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Introduction

The quest for a happy and healthy life has drivemdmity to explore various ways to understand eiaiy
creation and maintenance of life. This pursuit desply perceived and conceived by the sages otainicidia,
leading to the development Afurveda. Ayu, or life, is defined imyurveda as a manifestation of the union of
Shareera (body),Indriya (sense organsatwa (mind), andAtma (soul), which are integral and interdependent
components of lifeThe main aim oAyurveda is encapsulated in the principl@vasthasya Swvasthya Rakshanam
Aaturasya Vikara Prashamanam,” which means maintaining the health of the headthg curing the diseases of
the diseased. The complete scienc@yafrveda is summarized in th@risutra: Hetu (causes)k.inga (signs and
symptoms), andAushadha (treatment) for bothSwastha (healthy) andAatura (diseased), along with
Trayoupasthambhas (three supports).

Chikitsa, or treatment, irAyurveda includesSamshodhana (purification), Samshamana (pacification), and
Pathya (wholesome diet and lifestyle), which encompaakara (diet), Vihara (lifestyle), Aachara (conduct),
and Vichara (thoughts). Ayurveda provides elaborate explamation how to live and what to do or avoid—
physically, mentally, emotionally, socially, andrgpally. These factors themselves determine aq®s health
and disease condition. Traditionally, the undedita; of these factors is througbuna, Dosha, Dhatvadi
components, and ultimately tRFanchamahabhuta Sddanta.

Overview of Epigenetics

Epigenetics refers to the regulation of gene exgwesthrough modifications to DNA or DNA-associated
proteins. Epigenetic regulation includes histondiincations, DNA methylation and non-protein codiR§lA.
DNA methylation has been particularly focused omiremment-mediated changes in health, associatéd wi
factors such as environmental chemical exposuo®, rgender, and income level. However, epigenediteg
regulation extends beyond methylation alone.

Conrad Waddington introduced the term epigenetidbe early 1940s, defining it as "the branch olday
which studies the causal interactions between gamesheir products which bring the phenotype bgmg."” In
its original sense, epigenetics referred to allenolar pathways modulating the expression of theragdters
represented by a sequence of genes or the genatgpe particular phenotype. Today, epigenetiageiserally
accepted as "the study of changes in gene funth@nare mitotically and/or meiotically heritabledathat do
not entail a change in DNA sequence.” Currentditene describes epigenetic modifications as inalgidiistone
variants, post-translational modifications of histoamino acids, and covalent modifications of DN#sds.
These modifications are important in determiningethler non coding sequences are expressed or not.

Under standing Epigenetics through the concepts of Ayurveda

Living organisms are characterised by the preseh@NA which is present in the nucleus of the c&he
DNA molecule is made up of the bases — adeninenitig, guanine, cytosine — which are arranged ifeiwdint
orders to produce differences among species. Segseof DNA arranged on specific locations on the
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chromsomes make up genes. Out of the approxim2@000 genes, only less than 2% constitute thetgpa
of the individual and express themselveEhese are called the coding genes. The set bfestgenes that
determines specific characteristics of an individaastitutes the genotype. These undergo chandgsnotine
face of toxic damage. The physical properties &n $e the individual in terms of appearance, atgétiand
behaviour is referred to as the phenotype whigitagluced by the genotype. A persons’ activitiekigrices the
phenotype which in turn affects the expressiornefgenotype.

The principles of genetic makeup and physical attara can be correlated to the concepPiakruti in
Ayurveda. Prakruti refers to a stable constitution initialising fréne single cell stage and continuing to the birth,
growth and declining phases of fif&pigenetics offers a contemporary view to unadefyurvedic principles,
emphasizing the connection between one's actiothshenexpression of the genes into the physicalaciers.
Understanding the concept Bfakruti and its relation to epigenetic perspectives cdp imethe application of
Ayurveda for preventive, promotive and curative effects.

Basics of Epigenetic M echanisms

Epigenetic mechanisms involve the methods to deterthe variations in expression of genes withttetiag
the primary DNA sequence. Number of proteins avelved in the intialisation, activation, and stagp of the
specific triggers that determine the access andslaion of DNA sequences to produce growth and
differentiation in the embryo and fetus. The diffiertypes of epigenetic mechanisms including DNAhylation
at CpG dinucleotides, histone modifications, ncRMAd other complementary mechanisms that contgbient
order chromatin organization within the cell nud®&vork together to produce the corresponding grpeession.
Although DNA methylation, histone modifications,cancRNAs are important, there is a lot of commarugd
among the epigenetic marks to regulate the epigendescribed below as independent mechanisms, it is
important to note that there is cross-talk betwibese epigenetic marks to regulate the epigenome.

Epigenetic Modifications: DNA Methylation, Histone M odification, and Non-coding RNA
DNAM ethylation:

One of the best-studied epigenetic mechanisms i& Bidthylation. DNA methylation leads to silencinfy o
the genes as the access of gene promoters totacthatranslation process is affected. This iSesed by
binding of methyl group to DNA and also by histanedifications. In eukaryotic species, the additiéa methyl
group to the cytosine of the CpG dinucleotide ifedaDNA methylation. A major part tof the DNA megtation
occurs in parts of the genome called CpG islandgtwhre concenterated regions of CpG nucleotides. T
patterns of DNA methylation are established f nwiired by specifis proteins like DNA methyl transfegs’
HistoneM odifications:

Chromatin is the complex of chromosomal DNA andt@res, and DNA is packaged in chromatin around
histone protein units called nucleosomes. Histameshighly alkaline and positively charged due noire
groups, which help them interact with and bindhe hegatively charged phosphate backbone of DNAnDu
acetylation, amines on the histone change into esnideutralizing the positive charges on the hestand
reducing their binding capability with DNA. Thissdts in chromatin expansion, allowing genetic s@iption.
Histone deacetylation is catalyzed when histoneelgiases remove acetyl groups, increasing theipelyi
charged amine groups on histones and reducingctiptien*

Non-codingRNAS:

Long non-coding RNAs can silence genes, while R8s (miRNAs) are small non-coding RNA molecules
containing 20-24 nucleotides. Around 900 miRNAsehheen identified, and it is estimated that theytrcd
approximately 30% of human protein-encoding gendfRNAs function in RNA silencing and post-
transcriptional regulation of gene expression byrdding messenger RNAs and inhibiting protein tiatien.
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Epigenetic influencein diseases

As seen above, addition of methyl groups to the DA common and widely used mechanism for epigene
modifications in cells, closely linked to variousrhan diseases, including cancers, autoimmune aisgrend
neurological conditions like Fragile X syndrome, rfdagton’'s, Alzheimer's, Parkinson's, and schizepiar.
Methylation's role extends to complex diseasesi@mited by secondary factors such as sex differemzbage,
potentially altering disease severity.

Epigenetic modifications significantly impact cancgevelopment. For example, hypermethylation of
promoter regions in tumor suppressor genes cartida@many tumor-suppressing functions, contrigitio
cancer progression. Recent studies have also owdirthe dysregulation of miRNAs in breast cancer,
highlighting their potential as diagnostic biomatke

In autoimmune diseases, concordance studies inrbottozygotic and dizygotic twins suggest a sigaific
role for epigenetic factors. Many functions of immeicells,such as hematopoietic lineage determimgdiatigen-
receptor rearrangement, allelic exclusion, and d¢iida immune responses against pathogens, areotiedtr
epigenetically. Alterations in these epigenetic hagisms regulating immunological development camyate
autoimmune diseases, underlining the importanapmfenetics in understanding and potentially tngathese
conditions.

FactorsInfluencing Epigenetic Changes: Environment, Diet, Lifestyle

Epigenetics encompasses the processes that influgeme expression throughout an individual's ldesp
including prenatal and postnatal stages, childheodial experiences, diet, nutrition, toxin expesuifestyle,
behaviour, environmental factors and stress whialectively influence gene expression, resultingthe
dynamic and ever-changing expression of physicatazheristics in an individual The specific parts of DNA
that are expressed can vary based on past exp@wexperiences, which are embedded in the ghrmsgh
epigenetic modificatiors

Researches indicate that the structural and fumaitichanges in cells can be due to environmenttbfathat
can modify gene expression via epigenetic mechaniswiuding silencing of tumour suppressor genes by
toxicants like diesel exhaust particles, cigarsti®ke and inorganic arsenate which leads to car@n&hronic
sun exposure also causes epigenetic changes, shgfpp@nethylation in the skin as age increases.
Epigenetic changes have a transgenerational impattire generations can be affected by dietaryegsu
exposure to pollutants and stress with epigendteragions being transmitted to the developing embr
Nutritional abnormalities, environmental toxicantmd stress can promote epigenetic alterations dhat
transmitted to subsequent generations, potentiadiylting in diseade

The components of diet which are all bioactive exegir influence on gene expression. They canlatgu
different epigenetic mechanisms like DNA methylafibistone modifications and chromatin remodellifigey
can also produce changes in miRNA expression

Stress exposure can alter epigenetic marks aneeimte gene expression. The changes produced by stre
gene expression are seen in depressMegative and positive emotions have varying effert DNA. Anger,
stress, frustration and fear create the simildrttigss in the DNA that it causes in the somati¢esys also.
Similarly positive emotions cause relaxation of BIeA and expression of the genetic cttle
Epigeneticsin development, age and reversibility

Epigenetic changes begin before birth, influenayame expression throughout life. While all bodylscel
contain the same genes, have unique structurefuantions. For example, muscle cells and nerves Hhare
the same DNA but function uniquely due to thesgepetic modifications.
Epigenetics also play a role in aging. The leveDdIA methylation decreases with age. Newborns hhee
highest levels of DNA methylation, while 103-yedd® have the lowest. Not all epigenetic changes are
permanent; some can be added or removed in respomrdanges in behaviour or environment. For irstan
smoking can result in epigenetic changes, suclyperethylation in smokers. However, after quittamgoking,
methylation levels can gradually return to thoseilsir to non-smokers.
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Case Studies and Resear ch Evidence
Epigenetics and Diet

Researches have tried to identify the chances @igbby studying the genes involved in adipogenédie
methylation changes in obesity and inflammatioatesl genes also are imporfar@urcumin, a component of
turmeric (Curcuma longa L.), has been identifiegrimmote tumour suppression activity in Hodgkinephoma
and breast cancer cells by histone modificattdn€omponents of food like green tea, grapes, saabad
cruciferous vegetables also have epigenetic eff@dtsir bioactive principles like polyphenols, gaein and
isothiocyanates have been studied in this rédandthaferin A which is a component of Ashwagan@ithania
somnifera), has been shown to reduce DNA methyladiod histone modifications in breast cancer caiid
cause their apoptosfs
Epigeneticsand L ifestyle

Physical activity increases methylation in LINE -elements which counters inflammatory responses and
chromosomal instabilify A study on men with prostate cancer showed thatession of 500 genes was altered
by lifestyle intervention programme, meditationgdithing exercises, aerobic exercise and a veget@iga The
downregulated genes were involved in tumour foraméti Lifestyle modifications with the inclusion of adic
exercises and vegetarian diet resulted in expnesgigenes reducing cardiovascular fsiadditionally, stress
reduction programmes through meditation and lilesigycreased telomerase gene expression in hygaréen
patients’.

Exposure to smoke, pollutants, alcohol and psydicd stress can produce nuclear changes includstgne
modifications, hypomethylation, miRNA expressionghvthese changes simulating those seen in camtlst ¢
The role of stress on gene expression is indicayethe hypermethylation changes in glucocortic@deptor
gene in suicidal tendency in people with a histfrghild abuse. Changes in circadian rhythm al$éecés gene
expression as seen in night shift work which cansethylation changes in inflammatory gehes
I nter section of Epigeneticsand Ayurveda

The unique concept &frakriti, which represents the physical expression ofrdisitie genetic codes, provides
insight into natural immunity oBahajabala. This determines an individual's susceptibilitydiseases. While
genetics as a field emerged in the mid to late t@titury,Ayurvedic scholars had already acknowledged the
formation of Garbha (embryo), the role and transmission of inheritedtdrs, congenital anomalies, and
hereditary disorders centuries earlier. The Ayulvedncepts oBega, Begabhaga, andBegabhagavayava
explain the transmission of genetic material acges®erations.

Garbhotpadaka Chaturbhava (including Ritu, Kshetra, Ambu, and Begja) and Shadbhava (six procreating
factors) play crucial roles in preventing birth @ets and genetic disorders. Daily routin@m@acharya), seasonal
regimens Ritucharya), codes of conductSadvritha), the management of suppressible and non-suppressibl
urges Dharaneeya and Adharaneeyavega), rituals preparing women for conceptioRitumaticharya), and
antenatal careGarbhinicharya) help maintain the balance @fosha, thus regulating gene sequencing and
expressiort®

Epigenetics explores how factors throughout life stages—swgchranatal and postnatal periods, childhood,
social experiences, diet, nutrition, toxin exposlifestyle, behavior, stress, and environment—dafice gene
expression. Phenotypic expression varies amongithdils based on which DNA parts (genes) are esprEs
shaped by past exposures, experiences, and ingesdihese epigenetic modifications are embeddedein
genes.

Phenotypes are dynamic and ever-changing. If prppaciples are not adhered to, health alteratiemd
disease manifestation occur. Ayurveda extensivdbresses these preventive measures and health fwomo
principles in the contexts dflaturaaharavihara, Sadvritta, Dinacharya, Ritucharya, Na Vegandharaneeya,
andMatrashiteeya. These principles are vital for disease preverdiot health promotion.

Ayurgenomics is a pioneering field that integrafesirveda with genomics, aiming to identify genomic
correlations witlPrakriti phenotypes describedAyurveda.l’ Ayurvedic genetics uses terms such as Beejabhaga
(chromosome)Begjabhagaavayava (genes), andBegja (sperm/ovum) to explain its concepts. Gene exprassi
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reflects cellular functions, while genetic variat$ocan lead to mutations and changes in gene inems
influencing an individual's phenotype (DNA).

Pharmacogenetics explores the genetic basis umgppppulation differences in drug responsivenaging
in the scientific understanding of variations ire thuman genome. These genetic variations are tracia
understanding adverse drug reactions and diseasktions. The core principle ddyurveda, emphasized by
Charaka around 4000 years ago, is that each p&ientque and should be treated as such. In dissagexts,
Ayurveda attributes etiological factors primarilp #hara (diet), Vihara (lifestyle), Manasika Nidana
(psychological factors), and others likgantuja Nidana (external factors) anidarma.

Epigenetics is believed to be integral to Ayurvesdait merges genotypic and phenotypic variatidgsrveda
identifies factors such as behavior, lifestylegss; diet, digestion, and environment as influenod&eha (body)
Prakriti (psychological and physiological composition), whis related to phenotype, addnma (birth)
Prakriti, which is related to genotype. Understanding tli@asers can improve interaction and comprehension
within the healthcare system, fostering greatemeotivity between both fields of science for optirhaalth
outcomes
Prakriti and Vikriti in Ayurveda

Prakriti, which is fixed at birth, remains constant throoghone's life, independent of ethnic, racial, or
geographical factors. It provides a suitable metfowccategorizing phenotypes for genotypiMikriti, on the
other hand, refers to disordersiéha Prakriti in modern medicine. At the molecular level, isigygested that
tRNA, proteins, and mRNAs exhibit properties andrelateristics reflecting the three Ayurvedic doslapha,
Pitta, and Vata .

Genetic Factors and Ayurvedic Concepts

Acharyas explainedBegja, Begjabhaga, and Begjabhagaavayava with the help of certain diseases. When
Begjabhaga in the ovum of the mother, which is responsibletf@ production oGarbhashaya, is excessively
vitiated, she gives birth to ®andya (sterile child). Similarly, when th&egabhagavayava in the ovum
responsible for the production of the uterus isessorely vitiated, she gives birth Ruthipraja (a child who
delivers a dead fetus). Vitiatégeja, i.e., Shukra and Shonita, causes fetal defectDiseases likérameha and
Kushta are said to be caused Bgegja dushti, which later manifest in adult life. Ayurveda als@ntionsGarbha
upgahaatkara bhaava, factors causing abnormalities to the foetus,udiclg intercourse, exertion, trauma,
journey, staying awake at night, suppression ofesirgasting, abnormal postures, and hearing urghas
sounds'®
Garbhopaghatakarabhava: Precautionsfor Pregnant Women

Ayurveda advises pregnant women to take precautions coimcediet and activities to avoid physical and
mental strain. She is advised to avoid excessieecese, pungent materials, harsh or violent asdisjtas these
can disfigure placental formation and affect th&itianal flow through minute channef$
Ritumaticharya , Garbhinicharya,Douhrida

From the first day of menstruation onwards, a wostasuld follow specific do's and don'ts, such asdiag
sleeping during the day, to regulate frédosha. Garbhinicharya ensures non-exposure to toxins, chemicals,
dosha-provokingAharavihara, and ensures proper growth and development of abéus. The concept of
"Douhrida" in Ayurveda highlights the significance of fulfiiy the desires of a pregnant wom&aibhini) and
its impact on the developing fetG$his ancient idea aligns with modern understandofgspid brain growth
and myelination that occur between the 13th antt ¥eks of development. Epigenetic mechanisms glay
crucial role in the process of demyelination, engmiag the importance of epigenetic regulation gefmation
in both health and dise&8e
Masanumasika Pathyakrama (M onth-wise Dietary Regimens)

A healthy diet should be taken at proper timesiaredproper manner to keep thedosha balanced. Month-
wise diets and regimens are explained for pregmanten. Following such diets ensures proper nourggtim
thereby avoiding intrauterine growth restrictiod@R) 2
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Ayurvedic Approach to Motherhood

Ayurvedic approaches to pregnancy and childbirth are holistcduding proper diet, behavior, activities, and
spiritual actions. For obtaining healthy progeny,mocreative factorsShadgarbhakarabhavas) are explained:
Matrija (maternal),Pitrija (paternal),Atmaja (soul), Rasaja (nutritional), Satmyaja (wholesomeness), and
Satvaja bhava (psyche/mind). The confluence of these factorssisential for healthy offsprif§ A healthy
mother and father (with good conduct), the praatice wholesome regimen, and a healthy mind playgroles
in achieving beneficial epigenetics in the offsgriihara (diet) is considered one of the three @ilars in
Ayurveda (Thrayo-Upasthamba).?? Ayurveda emphasizes basic dietary guidelines, dioty appropriate food
combinations, cooking methods, storage, eating sfmere, hygiene, and etiquetistitavidha Ahara Vidhi
Visesha Ayatana). The preventive and curative aspects of Ayurvedalve around the central themeRdthya
Ahara-Vihara and Sadvritta.

Final Thoughts on the Synergy of Epigenetics and Ayurveda

The development of scientifically designed tools hevolutionized the approach to detoxifying thelygo
effectively removing toxins at both macro and midevels. This micro-level action can be attributied
advancements in various domains, including metabics, genomics, and biomié$.A notable emerging
concept in this field is Ayurgenomics, which intatgs traditional Ayurvedic principles with moder@angmic
insights to enhance personalized healthcare. Byrdgyng these interdisciplinary tools and approsche can
better understand and support the body's natutakifieation processes.

Panchakarma procedures, such &%rechana andVasti, can be further explored with future analyticalds&s
on gene analysis, potentially paving the way fourfet genomic studies. These procedures play arralkering
epigenetic changes caused by lifestyle and digiighting the potential for integrating traditidmaactices with
modern scientific advancements.

Conclusion

Epigenetics, defined as somatically heritable stafegene expression resulting from changes inrchtin
structure without alterations in the DNA sequeramgompasses DNA methylation, histone modificatiams
chromatin remodeling. The choices we make in gietception, actions, and environment can directlgact
our genes through these epigenetic processes. Madsearch, such as the study on DNA methylation in
monozygotic and dizygotic twins, supports the ithedt epigenetic factors contribute to phenotypigilgirities,
echoing ancient wisdom that microenvironment factofluence gene expression.

Ayurveda has long recognized the influence of various flactm health and disease, including congenitah birt
defects, and offers treatments |iBegja shuddhi andGarbhini paricharya to maintain maternal and child health.
These traditional practices can be understood ¢irdbe lens of epigenetics, which reveals how nigiolié
factors influence gene expression and can be mdniageoid adverse health outcomes. By followhygrvedic
principles such aBinacharya, Ritucharya, and Garbhotpadakachaturbhava, couples can optimize their health
and increase the likelihood of producing healthygeny.

Futureof Integrative Health Approaches

Garbhini Paricharya, or Ayurvedic antenatal care, represents a preventive approactaiarnal health
that holds promise for therapeutic applicationgsTitegrative method offers the potential in manggevere
disease conditions during pregnancy. Moreover,ecifitial gene expression studies relatedGawbhini
Paricharya could pave the way for future research, providdegper insights into its effectiveness and
mechanisms
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