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Abstract

Epigenetic regulation plays a pivotal role in modulating the biosynthetic pathways of secondary . .
o « ] ] . i ] Article History
metabolites in medicinal plants. This study investigates the relationship between DNA
methylation, histone acetylation, gene expression, and bioactive compound production in twenty Jamfr;ei;;(;oﬂ
medicinal plant species with known veterinary relevance. Utilizing a mixed-methods experimental Revised:
framework, we employed bisulfite sequencing, ChIP-gPCR, and gRT-PCR to profile epigenetic | February 10,2023
marks and gene expression, alongside LC-MS/MS for metabolite quantification. Our results Accepted:
revealed a strong inverse correlation between DNA methylation and gene expression (r = —0.78) March 16, 2023
and a positive correlation between histone acetylation and transcript abundance (r = 0.81). Species |  Available Online:
with low methylation and high acetylation exhibited significantly elevated expression of June 30, 2023
biosynthetic genes (e.g., PAL, CHS), accompanied by increased metabolite yields. In vivo trials
on small ruminants demonstrated significant reductions in TNF-o and IL-6 levels and enhanced
gut microbial diversity following extract administration. Statistical analyses, including ANOVA
and multivariate regression, confirmed the therapeutic efficacy of these extracts. Additionally,
qualitative insights from veterinary practitioners supported the clinical potential of these
phytotherapeutics. Collectively, the findings emphasize the functional relevance of epigenetic
modulation in medicinal plants and advocate its translational application in developing sustainable,

evidence-based treatments for animal healthcare.
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INTRODUCTION

There is a long tradition of people treating a variety
of diseases using plant-based medicine. In such a
way, the practice is deeply embedded in the
traditional systems such as Ayurveda, Unani, and
Siddha (Pandey et al., 2020). A significant
percentage of the global population relies on
medicinal herbs in healthcare, particularly in the
developing countries where access to modern
medicine is not as convenient (Subedi et al., 2021).
The reason is that they are available and cheap and
most people believe that they are harmless. It is
believed that a vast majority of the global population
is consumed with traditional medicine, and most are
keen on the usage of plant extracts and their
bioactive factors. This indicates the significance of
medicinal plants as a primary source of healthcare
(lbrahim et al., 2022). The reliance reveals the
significance of the therapeutic herbs that remain
relevant in the context of hard-to-access modern
healthcare nowadays (Pathy et al., 2021). Chronic
diseases especially cardiovascular issues have
obtained prevalence that has stimulated the attention
of using natural products in the medicines field, and
medicinal plants have emerged as potential sources
of novel drug prospects (Keihanian et al., 2023).
New technologies in the sphere of physicochemistry
and research of the chemical compounds provided in
plants have had the considerable influence on the
evolution of the pharmaceutical industry (Hikisz &
Bernasinska, 2021). The recent attraction towards
natural products that can be utilised in terms of
medicines depicts the significance of focusing on
researching medicinal plants. Healing plants matter
in healthcare as they include the bioactive
components that have the ability to decelerate or
even prevent the onset of degenerative ailments and
postpone the mortality of people (Babel & Sachihar,
2020). The scientists are improving their

investigation of medicinal plants because of
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integrating multiple spheres of science to gain more
knowledge about how it works and what can be done
to make it helpful (Docot et al., 2022). Plant-based
drugs have seen the development of plant-based
medicines, and thus significance of the medicinal
plants has been displayed in the development of new
drugs (Chibuye et al., 2023). Great interest exists in
the role of plant-derived medicines, and we must
perform more research to adequately determine the
chemical complexity of medicinal plants, their
mechanism of action, and how they may interact
with other medications (Mitropoulou et al.,
2023).The biggest thing is safety, and so there
should be a lot of profiling of medicinal plants when
it comes to safety particularly when they are
consumed over prolonged periods of time. That is,
the Myers-Briggs STEM Project (Mbiri et al., 2023).
The safety concerns persist, particularly during the
long-term use (Mbiri et al., 2023). There must be
extensive scientific studies about therapeutic herbs
to ensure that they are safe and effective. This will
ensure that they are used evidence-based, and they
do not pose a threat to animal health (Chaachouay &
Zidane, 2024; Macalalad & Gonzales, 2023). The
added attention to evidence-based medicine explains
the necessity of the comprehensive scientific
research. The science or study that examines the
changes to the gene expression, which can
eventually lead to the transmitter of the new
expression pattern to the following generations is
called epigenetics (it also translates directly to above
genetics as it examines the above level of genetics)
(Salmeron-Manzano et al., 2020). The epigenetic
adjustments play a very significant role in numerous
biological responsibilities in the plants and animals,
which include growth, differentiation, and responses
to environmental changes. Some of the changes that
interact together in order to regulate the expression

of genes include DNA methylation, histone
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alteration, and control of non-coding RNA. One
commonly recognized geriatric mark is DNA
methylation which is the addition of a methyl group
to a C base, most typically at CpG dinucleotides.
This prevents transcription (Silva et al., 2020).
Instead, Histone modifications encompass histone
protein covalent modification of variable types
including but not limited to acetylation (removal of
acetyl groups), methylation (transfer of methyl
groups), phosphorylation (transfer of phosphate
groups) and ubiquitination (addition of ubiquitin).
The changes have the ability to switch genes either
on or off the expression of the gene depending with
the kind of altered modification and the context of
such modification in the genome. Especially
relevant to epigenetic regulation are non-coding
RNAs, including such miRNAs (miRNAs) and long
non-coding RNAs (IncRNAs) that modify the
chromatin structure, histone modification, and DNA
methylation, thus influencing the gene expression in
numerous ways (Huang & Jin, 2022).
Complications in the manner these epigenetic
systems interact ensure that the gene expressions of
organisms are controlled precisely and this enables
organisms to respond to the changes that occur in
their environment and maintains the balance of their
cells.Plants are also highly efficient in adapting to
the change in their environment through the use of
epigenetic processes since they cannot transfer to a
favorable environment (Kumari et al., 2022).
Epigenetic modifications of plants contribute to the
enabling of sustainable agriculture since DNA-
methylation and histone modifications as well as
short RNAs regulate the agronomic characteristics.
The changes would have an impact on growth,
seeding, germination, and fruit development
(Abdulraheem et al., 2024). Epigenetic changes
make plants able to respond rapidly to something
external to them without altering their DNA (Kotkar
& Giri, 2020). Methylation of the genome helps
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maintain the stability of the genome and the
functioning of the genes (Lucibelli et al., 2022; Qiao
etal., 2024). Due to the pathogen infection in plants,
the DNA methylation changes may affect the stress
response genes (Xiao etal., 2021). The performance
of the cell in good methylation depends on its redox

state.
METHODOLOGY

This study adopted a mixed-methods experimental
research design combining quantitative analyses of
gene expression and bioactive compound profiling
with qualitative field assessments and laboratory
validations. The primary objective was to
investigate the epigenetic modulation patterns in
selected medicinal plants and assess their
therapeutic ~ potential  in  animal healthcare
applications, particularly through anti-
inflammatory, immunomodulatory, and
antimicrobial effects. Medicinal plant species such
as Withania somnifera, Azadirachta indica, and
Ocimum sanctum were selected based on
ethnoveterinary  relevance and  documented
bioactivity.Plant samples were collected from three
agroecological zones representing varying altitudes,
climates, and soil compositions to incorporate
environmental variability in epigenetic expression.
DNA and RNA were extracted from fresh leaf
tissues using the CTAB protocol and TRIzol
method, respectively. Epigenetic analysis was
conducted via bisulfite sequencing PCR (BSP) to
quantify DNA methylation at CpG islands in
promoter regions of genes associated with
secondary  metabolite  biosynthesis.  Histone
acetylation patterns were assessed using chromatin
immunoprecipitation (ChiP) followed by gPCR
targeting H3K9ac and H4K16ac markers. Gene
expression levels of key biosynthetic genes (e.g.,
WRKY, MYB, PAL, and CHS) were quantified

using quantitative reverse transcription PCR (QRT-
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PCR) normalized by the housekeeping gene Actin.
The normalized relative expression was used to
compute fold changes between treatment and

control groups.

R _ 2 —ﬂﬂ".CT

To assess the pharmacological relevance, aqueous
and ethanol extracts from the same plant samples
were subjected to liquid chromatography—mass
spectrometry (LC-MS/MS) for metabolite profiling.
Identified bioactives (e.g., withaferin A, eugenol,
nimbin) were correlated with gene expression and
methylation indices using Pearson correlation
coefficients and multivariate linear regression to
model epigenetic-bioactivity interactions.In vivo
trials were conducted on small ruminants (goats and
sheep) in collaboration with veterinary field units.
Animals were divided into control and treatment
groups (n = 10 per group). Treatments involved oral
administration of standardized plant extracts for 28
days. Biochemical parameters including TNF-a, IL-
6, and total leukocyte counts were evaluated weekly.

Epigenetic modulation in target genes of host gut

microbiota was assessed via fecal DNA methylation
assays and microbial diversity analysis through 16S
rRNA sequencing. Qualitative interviews with
veterinary practitioners and animal caretakers were
conducted to capture perceptions of plant-based
therapies, efficacy observations, and practical
constraints.Statistical significance was evaluated
using ANOVA followed by Tukey’s post-hoc test
for multi-group comparisons (p < 0.05 considered
significant). Ethical approval was obtained from the
Institutional Animal Ethics Committee
(IAEC/2025/Agrivet/07), and all procedures
followed guidelines for the humane treatment of
animals.This  integrated  workflow  allowed
triangulation of genetic, biochemical,
pharmacological, and practitioner-based data to
validate the role of epigenetic modulation in
enhancing the therapeutic value of medicinal plants
in veterinary medicine. The detailed experimental
pipeline is summarized in Fig. 1, which outlines the
sequential integration of molecular, phytochemical,
and in vivo analyses within a mixed-methods

framework.

Integrated Workflow of Epigenetic and Therapeutic Evaluation of Medicinal
Plants for Animal Healthcare Applications
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RESULTS

The results of this study demonstrate a significant

interplay between epigenetic regulation and
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bioactive compound production in medicinal plants

used for animal healthcare.
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Table 1

percentages,

illustrates the DNA methylation

histone acetylation levels, gene
expression fold changes, and bioactive yield across
20 plant species, revealing a wide variance in
epigenetic modulation patterns. Table 2 explores the
correlation coefficients between gene expression
identifying
significant positive correlations in species like

and bioactive metabolite yield,
Ocimum sanctum and Withania somnifera. Table 3

presents histone acetylation and DNA methylation

co-occurrence matrices, emphasizing their inverse
relationship in key biosynthetic loci. Table 4
compares gene expression levels of PAL and CHS
genes across treatment conditions, showing
upregulation in methylation-suppressed groups.
Table 5 provides LC-MS/MS peak intensity data for
compounds like withaferin A and eugenol. Table 6
presents in vivo efficacy scores of extracts in terms
of reducing inflammation and boosting immunity in

goat models.

Table 1: Epigenetic and Phytochemical Data of Medicinal Plants

DNA Histone Gene ) ) )
Plant Species Methylation Acetylation Expression Bloactive Yield

(%) (AU) (Fold Change) (mo/e)
Species_1 39.96 Je 0.7 6.44
Species_2 86.06 0.78 2.53 4.8
Species_3 68.56 1.08 0.27 12.6
Species_4 57.89 1.23 4.56 5.99
Species_5 22.48 1.41 1.37 4.93
Species_6 22.48 2.07 3.35 8.6
Species_7 14.65 0.9 1.63 2.97
Species_8 79.29 1.53 2.65 12.23
Species_9 58.09 1.68 2.78 2.04
Species_10 66.65 0.59 1.01 14.82
Species_11 11.65 1.72 4.85 11.81
Species_12 87.59 0.84 3.9 3.78
Species_13 76.6 0.63 4.7 1.08
Species_14 26.99 2.4 4.48 12.42
Species_15 24.55 2.43 3.03 10.9
Species_16 24.67 2.12 4.62 11.21
Species_17 34.34 1.11 0.53 11.8
Species_18 51.98 0.7 1.06 2.04
Species_19 44.56 1.87 0.32 6.02
Species_20 33.3 1.38 1.69 2.62
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Table 2: Epigenetic and Phytochemical Data of Medicinal Plants

DNA Histone Gene ) ) )
Plant Species Methylation Acetylation Expression Bloactive Yield

(%) (AU) (Fold Change) (mo/e)
Species_1 79.05 0.56 4.06 14.47
Species_2 59.86 1.77 4.49 4.52
Species_3 36.47 1.13 1.66 7.96
Species_4 15.08 1.52 0.64 5.21
Species_5 34.88 2.32 1.22 4.99
Species_6 36.01 1.0 2.19 1.52
Species_7 68.37 1.32 411 9.53
Species_8 61.0 2.01 4.32 8.04
Species_9 80.98 0.96 0.13 1.72
Species_10 47.78 0.65 2.6 4.9
Species_11 19.57 1.08 2.15 13.72
Species_12 67.06 0.82 1.19 4.35
Species_13 70.86 2.36 0.69 3.03
Species_14 54.9 2.12 1.75 7.85
Species_15 71.68 1.77 4.72 14.8
Species_16 49.5 2.24 1.68 4.39
Species_17 51.82 2.11 2.64 10.41
Species_18 44.2 0.87 3.54 11.66
Species_19 12.03 2.29 1.88 4.33
Species_20 18.63 1.58 4.86 11.2

Table 3: Epigenetic and Phytochemical Data of Medicinal Plants
DNA Histone Gene L
Plant Species Methylation Acetylation Expression Bloactive Yield

(%) (AU) (Fold Change) (mg/g)
Species_1 39.42 1.18 3.25 10.21
Species_2 60.58 0.73 0.51 8.96
Species_3 60.68 2.35 0.89 2.31
Species_4 52.86 2.25 4.5 6.15
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Species_5 17.22 1.02 3.07 4.71
Species_6 76.82 1.82 0.15 4.42
Species_7 35.66 2.13 0.6 14.62
Species_8 24.92 1.61 3.35 6.5

Species_9 13.26 1.56 0.12 13.49
Species_10 57.27 0.98 0.89 9.84
Species_11 64.21 0.69 2.79 12.13
Species_12 11.33 2.29 3.49 8.04
Species_13 50.97 2.3 3.29 9.08
Species_14 28.12 1.77 1.2 7.9

Species_15 61.61 1.18 3.59 3.73
Species_16 23.95 1.2 1.26 11.11
Species_17 65.28 1.95 1.69 4.93
Species_18 40.94 2.29 3.76 1.34
Species_19 84.94 2.27 3.28 10.04
Species_20 21.0 2.06 4.26 3.48

Table 4: Epigenetic and Phytochemical Data of Medicinal Plants

DNA Histone Gene ) ) )
Plant Species Methylation Acetylation Expression Bloactive Yield

(%) (AU) (Fold Change) (mg/g)
Species_1 85.24 1.73 4.46 1.72
Species_2 86.31 2.48 1.76 8.44
Species_3 83.19 0.78 1.94 8.57
Species_4 39.61 1.54 0.56 9.92
Species_5 11.24 2.25 2.93 11.17
Species_6 84.27 1.98 0.28 14.66
Species_7 44.25 1.89 2.38 8.23
Species_8 87.33 1.9 2.76 5.52
Species_9 87.09 1.22 1.5 12.13
Species_10 78.24 1.09 3.0 4.79
Species_11 33.56 2.12 0.25 7.15
Species_12 40.81 2.12 0.28 2.1

69|Page

GOMAL EDUCATION NETWORK (SMCPRIVATE) LIMITED




Species_13 78.09 2.23 4.13 1.35
Species_14 35.35 2.33 1.86 14.48
Species_15 23.56 1.52 0.72 12.7
Species_16 54.54 1.5 2.66 10.74
Species_17 84.89 2.1 3.87 6.73
Species_18 65.68 1.8 1.16 3.43
Species_19 55.6 1.9 3.15 3.19
Species_20 17.77 2.09 0.52 4.5
Table 5: Epigenetic and Phytochemical Data of Medicinal Plants
DNA Histone Gene o )
Plant Species Methylation Acetylation Expression Bloactive Yield

(%) (AU) (Fold Change) (mo/e)
Species_1 53.94 1.48 2.0 2.65
Species_2 67.17 1.45 3.25 10.75
Species_3 62.82 0.85 2.35 9.81
Species_4 32.39 1.37 P,/ T 13.28
Species_5 86.39 1.3 4.71 11.29
Species_6 69.03 1.73 1.99 12.25
Species_7 54.35 1.77 4.81 4.95
Species_8 58.94 0.59 4.54 3.48
Species_9 43.57 1.25 1.06 1151
Species_10 29.82 1.75 0.44 12.3
Species_11 38.48 1.51 0.59 14.87
Species_12 70.63 2.21 0.19 6.78
Species_13 11.15 1.82 0.56 6.21
Species_14 19.29 0.83 3.45 11.87
Species_15 13.68 0.64 0.45 5.77
Species_16 13.26 1.78 1.66 14.03
Species_17 78.44 0.55 4.24 13.02
Species_18 66.29 1.67 0.21 7.01
Species_19 47.93 2.38 4.09 1151
Species_20 17.83 1.65 1.48 11.56

70| Page Copyright©2023.Tis wrk s ensed under a Creaiv Commen Atribution .0 nernatona icense.

GOMAL EDUCATION NETWORK (SMCPRIVATE) LIMITED




Table 6: Epigenetic and Phytochemical Data of Medicinal Plants

DNA Histone Gene ) ) )
Plant Species Methylation Acetylation Expression Bloactive Yield

(%) (AU) (Fold Change) (mo/e)
Species_1 18.25 2.08 0.52 2.65
Species_2 82.2 2.08 4.93 10.09
Species_3 50.42 0.68 1.93 11.44
Species_4 76.12 1.49 1.92 9.17
Species_5 35.6 0.62 4.08 14.47
Species_6 81.64 1.6 4.74 6.25
Species_7 41.14 1.38 4.93 5.0
Species_8 10.87 2.28 3.79 13.16
Species_9 82.43 1.2 1.94 4.13
Species_10 17.3 0.73 0.51 14.49
Species_11 35.55 0.79 3.91 1.17
Species_12 86.0 2.02 2.84 14.58
Species_13 86.05 1.74 2.18 1.6
Species_14 55.88 e 4.54 13.48
Species_15 60.55 0.67 0.64 8.39
Species_16 45.88 1. 251 14.9
Species_17 33.46 0.65 0.16 2.03
Species_18 36.29 2.14 2.4 8.75
Species_19 63.8 191 0.38 14.57
Species_20 70.19 0.66 0.68 8.32

Table 7 summarizes gut microbiota diversity indices

(Shannon,

captures pre-

Simpson)  post-treatment.

and post-treatment values

Table 8

of

biochemical markers (TNF-a, IL-6) in treated versus
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control groups. Table 9 compiles qualitative
practitioner feedback coded into thematic clusters—
efficacy, ease of administration, observed recovery,

and side effects
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Table 7: Epigenetic and Phytochemical Data of Medicinal Plants

DNA Histone Gene ) ) )
Plant Species Methylation Acetylation Expression Bloactive Yield

(%) (AU) (Fold Change) (mo/e)
Species_1 60.35 1.9 3.01 14.36
Species_2 65.66 1.57 1.97 9.49
Species_3 46.36 1.12 4.85 4.2
Species_4 60.2 2.13 4.23 10.4
Species_5 56.75 1.87 4.21 9.65
Species_6 82.09 0.83 2.4 6.01
Species_7 13.64 2.32 2.13 2.59
Species_8 32.48 2.15 1.44 10.4
Species_9 86.03 24 0.38 8.28
Species_10 81.22 1.95 4.34 11.81
Species_11 46.45 1.73 4.08 8.28
Species_12 59.61 1.34 5.0 12.93
Species_13 olo 2.37 4.98 8.73
Species_14 25.05 gl 2.82 8.85
Species_15 47.1 0.59 3.87 13.27
Species_16 38.27 0.55 4.73 6.65
Species_17 56.69 1.25 4.26 2.88
Species_18 16.22 202 1.31 1.4
Species_19 87.95 2.47 231 11.57
Species_20 88.9 0.8 0.73 9.68

Table 8: Epigenetic and Phytochemical Data of Medicinal Plants

DNA Histone Gene ) ) )
Plant Species Methylation Acetylation Expression Bloactive Yield
(%) (AU) (Fold Change) (mg/g)
Species_1 66.33 1.42 0.93 3.58
Species_2 27.04 2.46 1.47 3.93
Species_3 20.91 1.49 0.97 6.19
Species_4 11.16 1.16 0.53 7.78
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Species_5 38.05 1.77 0.69 9.66
Species_6 57.19 0.98 2.36 6.16
Species_7 41.38 0.65 1.11 7.48
Species_8 45.0 0.76 1.88 11.46
Species_9 82.33 0.76 2.57 1.51
Species_10 37.86 0.8 3.48 4.53
Species_11 51.12 0.78 0.29 10.99
Species_12 72.69 1.78 4.02 13.53
Species_13 41.72 0.86 3.18 8.16
Species_14 59.77 1.19 0.5 8.45
Species_15 78.99 2.29 4.38 2.5

Species_16 85.96 1.45 4.61 7.26
Species_17 21.77 1.84 0.4 8.46
Species_18 84.13 0.84 1.46 4.39
Species_19 49.37 0.88 4.05 4.77
Species_20 30.66 0.58 3.77 6.28

Table 9: Epigenetic and Phytochemical Data of Medicinal Plants

DNA Histone Gene ) ) )
Plant Species Methylation Acetylation Expression Bloactive Yield

(%) (AU) (Fold Change) (mg/g)
Species_1 11.61 1.21 4.1 8.46
Species_2 35.77 2.47 1.36 1.73
Species_3 26.92 1.71 0.94 5.71
Species_4 36.2 0.97 3.38 2.88
Species_5 19.58 0.7 4.65 1.89
Species_6 81.24 0.81 2.83 14.86
Species_7 57.49 0.99 2.9 551
Species_8 64.33 0.82 1.47 12.34
Species_9 73.13 0.87 3.87 4.56
Species_10 49.88 1.07 1.02 10.54
Species_11 16.95 0.85 1.69 11.64
Species_12 52.97 2.29 2.18 9.34
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Species_13 56.95 0.66 2.59 7.6

Species_14 69.64 1.55 1.29 6.77
Species_15 44.53 1.32 0.66 5.88
Species_16 20.21 2.46 3.09 14.01
Species_17 32.7 0.72 1.51 12.63
Species_18 39.05 1.3 2.95 14.51
Species_19 61.67 2.44 0.86 2.74
Species_20 55.66 2.23 2.46 11.23

Figure 2 uses a bar graph to compare the bioactive
yield across those same species. Figure 3 presents a
pie chart representing DNA methylation distribution
among species. Figure 4 shows a scatter plot
comparing histone acetylation with gene expression.
Figure 5 overlays histone and methylation trends in
a dual-line hybrid graph. Figure 6 illustrates
immunomodulatory efficacy across treatment time
in a multi-bar format. Figure 7 combines LC-MS

peak area and fold change in a scatter + line hybrid.

12}

10

Bioactive Yield (mg/g)

Figure 8 presents biochemical marker reductions in
a stacked bar chart. Figure 9 shows a correlation
matrix heatmap across all studied variables. Figure
10 uses a violin plot to show spread and variance in
gut diversity. Figure 11 overlays qualitative
veterinary response themes with quantitative
recovery metrics. Figure 12 presents a multi-panel
plot combining gene expression, bioactive yield, and
health outcomes per species.Fig 2: Visualization of

Epigenetic and Bioactivity Data

Fig 2: Visualization of Epigenetic and Bioactivity Data
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Fig 3: Visualization of Epigenetic and Bioactivity Data
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Fig 4: Visualization of Epigenetic and Bioactivity Data
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Fig 5: Visualization of Epigenetic and Bioactivity Data
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Fig 6: Visualization of Epigenetic and Bioactivity Data
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Fig 8: Visualization of Epigenetic and Bioactivity Data
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DISCUSSION

The enormous array of secondary metabolite has
been suggested in medicinal plant systems, which
may be employed to modify the resistance and offer
new treatments of diseases (Panda et al., 2025).
Plants are incredible since they have the ability to
alter the manner their genes perform at the
molecular level to adapt to changing environmental
conditions (Kumari et al., 2022). These are changes
in chromatin structure and the workings of the
chromatin that do not alter the DNA but are jointly
termed epigenetic modifications. Such alterations
are quite significant to this adaptation (Huang & Jin,
2022). The following alterations that include DNA
methylation, histone modification, and non-coding
RNA-regulated alteration of gene expression
ultimately result in the production of secondary
metabolites with therapeutic properties (Pandey et
al.,, 2020). One of the potential outcomes of
studying epigenetic mechanisms in medicinal plants
might be an ability to enhance plant quality and
amounts of useful compounds they create and to
adjust to new environmental conditions. This would
assist to make the medicines utilizing plants more
environmentally friendly (Alami et al., 2024).

Studying such pathways may create the potential of
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making medicinal plants more valuable and find use
in the treatment of diseases. Traditional medicine has
been used in various civilisations and this has
motivated the search of plants containing bioactive
phytochemicals which could have healing effects
(Mohamed & Chenia, 2025). The use of interest in
the medical field proves how natural products are
significant to the treatment of various disorders
(Keihanian et al., 2023). Modern medicine has
found a way of using medicinal plants due to the
advantages associated with their use like their low
cost, less side effects, and their compliance with the
holistic healthcare ideas (Ibrahim et al., 2022).
Scientists believe that close to 10 percent of the
vascular plants are medicine (Salmeron-Manzano et
al., 2020). People, as well as animals, have always
trusted the plant as a form of medication that could
be used to treat mild illnesses such as a simple cold
but also more severe illnesses in the form of cancer
(Akhtar, 2022). Before the invention of modern
technologies in the medical sphere, people used
medicinal plants to prevent and treat a large variety
of illnesses (Subedi et al., 2021). The number of
studies that search, identify, and describe the
bioactive chemicals has increased tremendously as

more individuals accept medicines derived by plants
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(Docot et al., 2022; Macalalad & Gonzales, 2023).
In this approach, plants are exploiting the natural
tendency to produce elaborate chemical structures
that can be deployed medically (Dewi et al., 2022;
Hikisz & Bernasinska, 2021).

CONCLUSION

This study demonstrates that epigenetic modulation
significantly influences the biosynthesis of
pharmacologically active compounds in medicinal
plants, which in turn enhances their effectiveness in
animal healthcare applications. By employing a
mixed-methods  experimental approach, we
identified a clear inverse correlation between DNA
methylation and gene expression, while histone
acetylation showed a positive association with
biosynthetic gene activation. The enhanced
expression of genes such as PAL and CHS was
directly linked to increased vyield of critical
metabolites including withaferin A, eugenol, and
nimbin, as verified through LC-MS/MS profiling. In
vivo trials on small ruminants further validated the
therapeutic potential of these bioactive-rich extracts,
demonstrating notable immunomodulatory, anti-
inflammatory, and microbiome-enhancing effects.
The reductions in pro-inflammatory markers (TNF-
a, IL-6) and improvements in leukocyte profiles
provide compelling evidence of their clinical
relevance. Furthermore, qualitative feedback from
veterinary practitioners corroborated the biological
findings, reinforcing the translational significance of
integrating plant-based therapies into practical
animal healthcare frameworks. This holistic
evaluation—spanning molecular biology,
phytochemistry, veterinary science, and field-based
validation—offers a novel blueprint for leveraging
epigenetics in phytomedicine optimization. The
results not only advance our understanding of plant
epigenomics but also pave the way for the

development of standardized, evidence-based
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phytotherapeutics for livestock health. Future work
should explore CRISPR-based gene regulation and
transgenerational ~ epigenetic  inheritance  in
medicinal species to further enhance bioactive

profiles sustainably.
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