz et al. 2005). Lately, 
because of the effectiveness of medicinal plants in clinical 
trials for treating DM, research for new medicines has been 
focused on them (Suba et al. 2004). Evidence of some plant 
extract's effectiveness in DM from clinical trials is tabulated 
here (Supplementary Table 3).

The term epigenetics was first proposed by Conrad Wad-
dington in the 1940s to describe the interaction of genes with 
their environment during development (Lacagnina 2020). Epi-
genetics is “the causal interactions between genes and their 
products, which bring the phenotype into being”. Epigenetic 
mechanisms are crucial for genomic stability and regulating 
gene transcription without causing variations to the underly-
ing sequence of DNA (Barker 2007). The well-established 
viewpoint that noncommunicable disease (cardiovascular dis-
ease, diabetes mellitus) are the product of the gene-lifestyle 
interaction in adult life has undergone considerable evolution 
since the 1990s (Moskalev et al. 2014). A study conducted in 
Hertfordshire, United Kingdom, focusing on men born in the 
1920s who weighed less than 2.5 kg, revealed a significant 
link between low birth weight and the likelihood of develop-
ing coronary heart disease, type 2 diabetes, and metabolic 
syndrome. (Barker 2004). It is proposed that the atmosphere 
persuades alterations in the initial stages of development and 
growth with lasting consequences on disease and health later 
on (Meseure et al. 2015). It is supposed that these modifi-
cations can be instigated by a change in a specific person's 
genetic expression (Shams and Müller 2014). Nowadays, 
researchers have recognized numerous biomarkers associated 
with genetic expression alteration linked with several chronic 
pathologies like diabetes, cancer, cardiovascular disorders, 
and autoimmune and inflammatory disorders (Ullah and Khan 
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2020). These biomarkers can aid as therapeutic targets (Cheng 
et al. 2018). Mechanisms such as histone modification, miR-
NAs, and DNA methylation function under the epigenetic 
umbrella, offering signs for the individual to respond to the 
signs of the environment.

Medicinal plants are the main source of organic com-
pounds such as polyphenols, tannins, alkaloids, carbohy-
drates, terpenoids, steroids and flavonoids. These organic 
compounds represent a source for the discovery and devel-
opment of new types of antidiabetic molecules. Different 
phytochemicals target specific metabolic and physiological 
processes in diabetes mellitus. Many compounds isolated 
from plant sources have been reported to show antidiabetic 
activity (Firdous 2014). Chicoric acid isolated from Ocimum 
gratissimum L. reduced significantly the glycemic levels of 
diabetic mice (Casanova et al. 2014). Asiatic acid, showed 
antidiabetic activity with improvement in the lipid profile 
in rats (Ramachandran et al. 2014). The study was carried 
out in multi-low-dose streptozotocin-induced (MLDS) dia-
betic mice in which hypoglycaemic effect of Chamaemelum 
nobile (CN) aqueous extract (20 mg/kg) was shown after 
single and repeated oral administration (Abderrahmane 
et al. 2009). Berberine and Pectin compounds are associ-
ated with reduced fasting blood glucose, HbA1c, postpran-
dial glucose levels, and increased insulin release, address-
ing key aspects of glycemic control. Glycans are involved 
in the basic synthesis promotion, and they play a role in the 

overall metabolism of glucose (Xie et al. 2022). Quercetin 
and Resveratrol are known for enhancing insulin sensitivity; 
these phytochemicals help mitigate insulin resistance, a com-
mon issue in type 2 diabetes (Shahwan et al. 2022). Inulin 
compound is linked to increased secretion from pancreatic β 
cells, crucial for insulin production and secretion (Fu et al. 
2013). Silymarin extracted from thistle milk exhibits anti-
oxidant properties, which are beneficial in preventing oxida-
tive stress-related damage in diabetes. Sircupsin B acts as 
an inhibitor of α-amylase secreted from salivary glands or 
the pancreas, playing a role in carbohydrate digestion and 
subsequent glucose absorption (Surai 2015). GLP-1/GIP is 
secreted from intestine L-cells, and these incretins stimulate 
insulin secretion, contributing to postprandial glucose regula-
tion (Nauck et al. 2021). Curcumin and Turmerosaccharides 
compounds increase insulin sensitivity due to their secretion 
from the brush border of the small intestine, highlighting 
their role in nutrient absorption and metabolism (Ghorbani 
et al. 2014). Illustration depicts the structures of phytochemi-
cal agents involved in preventing diabetes through epigenetic 
modification (Supplementary Fig. 4).

Cardiovascular disease treatment by using 
epigenetic modulators

Cardiovascular diseases remain a leading cause of health 
problems globally. In particular, China and India bear the 

Fig. 2   Therapeutic actions of phytochemicals in diabetes mellitus: this figure provides a practical and relevant overview of how different phyto-
chemicals can be used to target specific metabolic and physiological processes in diabetes mellitus
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highest burden of cardiovascular disease, which includes 
conditions such as coronary heart disease, hypertension, 
heart failure, and vascular calcification (Roth et al. 2020). 
In recent years, epigenetics has played a significant role in 
the historical development of cardiovascular diseases. The 
correlation of epigenetics with cardiovascular diseases has 
primarily been identified in the function and expression of 
epigenetic-related enzymes found in cardiovascular diseases 
(Farsetti et al. 2023). DNA methylation plays a critical role 
in cardiovascular diseases. Recent research has discovered 
that the expression of candidate genes associated with coro-
nary heart disease, heart failure, hypertension, and other car-
diovascular diseases is linked to DNA methylation (Shi et al. 
2022). The abnormal methylation status of candidate genes 
is involved in the mechanism and development of cardio-
vascular disease and can be used as a marker to assess car-
diovascular disease progression. A list of phytocompounds 
from medicinal plants reported for cardiovascular properties 
is provided in an additional file (Supplementary Table 5).

Neurodegenerative disease treatment by using 
epigenetic modulators

To control gene expression, epigenetic modifications 
regulate chromatin architecture and activate or suppress 
transcription machinery through DNA methylation, post-
transcriptional, and RNA-based modifications. Epigenetic 
modulators control these mechanisms, like histone methyl 
transferases, histone demethylases, and other enzymes, along 
with various phytochemicals (Oppermann 2013). The brain 
requires a lot of energy and nutrients, and specific diets have 
been shown to improve brain function. Traditional medicines 
that contain nutrients such as resveratrol, theobromine, gal-
lic acid, and catechin have been found to enhance cognitive 
function (Oppermann 2013). Phytochemicals such as cyani-
din-3-glucopyranoside, resveratrol, curcumin, and flavonoids 
can penetrate the BBB and reverse the age-related cognitive 
decline by inducing neurotrophies through the Trk signalling 
pathway in the hippocampus. Plant phytochemicals also act 
as antioxidants, leading to neuronal regeneration, neuropro-
tection, and improved memory enhancement. Accumulating 
evidence indicates that dietary phytochemicals may prevent 
or reverse neurodegenerative diseases can be targeted by 
influencing neurotrophins, which play a crucial role in the 
survival, maintenance, and regeneration of specific neuronal 
populations in the brain. This can be achieved using plant-
derived phytochemicals, and it is important to study their 
botanical sources, pharmacological effects, and medicinal 
applications. (Supplementary Table 5). Structures of phy-
tochemical agents involved in neurodegenerative disease 
prevention via epigenetic modification have been illustrated 
(Supplementary Fig. 5).

Conclusion and future prospectus

The field of epigenetics and phytochemical therapeutics is 
rapidly expanding, with increasing interest in developing 
novel treatments for various diseases. Future research will 
focus on understanding epigenetic modification mecha-
nisms and identifying new phytochemical agents that can 
target these mechanisms. The two main molecular mecha-
nisms that mediate epigenetic effects are DNA methylation 
and histone modification, which induce chromatin remod-
elling and bring about changes in cellular phenotypes 
without altering the genotype. These epigenetic effects 
are inheritable and have been targeted for the develop-
ment of novel therapeutics for diseases such as cancer. 
Phytochemical compounds, which are non-essential nutri-
ents produced by plants as their defence mechanism, have 
shown promising potential as alternative therapies for vari-
ous disorders. Through genetic and epigenetic alterations 
mediated by DNA methyltransferases and histone deacety-
lases, phytochemical agents have been found to have thera-
peutic roles in cancer, diabetes, cardiovascular diseases, 
neurodegenerative diseases, and osteoporosis. Further 
research on epigenetic regulation by phytochemical agents 
could lead to the development of effective treatments for 
these diseases. In addition, future research will focus on 
developing new delivery methods for these phytochemical 
agents, such as nanoparticle-based drug delivery systems, 
to improve their efficacy and reduce side effects. There 
will also be a focus on developing combination therapies 
that combine phytochemical agents with existing treat-
ments to enhance their efficacy and reduce toxicity.
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