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ABSTRACT

Conventional herbal medication has picked up a gigantic sum of intrigue around the world due to its viability in the treatment of extreme illnesses
from the period of antiquated civilizations. Phytomedicines are considered a major health-care supplier around the globe, especially in rustic and
farther ranges. A huge segment of individuals depends on or accept home-grown drugs as an essential cure for different afflictions rather than
manufactured drugs. Researchers are paying much attention to herbal medicine as compared to synthetic drugs due to their severe side effects, and
toxicity with less efficacy and specificity. Despite the significant increase in global interest in the investigation and development of new botanical
products, only a few have been approved till now. Natural product medication development has significant technical and monetary hurdles, including
a time-consuming formulation process, quality assurance, safety, therapeutic efficacy, promotion, and administrative issues. To meet these challenges,
the regulatory agencies EMEA, ICH, AYUSH, DCGI, WHO, and U.S. FDA trying to bring these herbal drugs under the regulatory pipeline under the NDA
approval process. Moreover, the process of drug discovery has also been revolutionized with the new advent of technologies such as the successful
drug development of a novel therapeutic agent is critically relying on the process which adopts novel approaches and involves the concept of ADMET
(i.e., absorption, distribution, metabolism, excretion, and toxicity) in the early stages of drug discovery along with the interaction profiles of herb-herb
and herb-synthetic. In the present review, we will address the noteworthy opportunities and issues related to phyto-drug improvement in various
developing and developed nations such as Europe, U.S. and India, its commercialization with regulatory guidelines, and recommended potential
methods to bring them up into the mainstream of modern medical practices and healthcare.
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INTRODUCTION

In the 21** century, pharmaceutical sciences have made tremendous
progress throughout the world. Overall lethality rates have reduced, life
expectancy has improved, numerous new life-saving pharmaceuticals
have been discovered to aid in the fight againsta variety of infectious and
other diseases, and technological advancements have increased modern
science’s potential [1]. Plants include a variety of molecular entities with
varying levels of bioactivity, which have traditionally been utilized to
develop novel medications and new leads for drug development against
a variety of diseases [2]. Concurring to the World Health Organization
(WHO), almost 80% of individuals still utilize herbal medicines for
essential well-being care, and ethno pharmacological origins account
for 80% of 122 plant-derived pharmaceuticals [3]. Herbal medications
are exceptionally vital, have lesser side effects, and are congruous with
our biological system; however, these are not broadly considered today’s
engineered drugs. The pharmaceutical sector is one of the world’s
most important industries for economic growth. The entire revenue
market for herbal pharmaceuticals is 50.9 billion dollars, which is much
smaller than the manufactured drug market, which was 934.8 billion
dollars in 2017 [4]. Herbal exports include Ayurveda, Unani, Siddha,
and homeopathy (AYUSH) medications, which account for 3% of total
Indian pharmaceutical exports. Raw materials account for 70% of the
herbal sector’s exports, which are expected to be worth Rs. 10 billion
per year. Finished items, such as herbal extracts, account for 30%
of the export. India’s contribution to the worldwide herbal export
market, however, is <1%. Even though AYUSH is one of India’s oldest
traditional systems of treatment, it has been unable to capitalize on the
expanding market’s prospects [5]. According to reports, around 8000
herbal species are utilized as ethnomedicine, and ethnic communities
have devised 25000 formulations that must be identified, verified, and
documented [6]. The pharmaceutical industry has shown less attention
for developing herbal medicines due to the complex process of drug

development, quality control, security, adequacy, promotion, and
administrative guidelines, and medical people are also not interested
much in it [7]. For low-income and developing countries, this scenario
becomes a financial burden. In this review, we have highlighted the
prospects and problems related to plant-derived drug development
and its commercialization, as well as the future breadth of research
possibilities.

THE STATE OF THE ART OF HERBAL MEDICINE

Ayurveda, Unani, and Chinese medicine, as well as homeopathy and
naturopathy, are all plant-based systems of medicine. These medical
techniques, however, were neglected and even proclaimed illegal by
authorities throughout the colonial era since they were considered
archaic and unscientificc. When chemical analysis became possible
in the early nineteenth century, scientists began extracting and
manipulating the strong medicinal chemicals inherent in plants to
use them as ingredients in allopathic remedies [8]. Chemists began
synthesizing these chemicals and generating their own plant-based
molecules later. In 25% of allopathic prescription medications, at
least one active component originated from plants can be found [9].
According to recent studies, herbal remedies have been shown to be
as effective as conventional pharmaceuticals while also being relatively
safe [10]. The plant produces antimicrobial peptides to protect them,
and these peptides appear to have a lot of clinical utility. Antimicrobial
peptides have a high selectivity for prokaryotes and minimize the
probability of microbial resistance [11]. Self-assembling peptide
nanofibers may prove to be an efficient SARS-CoV-2 vaccine, according
to current Corona vaccine engineering research [12]. Herbal medicine
research has also benefited from genomics research. Because genomics
can uncover important gene clusters and gene duplication events for
specialized metabolism, it could aid in the discovery of gene-metabolite
connections in plants. Gene activity in medicinal plants must be
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thoroughly examined by genome sequencing, assembly, and annotation
because the bulk of many new plant-derived compounds is secondary
metabolites such as terpenoids, alkaloids, and phenolic compounds.
Hence, there have only been a few well-assembled herbal genomes
revealed. To predict secondary metabolite pathways in medicinal plants,
genomic data can be integrated with the proteome, transcriptome, and
metabolomic data [13].

HERBAL MEDICINE AND ITS IMPORTANCE

Plant-derived medicinal active constituents have earned a reputation
as “people’s drugs” as they are easily available, claimed safe and
secure, easy to prepare methods, and are gradually displacing
standard restorative treatment frameworks in numerous nations as
improvements in quality control and clinical researches way public
opinion in their support.

Because of the negative effects of contemporary medications, the
inability of existing therapies to address chronic conditions, and germ
resistance, herbal products have seen a huge resurgence in popularity
in recent years. Herbs or herbal products are utilized by a vast number
of people for basic healthcare requirements, according to the WHO.
Herbs, herbal materials (such as plant parts), herbal preparations,
processed and finished herbal products, and active ingredients make up
herbal medicine [13]. Traditional herbal remedies are utilized by 80%
of the population in numerous Asian and African countries for primary
healthcare, but complementary and alternative medicines (CAMs) that
mostly consist of herbal items are used by 70-80% of the population in
many rich countries. “Kampo” medications are prescribed by 60-70%
of allopathic doctors in Japan (largely composed of herbal products).
Plant-based medications are prescribed by over 70% of German
doctors. Natural resources contribute to more than 70% of modern
pharmaceuticals in India, and several synthetic equivalents have been
generated from prototype compounds derived from plants. According
to statistics, natural materials are used in more than 60% of cancer
treatments on the market or in research. Plants are currently used to
make around 80% of antibacterial, immunosuppressive, cardiovascular,
and anticancer drugs. Over 70% of the 177 anticancer drugs approved
are based on natural or mimetic chemicals [14]. According to the WHO,
Regional Office for the Americas, herbal medicine is used by 71% and
40% of the populations in Chile and Colombia, respectively. In Australia,
France, and Canada, CAM is predicted to be used by 46%, 49%, and
70% of the populace, respectively. Natural or herbal medicine is used
by around 158 million Americans [15]. Plants are always the primary
source of medicine or treatment method in several ancient medicinal
systems.

PHYTOCHEMICALS, SECONDARY METABOLITES, AND ACTIVE
MOLECULES AND THEIR BIOLOGICAL ACTIVITIES

Biological activity refers to a drug’s or bio-chemical’s substantial or
side effect on living things. The sections are influenced by the amount
of medication used. The biological activities of phytochemicals, which
are derived from plants, have shown many potential biological activities
against several diseases and illnesses and are highly effective [16]. Only
15% of the world’s estimated 250-400 thousand plant species have
been researched phytochemically, and only 6% have been screened
systematically for biological activity, according to estimates [12]. More
than 60% of clinically utilized medications contain natural chemicals
or their derivatives, and more than 120 chemical moieties originating
from plants are used as drugs against life-threatening diseases [17].

PHYTO DRUG APPLICATION LANDSCAPE: OUR REGULATORY
STATUS TO DATE

Botanicals and other natural materials have been used as herbal
medicines to cure a wide spectrum of human ailments for thousands
of years. Several constituents may contribute to the overall therapeutic
benefit of botanicals because they are naturally heterogeneous
combinations with few distinct active constituents. Due to the inherent
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chemical complexity of botanical blends, botanical drug researchers
confront arrange of obstacles when commencing an investigational
new drug (IND) clinical study, such as assuring consistent product
quality [3]. Many regulatory scientists throughout the world are
becoming more aware of cases of clinically significant hepatotoxicity
linked to several herbal and botanical products advertised as dietary
supplements [18]. Concerns regarding this adverse effect have grown
in the United States (US) as the usage of dietary supplements has
progressively increased among demographically different groups of
customers over the last few decades [3]. An ongoing prospective multi-
center analysis financed by the National Institutes of Health (NIH) has
revealed that dietary supplements and herbal products were causally
linked t015.5% of domestic hepatotoxic episodes leading to inclusion,
underlining this problem [19]. Companies or scientists in the US gain
clearance to begin clinical trials by submitting an IND. Food and Drug
Administration (FDA) urges companies to contact the agency before
submitting an IND since an early engagement with FDA officials can
help to avoid clinical hold (FDA refusal to allow research to proceed)
concerns. A pre-IND meeting is one type of communication that can offer
sponsors information that will help them prepare to submit a complete
IND. The NDA process is used to regulate, and control marketed new
medications. The medication sponsors use the NDA application to ask
the FDA to approve a new medicine for sale and marketing in the US.
The NDA incorporates the information gathered during animal studies
and human clinical trials, which are generally conducted under an IND
(FDA, 2019). Botanical medicine products are regulated in the same
way as small-molecule pharmaceuticals and follow the same path. The
FDA established the Botanical Review Team (BRT) in 2003 to conduct
a pharmacognosy analysis of all botanical submissions, which includes
an examination of botanical raw materials, previous human experience,
and the phytochemical ingredient profile for all original IND and NDA
submissions. From 1984 (when botanical INDs were first received)
until the present, the FDA BRT has an in-house database of botanical
pre-IND, IND, and NDA submissions [3] (FDA, 2019). Various regulatory
agencies have differed in their requirements for toxicological evidence,
as well as how they used clinical trial data, adverse event records, and
the historical use of botanicals as medicines and foods in their reviews.
As aresult, it is important to think about how each product is classified
based on the jurisdiction in which itis created and sold. Even ifa product
is categorized as being in the same category, regulatory requirements in
different nations may differ. For items that are “Classified as Medicines,”
regulations are usually consistent across jurisdictions. The regulatory
criteria for “Classified as Supplements” items, on the other hand, vary
widely between countries. Despite significant differences in regulatory
standards among jurisdictions, one thing that all counties have in
common is that consumer safety is the primary concern [17].

MARKET VALUE OF HERBAL DRUGS

Plant-derived medications have produced an impact on people all
around the world because of their health benefits, as well as the fact
that they are less expensive in many countries than modern synthetic
treatments. Increased consumer knowledge, FDA rules for current
Good Manufacturing Practices (GMP), the high cost of contemporary
pharmaceuticals, and few or no adverse effects are market-driven
dynamics that have expanded the global market for herbal medicines.
The world’s largest producers of herbal medicinal plants are China and
India. Most of the herbal medicines are produced in France, followed
by Germany in Europe [20]. Saudi Arabia and the United Arab Emirates
are the world leaders in the manufacture of herbal medicines in the
Middle East. Africa continues to lag behind the rest of the world in
herbal medicine manufacturing due to its weak economic and turbulent
political status. According to estimates, the global market for herbal
medicine will reach $5 trillion in 2050, up from $60 billion in 2010 [21].

The global herbal pharmaceutical companies leading in this sector and
growing rapidly include Nutraceutical International, USA, Shen Chang
Pharmaceutical Company, China, Himalaya Drug Company, India, Zandu
Pharma, India, Dabur, India, Hamdard Laboratories, India [22]. Large
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pharmaceutical corporations and minor pharmaceutical businesses
dominate the worldwide herbal market, resulting in a highly
competitive and fragmented sector. In terms of product portfolios,
quality, and pricing, multinational firms are expanding their operations
into emerging countries, placing pressure on regional and indigenous
herbal companies. There is a lot of competition, and it is just going to
grow worse. Large organizations are focusing on extraction procedures
and purification protocols to provide the high-quality product required
to expand the market of herbal medicine. Some limitations are there,
such as unstable regulations and authority in terms of quality control
and patent laws, and a lack of high-quality research data for the
expansion of the herbal industry [23].

PROBLEMS AND CHALLENGES FACINGIN HERBAL DRUG
DEVELOPMENT AND THEIR PROMOTION

Due to their natural origins and lower side effects or unhappiness
with the results of synthetic pharmaceuticals, herbal medicines,
and their preparations have been widely utilized in developing
and developed countries for thousands of years. Oriental herbal
medicine has several distinct qualities. All herbal remedies, whether
presented as single herbs or as a combination of plants, are referred
to as medicine preparations [24]. Medicinal ingredients are used in
traditional remedies. Plants, minerals, organic matter, and so on are
all examples of organic matter. Herbal remedies are mostly those
that are used in traditional medicine which primarily treats patients
with medicinal plant mixtures [25]. These medications are made of
eco-friendly procedures, renewable raw material resources will be
available, bringing economic benefits. The people who grow these
basic materials should profit [26]. Due to the availability of thousands
of medicinal plants in various bioclimatic zones, India is regarded as
the “Emporium of Medicinal Plants” [27]. Both in modern medicine and
in traditional medicine, medicinal plants continue to deliver essential
therapeutic substances. The examination of the efficacy of plant-based
pharmaceuticals used in traditional medicine is being focused on since
they are inexpensive, have few side effects, and as reported by the WHO,
approximately 80% of the population of the world generally depends
on herbal medicines [28].

FORMULATION DEVELOPMENT

The advancement of herbal medicine within the scaffold of evidence-
based medicine is comparatively the latest. Applying the techniques
of western-based pharmaceuticals to herbal medicines shows the
research workers a multifaceted set of challenges. On the other hand,
it is important that research plans in herbal drugs and conduct be
systematically and strong, whereas on the view of medical philosophies
and practices that escorts the use of conventional herbal medicines [29].

STABILITY OF HERBAL DRUG

Stability testing aids in the establishment of storage conditions for a
drug product’s Quality-Safety-Environment (QSE) to be maintained
during its shelf life. However, confirming QSE for an herbal product
under the effect of diverse storage circumstances is far more difficult
than it is for a synthetic drug product. There are some hurdles that
make the stability testing of herbal drugs difficult, are chemical
complexity, variety in biochemical properties of raw material, choice
of marker(s) for stability testing, and influence of enzymes present in
herbal products [30].

INSUFFICIENT PHARMACOKINETIC INFORMATION ON HERBAL
DRUGS

The amount of a drug that reached systemic circulation and the
location of action are tied to the dose, the route of administration,
and the pharmacokinetic properties of drugs. Data on the dose and
administration route utilized to achieve therapeutic results without
adverse reactions are included in preclinical and clinical studies
that were conducted to determine a new drug’s approval rating.
Furthermore, the pharmacokinetic data collected in the above studies,
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combined with the assessment of the drug’s long-term safety and
efficacy (benefit-risk ratio), reveal a few factors, including disease
states, age, genetic polymorphisms, and poly pharmacy, that may alter
the drug’s pharmacokinetics and thus influence its responses. However,
the use of a medicinal plant concurrently with medicine may result in
a lack of therapeutic benefit or unforeseen negative side effects [31].

EFFICACY, BIOAVAILABILITY, SAFETY, AND TOXICITY OF HERBAL
PRODUCTS REGULATION

Herbal medications are regulated and registered differently in different
countries. Herbal medications are classified into prescription and non-
prescription medicines in the countries where they are controlled. Other
than medicinal use, herbal products can also be grouped in various ways.
Furthermore, the regulatory status of a few herbal drugs may vary from
country to country. The concerned competent providers and distributors
of specific chemicals are normally included in the national regulatory
framework. As a result, the regulatory status of these products dictates
who has access to them and how they are distributed.

QUALITY ASSURANCE AND CONTROL

Every country that regulates herbal medicines should have quality
control and quality assurance in place, such as national quality
specifications and standards for herbal products, GMP for herbal drugs,
labeling, manufacturing license, imports, and merchandise.

PHARMACOPOEIAS

Quality specifications and standards for various types of herbal
materials, such as volatile oils and powdered herbal products, are
defined by national and regional Pharmacopoeias. Herbal materials are
used and included in such Pharmacopoeias are dependent on the items’
local availability.

ACTION REQUIRED

Herbal medicines, like other human medications, should be controlled
by a drug regulatory procedure to make sure that they meet the
necessary criteria of safety, efficacy, and quality [32-34].

CHALLENGES IN CLINICAL TRIALS AND ETHICS WITH HERBAL
DRUGS

Herbal medications contain various chemical constituents (phyto-
constituents) that have been utilized for ages and are recognized for
their pharmacological effects on the body. Herbal medications are
widely accepted and used over the world, implying their safety and
efficacy. However, most herbal medicinal products have insufficient
pharmacokinetic, pharmacological, and clinical data, which contributes
to the lack of guarantee of safety and efficacy. The problem of herbal
drug regulation is exacerbated by the large gap in satisfying statutory
criteria for research on herbal medications [35]. There is not enough
scientific evidence to assess herbal medications’ safety and efficacy. The
trial drug’s quality must be checked for batch-to-batch consistency of
the active ingredients. It is tough to create active and control groups
that are similar in color, smell, and taste to the herbal medication,
which can’t be replicated when made a placebo. These difficulties
can be mitigated or eliminated by using the most up-to-date clinical
research procedures and protocols. Because quality control of herbal
medicines is complex and demanding, relevant and adequate standards
for the assessment of safety and efficacy for various categories of herbal
medicines should be defined to save money and time. Furthermore,
attempts should be made to include conventional medicine in national
medical practices [36]. The clinical research can begin only after
collecting necessary preclinical data on the intervention and receiving
proper clearance from the relevant Health Authority/Ethics Committee
for the study’s design and objectives [37]. The different hurdles and
regulatory rules highlighted for herbal medication clinical trials will
be important for many sectors to consider before proceeding with a
clinical study of their product.

33



Hossain et al.

Herbal drug research is fraught with difficulties that must be overcome.
Before registering an investigational new medicine for performing big
phase III studies, they include difficulties such as financial, ethical,
product standardization (quality control), study design, and regulatory
requirements. The WHO established operational recommendations
in 2005 covering regulatory criteria for herbal product clinical
studies [38].

The success of traditional herbal treatments is primarily determined
by the patient’s participation [39]. Traditional medicine makes
extensive use of placebo effects in offering psychological support to
patients in addition to physical therapies to optimize them on specific
factors that contribute to the effectiveness of any therapy. Herbal
medicine treatments are complicated, involving a combination of active
ingredients as well as administration guidelines [40]. As a result, the
patient’s willingness, and drive to continue the therapy determines
the efficacy of the herbal treatment. However, using blinding and
randomization [41], these variables can be reduced.

The selection of controls is another challenge in randomized clinical
trials of herbal medications. Controls are chosen obeys like the
intervention group as possible, as comparator comparability is
required if the study is to give evidence of a particular impact of the
herbal medication [42]. The parameters such as color, odor, length,
frequency of intake, the believability of the therapy to the patient, and
physical circumstances in which treatments are provided should all
be regulated [43]. Selecting a matching control for many crude drugs,
for example, ginger having a distinct odor, is a difficult challenge [44].
In this part, we will be focusing on the problems of herbal medicine
clinical research as well as herbal medicine regulatory concerns.

QUALITY CONTROL-RELATED ISSUES

Several suggestions for quality monitoring and cultivation of raw
materials for herbal formulations were made during a WHO conference
in 2000. The development of a good agricultural and collection
Practices (GACP) subcommittee to facilitate the availability of high-
quality herbal medicines on the market by providing training and
support to small producers and farmers was one of the proposals.
Incentives for cultivators of herbal phyto-constituents might be offered
to encourage GACP implementation. These services include offering
technical and logistical assistance in identifying optimal agricultural
production areas, delivering seeds and seedlings, selecting fertilizers
and pesticides, and providing or providing advice on harvesting and
primary processing gear [34].

Quality control maintains the quality of goods by adhering to well-
structured and defined requirements. Official pharmacopoeias,
monographs, handbooks, and other sources of standard parameter
information are available [45]. Various analytical techniques may
be employed to find out the quality of herbal materials. The validity,
precision, accuracy, and resilience of the approach must all be
considered while selecting analytical methods. It is now feasible to
identify and quantify the test chemical using advanced methods such
as gas chromatography (GC), high-performance liquid chromatography
(HPLC), and gas chromatography-mass spectrometry (GC-MS) [33].

ADMINISTRATIVE ISSUES

This creates significant difficulties in defining the idea of national
regulation of herbal materials, while also confounding patients and
customers [32]. Since 1994, natural products are regulated in the US
under the Dietary Supplement Health and Education Act (DSHEA) [46].
A nutritional supplement is defined as an edible material that has a
“dietary element” and is meant to augment the diet. Herbs, minerals,
vitamins, and other botanicals are among the nutritional constituents of
these products [47]. Further toxicity studies are typically not necessary
under the DSHEA for the herbs available in the market before 1994
(NIH Office of Dietary Supplements, 2011) [48]. In this case, the FDA is
responsible for proving that an herbal therapeutic product or “dietary
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component” is harmful or unfit for human consumption. In many
developing countries like India, another key difficulty is the exchange
of regulatory information on herbal medications between regulatory
agencies and safety monitoring or pharmacovigilance centers [32].

PHARMACOVIGILANCE

The enormous worldwide usage of herbal items and pharmaceuticals
is a past instance for them to be incorporated into pharmacovigilance
systems. In respect of population experience, it is vital to identify the
hazards involved with the usage of herbal medicine and the safety of
the herbal materials that have become a major public health concern in
this respect. The requirement for pharmacovigilance for the interaction
between drugs and herbal products is critical for identifying and
assessing hazards associated with the use of herbal items (safety,
efficacy, and superiority), which are not usually rigorously researched
and are frequently not subject to regulatory approval [49]. Herbal
product pharmacovigilance centers are mandated to examine and
gather information about the safety and efficacy of herbal medicines by
analyzing the side effects of drugs. There is no question that the recent
increase in poisoning incidents of the use of herbal drugs in many parts
of the world necessitates the need for extensive toxicity evaluation
as well as pharmacovigilance on herbal medicines to encourage their
appropriate application and safeguard human wellness [50].

IPR AND BIOPIRACY

Biopiracy is a major hindrance to the spread of herbal traditional
medicine. Conservation of traditional knowledge is so critical for our
development [13].

IRRATIONAL USE

Herbal products are commonly considered to have no side effects or
interactions; however, this is not the case. As a result, irrational use
of these medications can lead to a variety of issues that might stymie
their development [51]. In this situation, when traditional medicine and
knowledge are on the verge of extinction, it is imperative that we moves
wiftly and decisively to conserve and preserve our history.

Regulatory agencies now have the responsibility of monitoring the
regulated and quality flow of herbal products and facilitating their
development to clinical trial phases. If regulatory agencies collaborate
closely with academic institutions, research institutes, research clinics
and centers, hospitals, industry, and pharmacy colleges, the aim will be
achieved sooner rather than later.

QUALITY CONTROL OF HERBAL DRUGS

Herbal medical goods are those thatare derived from plant resources for
human treatment and well-being. It is critical that the quality of herbal
medicines be monitored in the same way that chemically manufactured
medications are. However, as compared to synthetic pharmaceuticals,
the regulatory standards for herbals are less stringent. This is causing
a drop in the quality of herbal goods due to deliberate and inadvertent
adulteration, drug substitution, etc. As an alternative, it has dangerous
consequences for customers’ health. Hence, it is difficult to control the
standards of the quality of herbal drugs for the improvement of human
health.

Optimization and phytochemical research are done; in addition,
numerous quality control instruments are utilized to ensure the quality
of herbals. For quality assurance, both qualitative and quantitative
metrics are necessary. The analytical techniques utilized for the quality
control of herbal drugs are ultra-violet spectroscopy, HPLC, liquid
chromatography coupled with mass spectroscopy (LC-MS), thin-layer
chromatography, high-performance thin-layer chromatography, etc.

The quality monitoring and maintenance of the quality of herbal

materials are very much important. The pharmacopoeial features
of quality control include product identification, adulterants, and
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substituent, purity, and the assay of the pharmaceutical constituents.
Standardization is the practice of comparing the qualitative and
quantitative properties of herbs to predetermined or defined criteria
and guidelines [52].

The WHO has set a strategy for characterization procedures and techniques
based on ash values, moisture content, microbial contamination,
and chromatographic and spectroscopic evaluations [53,54] for the
characterization of herbal materials.

The recent analytical methodologies are critical for Ayurveda
and traditional medicines to gain worldwide acceptability. A full
and precise pharmacognostic assessment can provide scientific
foundations for the superiority of traditional medicines and Ayurvedic
formulations [55]. Organoleptic tests need physicochemical research
and a pharmacognostical strategy for authenticity and standardization.

The data obtained from the microscopical evaluation can help to find
out the presence of adulterants and confirm pure herbal materials,
preventing genuine herbal materials from getting impure [56].
Furthermore, it will be beneficial for confirming criteria for the
characterization and detection of unorganized crude drugs such as
terpenoids, glycosides, saponins, alkaloids, tannins, and flavonoids
[57,58]. The qualitative and quantitative study using a microscope,
measurement of shape and size, presence of adulterants and
contaminants, moisture content, ash value, chemical constituents,
and other parameters revealed for the first time [59]. In this regards
formulation development of herbal materials in the pharmacopoeia and
other standard monographs can act as an important tool for validation
[60,61]. Just because of the complexity of the herbal materials, unique
procedures and strategies are used to verify their quality, purity, and
integrity. Thermo gravimetric analysis (TGA) and differential thermal
analysis (DTA) are the two thermal processes for measuring thermal
stability, mass measurement, and enthalpy fluctuation and sensitivity
of herbal products [62].

HP-TLC TECHNIQUE FOR THE QUALITY CONTROL OF HERBAL
PRODUCTS

As a primary quality control component, to develop pharmacopoeial
standards of diverse herbal Ayurveda, Siddha, and other therapeutic
herb formulations using HPTLC fingerprinting profiles. HPTLC allows
phytochemical components of formulations to be revealed, as well
as efficacy, safety, and quality assurance [63,64]. Modern analytical
methods such as HPTLC are being employed to estimate herbal
products [65]. Pharmacognostic and phytochemical assays, as well
as physical qualities, are used as quantitative tests for preliminary
examination to identify adulteration and alternatives. The HP-TLC
technique is frequently utilized for quantitative measurement of
phytoconstituents because to its precision and simplicity [66].
Visual identification is achievable even when the number of samples
and references are created in microliter strength, in addition to
chromatograms and fingerprints digital pictures [67]. It is possible
to apply tests and references on the same HP-TLC plate at the same
time, which makes comparative research of herbal medications and
formulations easier [68].The most demanding and complex challenge
in the innovation arena is the quantitative and qualitative identification
of active constituents from herbal materials [69]. Procedures such as
separation with preparative biological activity do not match the speed
of current discovery since they are sluggish and laborious, whereas
modern systems seek simple, precise, and rapid processes.

HP-LC METHODS FOR QUALITY CONTROL OF HERBAL DRUGS

Traditional procedures, which include several isolations, can result in
the active compound’s activity being reduced or altogether lost [70]. As
a result of the analytical technique’s flexibility, depicting components
using HPLC methods is used for the detection of several materials [71].
Herbs and traditional medical preparations made from plant extracts
can be analyzed for pharmaceutical constituents with the help of HPLC
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technology for quality assurance [72]. The components of customary
poly herbal drug compositions are separated [73]. HPLC is a compelling
analytical technology that has been gaining relevance in the analytical
methods of herbs for qualification, quantification, and authenticity. In
autumn, drying procedures, plant source, presence of heavy metal, and
microbial content are the key factors that affect the quality of herbs and
obstruct quality management [74].

HPLC may be a helpful analytical tool for characterization with both
quantitative and qualitative estimation of active chemical constituents
and biological components in a mixture of herbal preparations. HPLC
technology is one of the most accepted techniques for analysis for
the estimation of thermo-sensitive substances contained in herbal
preparations. With RP-HPLC, itis also viable and effective to analyze poly-
component therapeutic herbal preparations. In the detection of various
components in herbal preparations, the HPLC and RP-HPLC techniques
offer enormous reproducibility and simplicity of computerization. The
peaks of the co-eluted components of a mixture of the multi-components
of the herbal materials occur throughout the HPLC procedure of that
mixture under study due to the intricacy of the matrix [75].

SUPERCRITICAL FLUID CHROMATOGRAPHY (SFC) TECHNIQUE
FOR QUALITY CONTROL OF HERBAL MATERIALS

The rising dangers of synthetic compounds and organic solvents to the
atmosphere have necessitated a shift in attention to green chemistry
principles, as well as a rise in the number of techniques and processes
that follow them. Alternatively, SFC is employed to get the primary
component from the products [76].

The mobile phase in SFC is made up of compressed carbon dioxide (CO,)
and a little number of organic solvents such as methanol, with the major
and minor parts being carbon dioxide and organic solvent respectively.

When compared to liquid chromatographic procedures, the SFC method
is more environmentally friendly since it uses fewer organic solvents
and has a lower viscosity of the mobile phase due to the lower pressure
drop. Because organic solvents are very volatile in nature, extreme
caution must be used to avoid dangerous incidents resulting in fires and
explosions [77]. Organic solvents have a high purchasing price and are
difficult to dispose of, which adds to their disadvantage [78].

The SFC method may be used to analyze lipids, flavonoids, phenolics,
alkaloids, saponins, carbohydrates, and a wide range of other analytes.
The study of fat-soluble vitamins is becoming increasingly important.
In comparison to HPLC and GC techniques, this is a quick analysis. The
most essential aspects of the SFC approach are that it takes significantly
less time, utilizes a little number of solvents, and is environmentally
benign. The analytical SFC technique features quick volume equilibrium
and improved lipophilic compound elution. Because there is no water in
the system, the SFC approach for residues from the ionization point has
an advantage. SFC is also known for being an unusual method of sample
preparation. Because of its selective processes and environmentally safe
manner, it also finds use in large-scale enterprises [79]. The working
area of the SFC is free from oxygen, light, and high temperature, so
there is no chance of degradation of the products and therefore the
reliability and superiority of the analytical sample are unaltered prior
to analysis [80].

INDUCTIVELY COUPLED PLASMA-MASS SPECTROSCOPY (ICP-MS)
FOR QUALITY CONTROL OF HERBAL DRUGS

The chemical makeup of medicinal plants plays an important function
in the physiological system of live creatures, and herbal medicine can be
an important source of trace elements for humans.

The constituent present in medicinal plants is determined by the
plant’s ability to accumulate elements and the geochemical character
of the soil. These therapeutic plants serve as a bridge between living
organisms and trace elements. The quality and safety of therapeutic
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herbals derived from nature cannot be guaranteed because of quality
dilutions caused by industrialization, fertilizer, pesticides, harmful
pollutants, and storage.

The trace elements are accessible in two forms in plants: ionic and
non-ionic. The metallic elements that cause toxicity while taken in
large quantities are chromium (Cr), iron (Fe), copper (Cu), cobalt
(Co), and zinc (Zn), but cadmium (Cd), lead (Pb), and mercury (Hg)
are very dangerous even in small amounts [81]. The concentration of
the element of the active chemical constituent of herbal drugs adds
up to both positive and negative impacts on the herbal materials. The
methodologies utilized for analytical and chemometric investigations
on herbs include ICP-MS and partial induced X-ray emission. These
approaches are useful for determining the relationship between the
elemental composition of medicinal plants and their influence on the
treatment of specific diseases [82]. Heavy metal testing is a critical
concern for the quality and safety of herbal materials. The ICP-MS
methods are utilized for the detection of the concentration of trace and
ultra-trace elements, which provides advancements such as element
specificity, detection of multi-isotope, sensitivity, dynamic range, and
the potential of very low detection limits [83].

LC-MS AS AN ANALYTICAL TOOL FOR HERBAL DRUGS

While the HPLC technique is employed unaccompanied, it has significant
shortcomings in the raw material extract in the complicated analytical
process. This disadvantage may be overcome by adopting the LC-MS
approach, which is MS attached to HPLC technique that greatly enhances-
detection sensitivity [84]. The capabilities of the LC-MS technique
include structure elucidation, molecular mass, and fragmentation in
formation, retention time, and multi-component detection. The LC-MS
combination approach may be used to identify, quantify, and regulate
the quality of raw plant material extracts and marketed products [85].

GC-MS FOR QUALITY CONTROL OF HERBAL MATERIALS

Here, GC is coupled with MS. It is used to separate the distinct materials
of chemical compound mixtures. The active constituent of the herbal
extract can be analyzed using the GC-MS method. The GC-MS approach
can be used to determine the essential oil analysis; it can also be
used to determine various components of a molecule as well as drug
metabolites. Although LC-MS is more responsive than GC-MS, it can
analyze heat-sensitive non-volatile components and cannot examine
thermally stable volatile components [86]. In a single study, volatile and
non-volatile components are identified (qualitatively), components are
separated, and distinct chemicals are quantified [87]. It is feasible to
conduct multiple chemical analyses at the same time [88].

PROBLEMS AND CHALLENGES IN MARKETING AND
COMMERCIALIZATION OF HERBAL DRUGS SOURCES OF REPORT

In general, the Council for International Organizations of Medical
Sciences Working Group V recommends that the quality of a report take
precedence over its source. As a result, the worth of a report is judged
by how well it is written, documented, received, recorded, followed on,
clarified, and evaluated, not by who wrote it [89]. However, because the
source of a report can affects the information’s quality and value, it is
an important factor to consider while studying it. The nature, scope,
and even feasibility of any follow-up will be influenced by the source.
The most common sources of information about adverse events and
drug responses are clinical trials and spontaneous reports (voluntary
and unsolicited communications on marketed medicinal products). In
terms of both amount and type, the latter frequently outnumber the
former during a product’s life, especially in severe reports.

Herbal medicine providers should be included in national reporting
systems for prescribing and dispensing medicines, as well as traditional,
complementary, and alternative medicines. Some countries exclude
herbal medicine providers who are not doctors, dentists, pharmacists,
or nurses from reporting systems.
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REPORTS FROM HEALTHCARE PROFESSIONALS

In the post-marketing safety monitoring scenario, adverse drug reaction
reporting systems rely mostly on voluntary reporting by health-care
professionals, particularly those who are intimately connected to the
patient/care consumer (e.g., the patient’s primary health care provider
or specialist). Many herbal remedies account for a significant portion
of non-prescription drugs, and many of them are hurried into this
category after completing post-marketing safety testing as prescription
drugs. Community pharmacists and nurses can help ensure the safety of
these products by working closely with patients and their doctors [90].

REPORTS FROM CONSUMERS

Consumer participation in the use of herbal treatments and herbal
products in health care, as well as their concerns about possible
adverse effects, should be commended. Consumer complaints of
adverse reactions should be taken carefully as a source of information
that can help detect signals for unknown herbal medicine effects.
Consumer reports may be the only source of information about non-
prescription pharmaceuticals, which are frequently taken without
consulting a doctor. When it comes to herbal remedies in the non-
prescription medical setting, consumer reporting is critical [91].
Consumer reporting, in some form or another, is critical if enough risk
information is to be acquired. At present, only a few national regulatory
organizations specifically require the collection of direct consumer
reports.

MANUFACTURERS

Manufacturers of herbal medicines may be able to provide information
about the side effects associated with their products. As part of its
regulatory framework, manufacturers in some countries are obligated
to disclose bad incidents. Consumers can make complaints directly with
companies or their agents. A customer may call a company for a variety
of reasons other than fear of a negative outcome. Among these are
legal difficulties and, most typically, requests for further information
about the goods. Several industry programs that solicit information on
adverse responses are another source of consumer complaints, such
incidents are not considered spontaneous reports.

REPORTS FROM OTHER SOURCES

As a side effect of herbal medicines, toxicity to the following substances

has been observed.

e Innations with limited resources and no pharmacovigilance center,
a poison center could play an important role in pharmacovigilance
and safety monitoring of natural medicines.

e Druginformation centers can also operate as the first point of contact
for clinical information. National pharmacovigilance centers and
comparable organizations should be able to communicate effectively.

e Consumer advocacy organizations get complaints about any product
on the market and may be able to acquire relevant information on
herbal treatments.

HERBAL PRODUCTS TARGETED FOR SAFETY MONITORING

To acquire a complete picture of herbal items, it’s helpful to conceive of
them in terms of the following categories:

Herbal medicines can be classified into two categories, one for use
in the prescription medicines category and one for non-prescription
medicines.

REPORTING OF SUSPECTED ADVERSE ACTIONS

Even though these guidelines utilize the phrase “national
pharmacovigilance center,” it is well known that in some countries, the
national pharmacovigilance system is made up of a network of national
and regional centers. In accordance with the unique national reporting
system, reports should be sent to the appropriate center.
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The following individuals should submit reports.

e Any findings should be reported to the national pharmacovigilance
center by physicians, pharmacists, and nurses who prescribe herbal
drugs.

e In most cases, patients/consumers should tell their doctors or
herbal medicine providers. They may also report directly to the
national pharmacovigilance center, consumer advocacy groups, or
manufacturers.

e Manufacturers should directly notify their country’s
pharmacovigilance center or regulatory authorities.

THE NEED FOR STANDARDIZATION OF HERBAL/TRADITIONAL
MEDICINE

The main purpose of standardizing herbal extracts is to ensure that
double-blind clinical trials have as much control as feasible. Herbalist
Bob Brucea believes that standardization offers benefits. It is always
producing a high-quality product using reliable ingredients. When it
comes to the quality of most commercial herbs, standardization assures
that they contain something and that the correct plant is being used.
Many herbalists consider the benefits of standardized herbal products
greater accepted by more people, such as doctors and pharmacists, who
are accustomed to uniformity and active ingredient concentrations. If
phytopharmaceuticals are to be deemed reasonable medicines, they
must be standardized and pharmaceutical grade verified, according
to Dr. Rudolf Bauer, one of Germany’s leading botanical research
experts [92]. Most buyers and even many producers believe that
standardization is a relatively new phenomenon brought on by the
application of current “state-of-the-art” scientific processes to the
manufacturing of herbal goods. They would be surprised to learn that
the desire for standardized goods has been an industry rallying cry for
at least three centuries [93]. In the historical meaning, some producers
still refer to a herbal extract made to a constant standard, such as a
specific extraction ratio, master recipe, or standard operating process.
Customers and the media have been primarily persuaded by marketers
that standardization means the product contains a specific level of
“active ingredient.”

CHALLENGES IN STANDARDIZATION AND DESIGNATING MARKERS

The American Herbal Products Association has now issued some
helpful information [94]. The collection of data and controls required
to provide content with a reasonable level of uniformity is referred to
as “standardization.” To limit the inherent variety in natural product
composition, quality assurance processes are used in medicinal plan
thus ban dry, extraction, and formulation creation. Standardization
provides batch-to-batch consistency, validation of the exact amount
of extract per dosage unit, and positive control to highlight possible
loss or degradation during manufacturing. While ensuring uniform
marker content is an important aspect of standardization, it does
not automatically indicate a standardized product. Standardization
involves stringent quality assurance of both raw materials and
manufacturing processes [94]. Standardization includes all steps that
lead to a reproducible product without the use of foreign substances
(excipients, isolated active principles, etc.).

Others take this in a negative way, supposing it means the product is a

synthetically changed extract in which:

1. At the cost of all other ingredients, one or more compounds have
been extracted and/or concentrated. Or

2. Toreach the declared marker content, the extract is spiked with pure
chemicals. or

3. Fractionation and isolation methods produce a material that is no
longer natural, but rather a pharmaceutical medicine.

At the heart of the standards, the argument appears to be a great deal
of confusion and doubt about what standardization is for and what the
process requires. The chemical composition of botanicals varies greatly
depending on the species. Wine and coffee have distinct flavors, aromas,
and physical characteristics that vary from year to year and region to
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region, which makes for an ideal comparison. The ultimate chemical
profile of a plant and the presence of a certain marker can be influenced
by a variety of factors, including intrinsic ones like genetics and external
influences like growing, harvesting, drying, and storage conditions.
For example, a common garden breeding study of multiple St. John’s
wort accessions found significant variation in marker content not just
throughout growing seasons, but also between the same accessions
grown at different sites and between different accessions farmed at the
same site. This inherent variability in the chemical makeup of herbs
is a major issue, especially for researchers who need to use items of
consistent potency to achieve reproducible results. Quantifying the
hundreds of chemical components found in herbal material in a timely
and cost-effective manner is unachievable with current technology. The
compromise solution to this problem is to select a marker compound or
compound and then ensure that each batch contains the same amount
of those compounds (s). The concept behind this way of preserving
consistency is that the quantity of other components fluctuates in
proportion to the marker compound and that if each batch contains the
same standardized amount of marker, the content of other constituents
will be reasonably consistent as well. The market’s focus on marking
content and homogeneity has benefited unscrupulous entrepreneurs.
Adulterated items are much easier to pass off to companies that only
check for marker content. The ambiguity of the term “standardization”
invites questionable, if not outright fraudulent, behavior. For example,
an extraction ratio of 10:1 means that 10 kilograms of plant material
was removed to produce 1 kilogram of native extract or 10% extractives.
When one kilogram of the extract is recovered from 100 kg of plant
material, the proportion of extractives is very low (one percent), but the
extraction ratio is quite high (100:1). Such “high strength” extracts can
only be obtained using more selective, less polar solvents that will only
extract certain molecules or a subset of the plant contents. As a result,
while such products may appear to have “high potency,” they may only
contain a few chemicals and lack medical value. In addition, the residual
plant material or marc can be extracted using more polar solvents to
produce an extract with many of the usual components. In this way,
one batch of plant material can be used to make two bogus products:
A “high strength” extract and a “standardized” extract [95]. Marker
compounds are one or more constituents found naturally in botanical
materials that are chosen for special attention by a researcher or
producer. Marker compound amounts, as well as the marker compound
(s), are frequently chosen at random.

Several factors may have an impact on this decision, including:
The constituent’s stability(s)

Analytical ease on a technical level

Time and money spent on analysis

Useful for confirming botanical identification.

Relevance to therapeutic impact (possible)(s)

Quality or stability indicator for a product

Other manufacturers or researchers have used it before.

Markers aren't necessarily made up of “active” ingredients. It's
possible that the “actives” are unknown, or that the active compounds
are extremely unstable or difficult to study. Markers can be used to
help determine the correct species (e.g., echinacoside for Echinacea
angustifolia) or chemotype (e.g., echinacoside for E. angustifolia)
identification (parthenolide for Feverfew, Tanacetum parthenium).
Plant components such as flavonoids and ferulic acid, for example,
can be used as indicators of product quality during manufacturing or
product stability during storage. In some cases, more than one element
or a class of constituents may be used as marker compounds.

This could be due to difficulties with analysis, advances in scientific
knowledge/technical capabilities, or the use of various markers for
various purposes. The “active ingredient,” as defined by the WHO/
EC, is the entire plant or herbal blend. Experts from across Europe
have agreed on a new set of words that identify and distinguish the
many functions of marker chemicals. The terms utilized are active
principle(s), active marker(s), analytical marker(s), and negative
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marker(s). Active principles are chemically well-defined compounds
with well-understood pharmacological action, and they are widely
regarded as essential contributions to the therapeutic impact. Only few
plants fall into this category, in which the product’s potency is regarded
to be highly connected with the active principle content, allowing for
content modifications. A much larger group includes plants for which
active markers have been identified. Active markers are chemically
identified pharmacologically relevant factors that contribute to efficacy
but have not yet been demonstrated to be solely responsible for clinical
efficacy. The bulk of herbs fall under the third category, which comprises
plants that have yet to be identified as having active principles or active
markers. Analytical markers, such as distinctive compounds or major
constituents, can be used to define content ranges in certain situations.
Allergies, toxins, and chemicals are examples of negative indicators that
interfere with bioavailability. Negative markers can be used to detect
potentially harmful botanicals, unappealing botanical varieties, or
chemical races, as well as unwanted components. Compounds having
confirmed in vitro action are typically chosen as indicators based on
current scientific knowledge, although other, unknown components
maybe more important in determining potency. The amount of marker
compound to be employed is usually decided at random, often based
on the marker’s average content in the raw material or semi-purified
extract. As a result, marker selection and application are haphazard
and uncontrollable. In terms of the markers utilized and the amount
of marker targeted, there are several differences across brands. For
example, Panax ginseng products are considered to be standardized to
contain somewhere between seven and seventy percent ginsenosides.
Kava (Piper methysticum) products are said to contain 30 to 70%
kavalactone. Milk thistle (Silybum marianum) products reported
“standardized” marker content ranges from 30 to 80% silymarin or
silybin.

Some Echinacea purpurea products are controlled to contain a set
quantity of “total phenolic,” while others are standardized to contain
a certain proportion of citric acid. From a scientific standpoint,
standardization of total phenolic content is absurd for a variety of
reasons. Phenolics are a huge and poorly understood chemical class that
could account for half of all plant components. For example, chlorogenic
acid is a common plant component with no immunostimulant effects.
Although the media’s concerns may be a byproduct of the wide range of
approaches used to analyze marker content, standardization has been
prominent in the public eye, particularly in terms of allegations about
marker content. In response to the controversy, several stakeholder
discussions have focused on the industry-wide adoption of established
methodologies and certification of product quality. While the substance
of the marker is important, many people neglect the fact that the plant
must be dealt with first and foremost. This is useless if the plant is not
the right one or the plant material is not pure.

The industry’s focus on marking content also makes it easier to commit
fraud. Methods, method validation, and implementation issues arise in
the context of identity and purity research. In the case of identification
testing, there is also a significant discrepancy between the best scientific
method and the procedures used by the industry. More research is
needed in the domain of purity testing to establish if standard purity
tests are accurate in detecting impurities in botanicals, particularly
finished items. Three other cross-cutting concerns have emerged. The
need for authorized reference sources, national quality standards, and
pharmacognosy education and training.

AWARENESS OF GOVT. SCHEMES AND SUPPORT

The herbal medicine market is dominated by small and medium-sized
firms, and many of these businesses and entrepreneurs are ignorant
of the government’s activities and support for the industry. Due to a
lack of education and awareness, India lacks quality control and good
agriculture and collection techniques. Growers aren’t well-informed on
GACP and aren’t aware of it. Furthermore, because providing education
and essential information requires operational costs, competent

Asian ] Pharm Clin Res, Vol 15, Issue 12, 2022, 31-41

management, and time, industries and associations are not interested
in doing so. Proper branding and distribution of herbal drugs to medical
experts and the public through print and electronic media are equally
difficult jobs to boost product sales and revenue generation [5].

A survey on the regulation and commercialization of Indian herbal
drugs found insufficient standardization and quality control of raw
materials and finished products, insufficient regulatory guidelines
concerning GMP, non-application of GACP, weak implementation of the
DCA-1940, and diverse regulatory requirements in different countries
[5]. Most of the raw plant material is historically imported from China,
India, and Eastern European countries by companies producing
herbal pharmaceuticals all around the world. As the industry evolves,
companies have implemented additional quality control measures
such as testing facilities for active chemicals, purity, and bacterial
contamination. For marketing authorization, the Indian DCA (1940)
does not require any safety or efficacy trials, although other countries’
laws are more stringent [96]. Most Indian herbal remedies are promoted
as dietary supplements in the US because the US DSHEA (1994) does
not require the submission of any safety or efficacy proof for marketing
permission [5]. A key element affecting the quality of herbal medicinal
goods is the lack of adequate regulatory rules for the manufacturing
process. Even though GMP compliance is required under Schedule T of
the DCA (since 2006), only a few firms in the Indian herbal sector follow
GMP (1940) [97,5]. Unlike “prescription medications,” which are mainly
controlled by physicians, most traditional medical goods in India are
sold as over-the-counter drugs, and their market is typically affected
by advertisement and client desire [5]. To gain a firm presence in both
the domestic and foreign markets, it is also vital to generate evidence-
based data on the safety and efficacy of herbal products [12]. India must
deal with well-planned plant cultivation, postharvest technologies, and
plant processing, as well as high-tech manufacturing, quality control,
research and extension, patenting ease, and an effective plant marketing
strategy. For efficient worldwide commercialization, governments must
harmonize their regulatory frameworks. Traditional herbal therapies
that have gained traction in China and the Indian subcontinent require
special and quick attention, as they will soon be ruling over the entire
planet.

CONCLUDING REMARKS AND FUTURE DIRECTIONS

Herbal medicine makes a very tiny contribution to modern healthcare,
which now has a market worth billions of dollars. This study looks
at the scope and potential of herbal pharmaceuticals, as well as the
problems and obstacles that herbal pharma production companies are
now facing. The situation has now altered, and herbal treatments are
becoming increasingly popular due to their great efficacy, safety, and
synergistic effect. Herbal medication formulation stability is a crucial
concern because it impacts the quality and efficacy of the drug. Novel
tactics for minimizing drug instability, such as the use of suspension,
biodegradable cellulose, therapeutic proteins, nanoparticles, and
emulsifiers, can be particularly beneficial. When it comes to medication
stability, preventing drug deterioration due to environmental factors
is also a big problem [20]. Proper requirements, including packaging
and container, must be followed to ensure medicine stability. Because
side effects and toxicity of herbal treatments have been documented,
such as kidney damage, stone formation, acute neuropathy, and
newborn mortality, pharmacokinetics and ADME research is crucial
to ensuring herbal therapies’ efficacy, toxicity, and safety profile.
The most important stage of herbal medication development, which
includes clinical trials and ethics, validates efficacy, safety, and toxicity
levels [20]. To compete with current allopathic treatments and survive
in the international drug market, such confirmation is required.
Competent authority regulations for herbal medication quality and
safety requirements are critical for herbal medicine manufacturers to
preserve the quality of their goods [98]. Due to a lack of regulations,
herbal producers, industries, and growers are unaware of appropriate
agriculture and collection methods (GACP) as well as correct storage
practices. It's worth noting that only herbal pharmaceuticals that
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follow international rules and GACP criteria have a chance to flourish
and establish themselves in the worldwide market. Due to flaws and
shortcomings in quality production, standardization, business law,
and regulatory requirements, commercialization, and marketing of
herbal drugs are the hardest and most arduous tasks in today’s drug
period [39]. Poor raw material quality, microbiological contamination,
and heavy metal deposition hamper the Indian herbal treatment
market at every stage of production, from cultivation to manufacturing.
Such concerns hamper the herbal industry’s growth, and the FDA
prohibits slow-quality and tainted drugs from accessing the global
market [99]. Herbal drug manufacturing is a continuous process that
follows WHO recommendation to implement GACP and GMP to ensure
the standard and quality of herbal medicines [100]. To avoid any
delays in new drug registration, proper application of drug-controlled
authority laws through establishment harmonization is required.
Herbal companies, manufacturers, and entrepreneurs should be aware
of the government’s business and market growth strategy and support
high-quality, safe medications, which are updated on a regular basis.
Herbal medicine makes a very tiny contribution to modern healthcare,
which now has a market worth billions of dollars. This is due to a lack
of knowledge, technical, and regulatory challenges, a lack of research
motivation, pharmaceutical companies, and the industry’s little market
engagement.
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