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ABSTRACT:

Introduction: People around the world are buying more herbal medicines because they think they are safe,
cheap, and work. India has a unique place in the herbal pharmaceutical industry because of its long history
of practices like Ayurveda. But the acceptance and commercialisation of herbal products in modern times
are held back by problems with standardisation, validation, and the regulatory infrastructure. Method: We
used a descriptive review method to look at data from government agencies (like AYUSH and NMPB), WHO
reports, and academic articles. Regulatory acts, cultivation practices, pharmacopoeia standards, and
market trends in the herbal sector were some of the main areas of focus. Results: India has put in place a
number of programs and rules, such as the Drugs and Cosmetics Act (1940), to promote herbal medicine.
Even so, there are still problems like inconsistent quality control, not enough clinical validation, and
fragmented supply chains persist. India's export potential remains underutilized compared to countries like
China due to weaker research and global compliance. Discussion: To capitalize on its herbal wealth, India
must invest in scientific validation, regulatory harmonization with global standards (e.g., WHO-GMP), and
strengthen its supply and training infrastructure. Strategic reforms can position India as a global leader in
herbal drug development.
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INTRODUCTION:

Introduction and background

Ayurveda, a traditional system of medicine
that originated in ancient India, places a
strong emphasis on herbal formulations and
phytochemicals for therapeutic purposes
[10]. The Indian Materia Medica, a significant
text in Ayurveda, comprises approximately
2000 drugs of natural origin, primarily derived
from various traditional systems and folklore
practices [2]. This herbal drug development
often adopts a reverse pharmacology
approach,  shifting  from  'clinics-to-
laboratories' rather than the conventional
'laboratory-to-clinics' model [4]. This method
allows for the exploration of potential
therapeutic  targets associated  with
Ayurvedic herbs and herbal products,
highlighting the significant therapeutic
activities of several lead molecules
developed from these sources [3][1].
Ayurvedic formulations typically consist of
multiple medicinal herbs, sometimes
incorporating minerals and metals, which are
believed to enhance the therapeutic effects
through synergistic actions [9][7]. However,
challenges remain in the promotion and
development of these herbal products,
including the need for thorough chemo-
profiling, safety evaluations, and quality
control measures [5]. While laboratory
experiments indicate that some Ayurvedic
herbs may hold promise as effective
treatments, there is currently a lack of
evidence supporting their efficacy in clinical
settings [6]. The integration of artificial
intelligence in Ayurvedic herbology offers a
promising avenue for accelerating drug
discovery, identifying  novel  herbal
combinations, and predicting therapeutic
outcomes [8]. Phytochemical studies
consistently investigate the chemical
compounds present in these herbs, further
informing the development of Ayurvedic
therapies [11]. Overall, Ayurveda's focus on

il eISSN : 2582 - 7634

complex herbal compounds represents a
unique approach to drug development,
distinguishing it from conventional medicine
practices

Methods

This study employs a descriptive and
analytical review approach based on
secondary data sources including:

e Reports from the World Health
Organization (WHO) and Indian
government bodies like AYUSH and
NMPB (National Medicinal Plants
Board).

e Published literature on herbal drug
development, regulatory procedures,
and pharmacopeial standards.

e Analysis of herbal raw material supply
chains, regulatory acts (e.g., Drugs
and Cosmetics Act, 1940), and global
market reports.

The evaluation also includes data on
cultivation  practices, quality control
mechanisms, and marketing strategies
adopted by Indian and international herbal
product manufacturers.

Results

Importance of Phytochemical Research in
Ayurveda

Phytochemical research plays a crucial role in
Ayurveda, as it involves the investigation of
the chemical compounds present in plants
that are fundamental to traditional medicine
practices. These studies focus on isolating,
characterizing, and evaluating the various
phytoconstituents found in herbal extracts,
which helps in understanding their biological
activities and potential health benefits [13].
By exploring the therapeutic properties of
these plant-derived chemicals, researchers
aim to identify applications in medicine,
pharmaceuticals, and overall health and
wellness [13]. This scientific approach not
only validates traditional  Ayurvedic
knowledge but also enhances the
development of herbal drugs that can
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effectively promote health and treat diseases,
aligning with contemporary health sciences
[13].

Integration of Traditional and Modern
Practices

Integrating traditional Ayurvedic principles
with modern clinical practices can enhance
patient care by offering a more holistic
approach to health management. This
integration involves several strategies,
including promoting rigorous research and
developing stringent standards for Ayurvedic
practices and products [14][15]. Moreover,
incorporating Ayurveda into medical school
curricula and conducting workshops can help
increase awareness and understanding of
these traditional practices among healthcare
professionals [16][17]. The collaboration
between Ayurveda and modern medicine
aims to provide personalized and effective
healthcare solutions while respecting
traditional practices [18][19]. However, this
integration faces challenges such as the lack
of uniform global standards for Ayurvedic
products, which complicates regulatory
approvals and quality assurance [21][22][24].
Additionally, issues such as a lack of
awareness, misconceptions, and competition
from modern medicine pose hurdles to the
broader acceptance and application of
Ayurvedic practices [23]. To overcome these
challenges,  advancements such as
personalized medicine and digital health
technologies are being incorporated into
Ayurvedic practices, trans forming them to
better align with contemporary medical
standards [20]. Chemo profiling, which
involves analysing the chemical constituents
of herbal extracts, plays a critical role in
assessing product quality and efficacy,
thereby facilitating the integration of
Ayurvedic formulations within modern
healthcare frameworks [25][27]. High-
resolution technologies like LC-MS/MS and
NMR are increasingly employed to simplify
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metabolite profiling of plants used in
Ayurveda [26]. Ultimately, the successful
integration of Ayurvedic and modern medical
practices hinges on a balanced approach that
emphasizes both scientific validation and
respect for traditional knowledge [18].
Regulatory Challenges

Key Regulatory Challenges for Ayurvedic
Herbal Products

Ayurvedic herbal products face several
regulatory challenges that hinder their
approval in various markets. One significant
issue is the absence of globally accepted
certification mechanisms, which complicates
the standardization of products and ensures
their safety and efficacy [34][39].
Furthermore, the lack of uniform global
standards creates difficulties for
manufacturers in  meeting regulatory
requirements, leading to inconsistencies in
product quality [33][39]. The Ayurvedic
industry also grapples with the scarcity of
quality-certified herbal raw materials, which
is crucial for maintaining the integrity of
Ayurvedic formulations [35]. This supply
issue, combined with lengthy approval
processes for regulatory certifications, can
delay product launches and limit market
accessibility [39]. Additionally, there are
concerns related to claim substantiation and
product categorization, which further
complicate the regulatory landscape for
Ayurvedic products [38]. Moreover, the
existing regulatory framework, such as the
Drugs and Cosmetics Act of 1940, does not
require comprehensive safety and efficacy
studies for marketing approval of Ayurvedic
products, potentially allowing subpar
products to enter the market [37][40]. This
lack of stringent oversight can result in trust
issues among consumers, as they may
question the reliability of Ayurvedic claims
compared to modern medicine and
supplements [36][38]. To address these
challenges, strategies such as promoting
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rigorous research, developing stringent
standards for Ayurvedic practices, and
implementing regulatory reforms have been
proposed. Incorporating Ayurveda into the
curricula of medical schools and conducting
awareness workshops could also enhance
understanding and acceptance of Ayurvedic
products within mainstream healthcare
[29][30][31][32].

Role of International Harmonization of
Regulatory Standards

International harmonization of regulatory
standards plays a critical role in the ap
approval process of Ayurvedic herbal
products, significantly affecting their
acceptance in global markets. The lack of
harmonization in regulatory requirements for
herbal products across different countries
has been identified as a barrier to effective
regulation, impacting the quality and
availability of these products internationally
[58][66]. Efforts by organizations such as the
World Health Organization (WHO) aim to
foster the convergence of pharmacopeial
standards, which can enhance the
accessibility and affordability of Ayurvedic
products [59]. Regulatory authorities,
including the FDA and EMA, are working
towards aligning technical requirements to
ensure quality, safety, and efficacy standards
are met for herbal products [63][64].
Furthermore, collaboration among
regulatory agencies and international
organizations is crucial in establishing
standardized quality and safety benchmarks
for herbal medicines [60][61].Despite these
efforts, challenges remain, including
insufficient research on herbal medicines and
a general lack of robust regulatory
mechanisms [69]. The goal of regulatory
harmonization is to address these issues,
facilitating the smooth development and
marketing of Ayurvedic products globally
[64]. In India, the AYUSH regulatory
framework governs the approval of classical
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herbal medicines, contrasting with the less
defined status of such products under U.S.
law [70][71]. This discrepancy underscores
the need for international consensus on
regulatory standards to improve the global
acceptance of Ayurvedic formulations
[65](66]

Challenges in Research

The isolation and characterization of
bioactive compounds from Ayurvedic plants
face several challenges. One of the primary
difficulties is the extraction process, which is
crucial for obtaining the desired chemical
components from the plant material.[46] [
50]. Different phytochemicals exhibit varying
solubility, which complicates the extraction;
for instance, while some phenolic acids are
water-soluble and easily extracted, others are
insoluble secondary metabolites that present
greater challenges.[48] To address these
challenges, researchers often employ a range
of analytical techniques. Common methods
include UV-Visible spectroscopy, infrared
spectroscopy (IR), mass spectrometry, and
various chromatographic techniques such as
high-performance liquid chromatography
(HPLC) and thin-layer chromatography
(TLC).[42] [43][45] These techniques facilitate
both qualitative and quantitative analyses of
the phytochemicals present.[45] Additionally,
a multiparametric protocol comprising
multiple biochemical assays has been
developed to effectively quantify major
categories of phytochemicals, thereby
enhancing the understanding of their
properties.[44] However, beyond technical
hurdles, regulatory issues also complicate the
research landscape. There is a notable lack of
harmonization in the regulatory
requirements for herbal products across
different countries, which can affect the
consistency and availability of Ayurvedic
medicines.[52][54] Regulatory agencies like
the FDA and EMA impose strict standards for
quality, safety, and efficacy of herbal
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products, adding another layer of complexity
to the development process.[53] Researchers
must navigate these regulatory landscapes to
ensure their findings and products comply
with  international standards, further
complicating the isolation and
characterization of bioactive compounds
from Ayurvedic plants.[54][55]

Effective Ayurvedic Formulations

Research has shown that various Ayurvedic
herbal formulations possess significant
bioactive phytochemical compounds that
contribute to their therapeutic effects. These
formulations are often analysed using
advanced spectroscopic techniques, such as
UV-Visible, IR, NMR, and mass spectrometry,
which help in determining their chemical
structures and validating their efficacy
[74][75]. A systematic review highlighted the
importance of bioactive compounds in
Ayurvedic medicines, emphasizing the
therapeutic uses and advanced extraction
methods for six prominent formulations [ 78].
Clinical studies have provided insights into
the effectiveness of specific polyherbal
formulations, revealing that they are
enriched with pharmaceutical values and
beneficial therapeutic properties [73]. The
meticulous approach to extraction, isolation,
and characterization of these compounds has
shed light on the rich biodiversity of
medicinal plants used in Ayurveda [76].
Despite the promising findings, there is a
noted lack of harmonization in the regulatory
requirements for herbal products globally,
which  presents challenges for their
availability and compliance  [79][80].
Nonetheless, ongoing research continues to
uncover the potential of these formulationsin
various health contexts, reinforcing the
relevance of Ayurvedic practices in
contemporary herbal drug development [81].

DISCUSSION:
The development of herbal medicine in India
stands at a critical juncture where traditional
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knowledge and modern science must
intersect. Despite the rich heritage of
Ayurveda and the vast biodiversity of
medicinal plants, India faces several systemic
challenges that hinder the global
competitiveness of its herbal products. Key
barriers include lack of standardization,
inconsistent quality of raw materials, limited
clinical trials, and inadequate funding for
R&D. Moreover, regulatory mechanisms,
although present through acts like the Drugs
and Cosmetics Act (1940), are not always
aligned with global standards such as WHO-
GMP and GLP, which restricts export potential
and international recognition. Government
initiatives like the Ministry of AYUSH, National
AYUSH Mission, and support from the
National Medicinal Plants Board (NMPB) have
laid the groundwork for policy and
infrastructure. However, successful
implementation requires stronger
interdisciplinary  collaboration, better
training, and investment in innovation,
particularly in toxicity profiling,
pharmacokinetics, and supply chain
transparency. In conclusion, while India has
the cultural and natural resources to
dominate the herbal market, it needs to
overcome  scientific, regulatory, and
infrastructural shortcomings. A strategic
integration of traditional wisdom with
modern scientific rigor can propel India to the
forefront of global herbal drug development.
CONCLUSION:

India’s herbal medicine sector holds
immense potential, rooted in Ayurveda and
rich biodiversity, yet its global impact is
limited by gaps in standardization, quality
control, research validation, and regulatory
alignment. While initiatives by the Ministry of
AYUSH and allied bodies have created a
supportive framework, real progress depends
on stronger interdisciplinary collaboration,
modern scientific validation, and transparent
supply chains. By integrating traditional
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wisdom with global research standards and
innovation, India can transform its heritage
into internationally recognized, competitive,

and

trusted herbal

products, thereby

establishing itself as a leader in the global
herbal medicine market.
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