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ABSTRACT

Researcher: Jasmine Walton

Committee Members:

Dr. Robyn Sodders
Number of Pages: 97

Introduction: Approximately eighty percent of the world pop-
ulation uses some herb for medicinal treatment. Herbal formulas must
meet rigorous standards for characterization that validate high quality,
safety, and efficacy. The objective of this scoping study was to inven-
tory and identify existing methods and techniques used to standardize
and characterize the bioactive phytochemical ingredients in herbal for-
mulas.

Method: This scoping study conducted an intensive search of
scientific literature on the standardization and characterization of
phytochemicals in herbal medicine. Selecting specific keywords and

MeSH terms, we used two databases, PubMed and Google Scholar,
with a particular focus on studies released within the past 15 years.

Results: We found that there is insufficient information about
the synergistic effect of the bioactive components of each herb in a for-
mula, There were 47 different characterizations, and 48 standardiza-
tion techniques identified. Three of the characterization techniques
made up roughly 55% and eight standardization techniques mad up
approximately 49% of utilizations.



Discussion: The three techniques include Mass Spectrometry,
High Performance Liquid Chromatography, and Liquid Chromatog-
raphy. The prevailing techniques were used multiple times as comple-
ments to and pairings with the lesser utilized techniques. This falls
significantly below what is required to keep pace with the growing de-
mand for herbal formulas. There were about 58 standardization tech-
niques used about 8 were the most prevalent. These include metabo-
lomics. Standard operating procedures, pharmaceutical standards,
markers, fingerprinting analysis, chemical profiling, good manufactur-
ing practices and quality control assessments.



CHAPTERNE

Introduction and Background

Early Uses of Medicinal Plants and Herbs

For millennia, humanity has turned to the natural world for rem-
edies and treatments, with plant herbs at the forefront of these medic-
inal pursuits (Chevallier, 2016). The historical archives of different
civilizations confirm the importance of plant herbs and provide useful
descriptions on the various efforts aimed at using plants to cure human
ailment (Chevallier, 2016). For example, the clay tablets from ancient
Mesopotamia and the papyrus records from ancient Egypt, are filled
with lists of medicinal plants (Christensen, 2018). Documents like the
Egyptian Ebers Papyrus not only provide insights into eatly herbal
practices but also reveal an understanding of ancient cultures regard-
ing the therapeutic potential of herbs (Metwaly et al., 2021). These
age-old texts list various ailments and their herbal treatments, reflect-
ing early ventures to systematically categorize and apply herbal
knowledge (Petrovska, 2012).

In the vast landscapes of India and China, many herbal traditions
have a profound resonance. Ancient Indian Ayurvedic texts, such as
the Charaka Samhita, offer intricate details about a myriad of herbs
and their medicinal properties. (Charaka-Samhita -- Britannica
Online Encyclopedia, 2019). The historical uses of herbs found in ar-
chaeological sites of ancient China offer a glimpse into the early origins
of traditional herbal Medicine (Hardy et al, 2021). Legendary em-
peror Shennong, who is credited with documenting the uses of 365
medicinal plants in the seminal work entitled, “Shen Nong Ben Cao
Jing,” tasted hundreds of hetbs to discern their medicinal properties,
documenting his findings around 200 CE in his booK (Shou-Zhong
et al., 1998). This rich and vast list of herbal wisdom, interwoven



across different cultures and epochs, underscores the profound rela-

tionship between humanity and the botanical realm (Shou-Zhong et
al,, 1998).

Traditional Chinese Medicine (TCM). is a holistic healthcare
system with roots extending thousands of years back to Emperor Qin
Shi around 221 BCE (Ji, 2014 pgl). It is a testament to China's pro-
found understanding of health, wellness, and the interplay between
humans and their environment (Ji, 2014 pgl). Traditional Chinese
Medicine is not just a collection of remedies or treatments; it embodies
an intricate philosophy that is built on principles of universal balance
based on yin and yang and the interactions between the mind, the body
and the environment (Maciocia 2014, pg. 41). This ancient system en-
capsulates various modalities, from acupuncture and moxibustion to
Qigong and dietary therapy (Guang-ren 2014, pg. 9). Herbal formulas
stand as a cornerstone for complimenting these diverse practices and
combining the wisdom of ancient sages with the healthcare needs of
modern individuals (Guang-ren 2014, pg. 9).

However, despite this rich legacy, herbal formulas face significant
challenges in standardization (Parveen et al., 2015). As we begin to
integrate traditional herbal knowledge with modern medical practices,
the need for standardized method to characterize herbal formulas be-
comes paramount and crucial (Pandey & Tripathi, 2013). While an-
cient philosophers and practitioners may have successfully relied on
empirical observations and oral traditions, today's conventional West-
ern medicine demands a more rigorous scientific validation (Mandal
et al,, 2021). Unfortunately, there is a gap between the historical prac-
tices and the modern-day rigor of scientific validation (Mandal et al,,
2021). Bridging this gap requires not only an appreciation for the his-
torical depth of herbal medicine but also a forward-looking approach
that scientifically verifies the safety, efficacy, and consistency of herbal
formulas used in medicinal treatments (Kumari & Kotecha, 2016).



Classical Chinese Medicine Representation

For thousands of years, people have used plants as a way of maintain-
ing good health and as remedies for addressing and preventing diseases.
However, the most developed and successful use of herbs for health
maintenance and prevention can be attributed to China (Shou-zhong,
1998). The earliest recorded emphasis on herbs as a means of disease

prevention and promoting longevity dates to the Qin dynasty (221-
206 BCE). (Zhong, 1999).

Around the Qin dynasty, records indicate that the earliest classic
writings, generally deemed to be the greatest seminal works that cen-
tered on the use of plants to achieve a healthy, long life, include the
work by Huang Di, “The Yellow Emperor’s Classic of Medicine”. This
work, also recognized as the Neijing, is considered to consist of two
parts: The Suwen and Lingshu, which focuses on the best way of life,
with an ultimate focus on living in harmony with the universe (INj,

1995). This work laid the foundation for medical theory (Ni, 1995).

Another seminal classic work, Shen Nong Ben Cao Jin, builds on
The Yellow Emperor’s Classic of Medicine and focuses on achieving
the best way of life through the use of plants and animals as herbal
Medicinals (Shou-Zhong, 1998). A year later, another seminal work
that complemented the works of Huang Di and Shen Nong, “The
Shang Han Lun, On Cold Damage”, added to the focus on medicinal
herbs, as a way of maintaining good health and as a way of preventing
disease (Zhong, 1999). The development and expansion of these three
seminal works set the stage for a written philosophy known as Taoism
(Zhong, 1999). Taoism has provided an ethical foundation for guid-
ing the evolution of Traditional Chinese Medicine and the expanded
the ideals relating to the best way of life (Zhong, 1999).

While the different texts use different approaches, they all agree
that Chinese herbs, or materia medica, are essential to maintaining



health and preventing disease. Each approach aims to help human be-
ings achieve the best way of life (N1, 1995). Traditional Chinese Med-
icine (TCM). is founded on the Taoist philosophy, which states that
the universe stems from a potent force called gi (Ni, 1995). This qi is
split into two; yin qi and yang qi, which are symbiotically connected
(Ni, 1995). Taoism is based on the concept of yin and yang, which is
believed to be the foundation of the universe (Ni, 1995). Yin and yang
create life and signify both the beginning and the end (Ni, 1995).

The perfect yang qi rises to form the heavens, while the imperfect
yin gi descends and hardens to create the planet Earth (Ni, 1995). Yin
and represent two sides of energy (Ni, 1995). Yin is calm, dark and
less active energy; while yang is bright and active energy (Ni, 1995).
Yang is important for things that needs to expand and grow, whereas
yin helps to shrink and tie things together (Ni, 1995). In their con-
cepts, yang is the energetic side of life, while yin is the origin of this
potential and is nourishing (Ni, 1995).

The interaction between yang gi and yin qi is essential to main-
taining balance in the universe and within humans (Ni, 1995). The
equilibrium and the interplay of yin and yang can be seen with the
changes of cosmic energy (Ni, 1995). This philosophy illuminates a
deep interdependence between human existence and the world around
us (N1, 1995). Humans are at the center of universe and are connected
to the heavens above and earth below (Ni, 1995).

TCM views life holistically, seeing all things in the universe inter-
connected to form a united whole (Ni, 1995). It underlines that we
need balance and harmony between humans and nature (Ni, 1995).
Humans are born of the universe and are therefore subject to the laws
of the universe (Ni, 1995). How we relate to the environment, how
we live, and spiritual health are important to the quality of human life

(Ni, 1995).

A brief explanation of these natural laws, related to the four sea-
sons, offer a view of the core principles that are the basis of TCM (Nj,
1995). It points to these principles still being important since its start



in the 220s BCE, despite many pre-Western developments (Ni, 1995).
The primary reason for their continued relevance is that Chinese sci-
entific and technological approaches have always placed value on bal-
ance and harmony between humans and the environment (Ni, 1995).

The Earth’s orbit around the sun creates four seasons and five cli-
matic elements (Ni, 1995). These climatic changes also produce path-
ogenic evils that can lead to health issues (Ni, 1995). Therefore,
achieving longevity and good health requires us to adjust our life pat-
terns according to the changing seasons to follow the laws of the uni-
verse (Ni, 1995). Following these natural laws bring about health and
long life, while disobeying them can lead to diseases (Ni, 1995).

The energy from the heavens naturally moves around and meets
with the energy from earth; when higher energy descends and lesser
energy ascends, they mix and bring about the four seasons (Ni, 1995).
The cyclic changes of yin and yang across the seasons explains why life
starts, grows, multiplies, matures, and ends. Respecting these natural
laws helps to prevent diseases, as shown by the ancient Chinese who

treated illness preemptively (Ni, 1995).

Each season causes different changes and impacts: spring starts a
new beginning, summer is characterized by abundance, autumn brings
ripeness for harvest, and winter is a period of dormancy (Ni, 1995).
Not respecting these seasonal changes can cause unique health issues

(Ni, 1995).

Students and practitioner of Chinese medicine may be amazed to
find how little Chinese medicine has changed since the time the Nei-
jing was written (Ni, 1995). Natural therapies and preventive ap-
proaches are ever as effective and even more pertinent in today’s drug-
oriented medical environment (Ni, 1995). They offer a heartfelt and
viable approach to the perception and treatment of illness (Ni, 1995).
This is especially true in the battle against chronic, degenerative, in-
fectious, and deficient medical conditions (Ni, 1995). Traditional
Chinese medicine is very promising as an effective alternative to con-
ventional medicine. (Ni, 1995).



Ironically, throughout the Chinese-speaking world, Western
medicine has become recognized as the mainstream medicine due to
its scientific values, which dominate all fields of learning, with educa-
tion closely modeled on Western models (Zhang, 1999). Despite this,
there is hope in China that by discovering the bioactive scientific com-
ponents of herbs, traditional medicine will evolve into a scientific dis-
cipline that can be integrated with modern medicine (Zhang, 1999).

It is important to note that the three seminal classical texts of
Traditional Chinese Medicine, “The Yellow Emperor’s Classic of
Medicine”, “Shen Nong Ben Cao Jing”, and “Shan Han Lun” all made
significant contributions to TCM. Each of them has a different ap-
proach to achieving the health of humans.

Huang Di, The Yellow Emperor, addressed the subject in the
most all-encompassing manner by expounding on a comprehensive
medical theory that enables the best way of life (N1, 1995). To achieve
this way of life, one must live in harmony with the laws of the universe

(Ni, 1995).

Shen Nong, one of the three greatest heroes in Chinese culture,
observed that the Yellow Emperor’s discussion on the best way of life
was primarily based on the food that one eats (Shou-Zhong, 1998).
In the book, “Shen Nong Ben Cao Jing,” Shen Nong, recognized the
importance of food because it provides the foundation of the post-na-
tal qi (Shou-Zhong, 1998). Therefore, he focused on the Chinese
herbs, which included both plants and animals (Shou-Zhong, 1998).

Shang Han Lun is a significant text in Traditional Chinese Med-
icine (TCM). The focus of the book entitled, “On Cold Damage,” pro-
vided an in-depth examination of diseases and was compiled by Zhang
Zhongjing during the Eastern Han dynasty, around 220 AD (Zhang,
1999). The Shang Han Lun is devoted to externally contracted dis-
eases and their treatments. This text does not focus on treatment using
acupuncture. Instead, it focuses on a highly sophisticated use of me-
dicinal herbs to address disease (Zhang, 1999). The Shang Han Lun

classified diseases into six stages based on the external relationships of



Yin and Yang. These six stages ranged from the mildest to the most
severe. Zhang Zhongjing developed 113 herbal prescriptions (Zhang,
1999). This work laid the foundation for understanding disease pro-
gression, treatment principles, and herbal formulations in Traditional

Chinese Medicine (Zhang, 1999).

It is important to acknowledge that the practice of Chinese med-
icine is based on a philosophy that is thousands of years old, and the
present-day practice has not significantly changed from that of its orig-
inal creation (Shou-zhong, 1998). It is also instructive to note that
Chinese medicine, rooted in the past, has for centuries looked back to
its formative period, and even today a sound knowledge of the classics
is essential for gaining a firm understanding of Chinese medicine

(Shou-zhong, 1998).

Students and practitioners of Chinese medicine continue to rely
on the classics as the best way for one to gain knowledge of the practice
of TCM; and because of that, the Western wotld, with its many sci-
entific and technological advances, tends to be lukewarm towards Chi-
nese medicine. However, a simple comparison of life expectancy be-
tween the East and the West provides evidence of the success of TCM.
According to the United Nations in 2021, United Nations World
Population Prospects, the life expectancy in China was 85.49 years,
compared to 78.9 for the United States (United Nations, 2021).
While the East has been reluctant to change the practice of TCM for
fear of losing its ethical and philosophical foundation, a narrow scien-
tific focus on herbs and herbal formulas may allow for scientific ad-
vancement without changing the core philosophy and ethics (Tian et
al,, 2021). Through more scientific analysis, it may be possible to find
a way to, precisely, measure the impact a specific formula has on a pa-
tient. While there have been some scientific advances in herbal use,
there is still a lot of variation in the way individual practitioners pre-
scribe formulas. Through scientific analysis, it is possible to standard-
ize the use of herbal formulas and better characterize the specific im-
pact a formula will have on a specific individual patient. This could
increase herbal safety, efficacy, and reliability, thus enhancing the use
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of Chinese herbs without losing important ethical standards (Tian et
al, 2021).

However, the main challenge still facing herbal use is the absence
of universally accepted methodologies to characterize all the bioactive
compounds present in herbal medicines (Rebiai, 2022). This gap not
only prevents the accurate identification of these compounds but also
presents an obstacle to ensuring consistency across batches. Without
standardization, two batches of the same herbal medicine could vary
significantly, leading to inconsistent treatment outcomes, (Mishra &
Tiwari, 2022) These inconsistencies undermine the trust in herbal
treatments, potentially sidelining them and preventing future ad-

vances in TCM.

Evolution of Western Biomedicine

The evolution of Western biomedicine was deeply influenced by
the teachings of the most notable and recognizable names like Aristo-
tle and Hippocrates. Aristotle was born in 384 BCE and died in 322
BCE. He made extensive contributions across many disciplines, in-
cluding ethics, and is recognized for providing the foundation for com-
parative anatomy and embryology. His views would go on to influence
scientific thinking for the next 2,000 years (Lennox, 2021). Hippoc-
rates marked a paradigm shift from spiritual and holistic interpreta-
tions of health to a more empirical and observation-based approach
(Silvano, 2021). This philosophical foundation was further enriched
during the Renaissance, a pivotal era characterized by groundbreaking
advances in human anatomy and physiology, and the gradual embrace
of dissection and autopsy practices. These developments not only
transformed medical understanding but also paved the way for the
modern scientific approach to medicine (Francia & Stobart, 2014).

The Renaissance was a turning point in the evolution of Western
biomedicine. It was defined by the interest in human anatomy and
physiology, which led to revolutionary advances like dissection and
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autopsy (Bambach, 2001). These advances facilitated a fundamental
shift away from the practices of medieval medical doctrines. This era
played a significant role in the progress of anatomical knowledge and
greatly advanced the sophistication of medical science. (Bambach,

2001).

The 19th century heralded a significant milestone in Western bi-
omedicine with the decline of miasma theory and the rise of germ the-
ory (Risse, 1993). This period saw a major shift in medical undet-
standing, suggesting that diseases were caused by microorganisms.
Such a shift profoundly impacted public health strategies, hospital
management, and laid the groundwork for the fields of epidemiology
and bacteriology (Germ Theory - World History Encyclopedia,
2023). This era was marked by significant advancements in laboratory
techniques, vaccine development, and improved sterilization and hy-
giene practices, moving medicine away from superstitions towards a
more evidence-based approach.

The discovery of X-rays by Wilhelm Conrad Rontgen in 1895
revolutionized medical diagnosis. This non-invasive technique for ob-
serving the body's internal structures initiated a new era in diagnostic
medicine and paved the way for modern radiology (Panchbhai, 2015).
This period also saw major strides in combating diseases like malaria,
highlighting the remarkable success of medical research in public
health crises and setting standards for future disease control and erad-

ication (Silvano, 2021).

In 1796 Edward Jenner found a way to inoculate an eight-year-
old boy against smallpox by using a vaccine. After this discovery, vac-
cines grew very quickly to combat the deadliest diseases, including
smallpox, rabies, tuberculosis and cholera. With the advance of vac-
cines, millions of lives have been saved (King, 2023).

Western biomedicine continued to expand rapidly in addressing
medical challenges, including providing esthesia to perform surgery on
patients. In 1846, William T.G. Morton made history when he
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successfully used an aesthetic during surgery. This was followed by the
introduction of chloroform, a fast-acting anesthetic (Britannica, 2023).

Philosophical debates in medicine, as discussed in academic arti-
cles, emphasize the ongoing tension between reductionism and holism,
and realism and antirealism (Francia & Stobart, 2014). These debates
question whether diseases should be studied in their smallest compo-
nents or as larger holistic systems, and whether disease-causing enti-
ties are tangible realities or mere conceptual constructs. Such discus-
sions impact perception and treatment of diseases, forming the foun-

dation of contemporary biomedical practice and research. (Basser,
2017).

In the field of bioethics, traditional principles have evolved, re-
flecting a shift from protective to proactive and participatory ap-
proaches in patient care and rights (Basser, 2017). This evolution sig-
nifies a transformative approach in biomedicine, emphasizing patient
empowerment, the continual relevance of medical practices, self-ex-
pression in healthcare choices, and a broader understanding of justice

in terms of global healthcare citizenship (Basser, 2017).

Today's biomedical model prioritizes a comprehensive under-
standing of health and medicine, acknowledging the importance of di-
verse perspectives and experiences in healthcare (Basser, 2017). It pro-
poses a balance between individual and collective identities in
healthcare, underscoring the influence of community and cultural fac-
tors. This model also emphasizes maintaining standards of objectivity,

ensuring that biomedical practices are based on reliable and unbiased
evidence (Basser, 2017).

The historical analysis of medicinal plants in Western medicine,
particulatly through the lens of traditional texts like "Shengnong Ben-
cao Jing," highlights the evolution from ancient sensory methods to
contemporary analytical techniques like HPLC and GC (Fitzgerald et
al., 2020). This transition from traditional to scientific approaches un-
derscores the importance of standardization in ensuring the efficacy
and quality of herbal medicines.
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In summary, Western biomedicine, from its roots in ancient
Greek philosophy to contemporary scientific practices, demonstrates
a remarkable evolution. This journey highlights the integration of tra-
ditional wisdom with scientific advancements, shaping the current ap-
proach to healthcare and undetlining the importance of balancing his-
torical knowledge with modern scientific methodologies in addressing
the complexities of global healthcare challenges.

While Western biomedicine has advanced more rapidly than
Eastern medicine, their histories show signs that they remain inter-
twined. Western medicine advanced toward science and evidence-
based approaches and Eastern medicine rests its effectiveness on past
practices. However, both rely on the use of herbal formulas.

In ancient times, identification, preparation, and analysis of me-
dicinal plants relied heavily on ancient texts like "Shengnong Bencao
Jing" (Shengnong Materia Medica, 25-220 CE). This text organized
and evaluated 365 single herbs and 113 herbal formulas, mostly based
on flavor profiles. The use of organoleptic senses helped in the func-
tion and application of the medicine. This was a period of empirical
knowledge that was closely tied to human senses. While contemporary
methods somewhat surpass these old methods, they still established a
foundation for systematic plant analysis. This exploration into the ear-
liest practices of herbal medicine, using common parts of the plant and
simple preparation methods, mainly serves to highlight the founda-
tional role of traditional knowledge in the development of Western
herbal medicine. The use of leaves and roots, along with concoction
and decoction techniques, underscores the historical knowledge of
plant properties and their therapeutic applications, forming the basis
for modern herbal medicine analysis and use.
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CHAPTER TWO

Explaining The Scoping Study

This paper aims to contribute toward facilitating the formation
of a bridge between historical TCM practices, which are often impre-
cise regarding their impact, and an evidenced-based system where the
quantity and type of medicinal herbs are scientifically validated to de-
termine their precise impact on specific illnesses or diseases. The pa-
per will focus on existing methods and techniques currently being used
for establishing the characterization and standardization of herbal for-
mulas and will provide a structured framework for compiling the in-
formation. It will examine and compare the current methods and tech-
niques that can be useful in advancing and enhancing the overall in-
dustry involved with characterization and standardization. The paper
will illuminate the obstacles and challenges facing the industry. It is
hoped that the paper will result in a small contribution toward the en-
hancement of scientific characterizations and lead to greater demand
for medicinal herbal formulas.

Characterization and standardization are critically important be-
cause the information derived can be used to facilitate a more precise
determination of patient medical treatment (Lutoti et al., 2021). The
safety, quality and efficacy of herbal formulas can be enhanced through
better methods of gauging the quantity of herbal use based on each
person’s unique constitution and balance. Information derived from
the characterization and standardization of herbal formulas can be tre-
mendously useful in determining the impact that each herb has on an
overall medicinal formula. By determining the impact of each herb, it
becomes possible to measure the synergistic affect that each herb
brings to a formula, and this will allow for the customization of specific
individual treatment plans aimed at achieving a balance between the
yin and yang, (Maciocia 2014, pg. 3). Practitioners formulate mixtures

15



of herbs to alleviate the symptoms of disease and to serve as remedies
to treat particular ailments (Chevallier 2016, pg42). As we draw from
these traditions, it is important to focus on the development of mod-
ern and objective standards for evaluating the safety, quality and effi-
cacy of medicinal formulas. (Mishra & Tiwari, 2021).

Unlike conventional or Western medicine, TCM does not just
focus on addressing specific symptoms or ailments. The primary focus
of TCM is to understand the unique constitution and imbalances of
everyone. Once this diagnosis is complete, the practitioner crafts a
treatment plan that primarily utilizes acupuncture and Chinese herbs
to not only alleviate the symptoms but also restore the balance and
harmony to the body's intrinsic energies. (Chevallier 2016, pg. 42). In
a world that is increasingly seeking personalized healthcare solutions,
the tailored approach of TCM, generally based on herbal formulas,
serves as a beacon, illuminating the path towards holistic wellness.
However, while drawing from this rich heritage, it is important that
herbal formulas meet rigorous standards that have been proven and
validated to provide a consistent pattern of high quality, safety, and
efficacy under all circumstances. In response to the need for rigorous
validated standards, the World Health Organization (WHO). has
successfully taken the first step toward creating a reliable foundation
for establishing validated standards for the use of single herbs. The
primary foundation upon which the standardization process was cre-
ated starts with the identification of the botanical components of in-
dividual herbs. This system for standardization has made it possible
to validate the quality, safety and efficacy of single herbs. As a result,
the process of standardization has raised the single herb reliability and
has enhanced the growth and expansion of herbal medicine. (NCCIH,
2002).

The WHO's method specifies the scientific framework for ex-
tracting ingredients. It also details a formula that is reproducible and
maintains consistency. The work developed by WHO clearly shows
the elements that are indispensable in sustaining the healing capacities
of herbal extracts. This process is completed by determining the
amount of potent bioactive ingredients. The method utilizes superior

16



analytical techniques, such as high liquid chromatography (HPLC),
gas chromatography (GC) and mass spectrometry (MS), to establish

important markers necessary for quality control.

Additionally, WHO necessitates the utilization of comprehen-
sive documents that include botanical identification, extraction mech-
anisms, and constituent quantification. It also sets a high bar regarding
foreign contaminants. This structured way of maintaining consistency
results in stronger therapeutic outcomes. Moreover, it aligns with
global regulatory norms, which helps make traditional medicine more
relevant in modern healthcare systems. While WHO has made tre-
mendous advances in standardizing and validating the quality, safety
and efficacy of single herbs, there are still problems with standardizing
herbal formulas. The primary problem with standardizing herbal for-
mulas has to do with the innate complex nature of the multiple bioac-
tive ingredients of each herb and their synergistic effect on the overall
outcome of the formula.

As detailed as the WHO's guide may be, a closer look shows that
the guidelines primarily benefit the characterization and standardiza-
tion of single medicinal plants. Their method pays little attention to
the complex dimensions of multi herbal formulas. However, these
multi-herbal containing formulas are central to traditional medical
practices for Traditional Chinese Medicine (TCM). Practically every
herbal treatment consists of more than one single herb. Therefore, the
need to understand the synergistic effect of each herb in a treatment
plan is very important. These treatment plans require an understand-
ing of the unique bioactive ingredients of each herb to capture the syn-
ergistic effect and the entirety of their properties to successfully detet-
mine the overall impact of a formula. This means that characterization
and standardization become ever more critical. The goal is to stand-
ardize herbal formulas based on the concentration of their bioactive
molecules, which is essential to the quality of drugs. (Choudhary &
Sekhon, 2011).

In the ever-evolving landscape of healthcare, it is essential to con-
tinuously refine our understanding and methodologies to ensure that
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medical practices are both effective and safe. Traditional Chinese
Medicine, with its rich tapestry of herbal formulas, offers profound
therapeutic potential. However, to integrate its ancient wisdom with
the stringent demands of modern medicine, there's a pressing need for
meticulous standardization and characterization of these formulas

(NCCIH, 2012).

Characterization will allow a deeper look into herbal formulas
and strengthen our understanding of how each individual component
impacts the overall planned outcome of a formula. Enhanced charac-
terization of plants allows for not only the traceability of molecules of
new products, but it also creates an identifying “fingerprint” of each of
the main bioactive molecules. In order to determine the “fingerprint”
of an individual plant’s composition, in comparison with the new for-
mula, it will require high and expensive technique levels. (Bunghez et
al, 2013). By standardizing the characterization methods for herbal
formulas, we can ensure that each formula is consistent in its compo-
sition and potency. This could also eliminate variances that could
cause undesirable effects on patient outcomes or pose safety concerns.
With this information, researchers can better navigate the journey
ahead and ensure that TCM herbal formulas are both preserved in
their authenticity and optimized for contemporary use based on sci-
entific validation. The process that ensures every preparation of an
herbal formula, regardless of where or when it's prepared, possesses
consistent properties and healing potential and confirms the herbal
formula’s identity, quality and purity throughout all phases of its cycle
is called standardization (Mishra & Tiwari, 2021). It guarantees spe-
cific quantities of active constituents, and ensures the predictability
and safety of the treatment. There are several steps involved in the
standardization of herbal raw drugs. This list includes microscopic &
molecular examination, botanical authentication, various chromato-
graphic techniques; and also, the biological activity of the whole plant’s
identification of chemical composition can be found. (Choudhary &

Sekhon, 2011).

With advanced analytical techniques, it is possible to dissect com-
plex herbal formulas and gain insights not just into primary active
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ingredients but also secondary compounds. These secondary com-
pounds often play a crucial synergistic role in treatment. In this paper,
particular attention will be paid to recent developments in the use of
analytical techniques for the characterization and identification of
novel active components from plant extracts. This includes advanced
techniques in phytochemical analysis, chromatography and spectrom-

etry (Ciesla & Moaddel, 2016).

It is important to note that while merging ancient herbal
knowledge with advanced analytical processes, it must be done in such
a way that it maintains the precision and reliability that modern med-
icine demands. This will ensure that the age-old wisdom of herbal for-
mulas remains relevant and trusted. It will also enhance the confidence
of contemporary healthcare practitioners by ensuring consistent po-
tency and safety of these medicines. Standardization is the blueprint,
ensuring that each dose has the expected therapeutic value, free from
harmful adulterants or inconsistent concentrations of bioactive com-
pounds. (Lutoti et al.,, 2023). Historic records containing details of
hundreds of medicinal plants and their uses, set the early foundation
for what we now recognize as the science of pharmacognosy. Orhan
(2017). states that pharmacognosy is a systematic science of morpho-
logical, chemical, and biological properties along with history, cultiva-
tion, collection, extraction, isolation, bioassaying, quality control, and
preparation of crude drugs of natural origin.

The main challenge still facing herbal use is the absence of uni-
versally accepted methodologies to characterize all the bioactive com-
pounds present in herbal medicines (Rebiai, 2022). This lack of ac-
cepted methodologies not only prevents the accurate identification of
these compounds but also presents an obstacle to ensuring consistency
across batches. Without standardization, two batches of the same
herbal medicine could vary significantly, leading to inconsistent treat-
ment outcomes. (Mishra & Tiwari, 2022). These inconsistencies un-
dermine trust in herbal treatments, potentially sidelining them and
their potential.
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Recent research advancements in analytical chemistry have cata-
lyzed the evolution of a multitude of analytical methods, each tai-
lored for specific aspects of herbal medicine characterization. Figure
1 encapsulates a selection of these techniques, ranging from chroma-
tographic and spectroscopic to advanced mass spectrometry, high-
lighting their unique functions in the analytical process. (Ma et al,,
2018; Wang et al,, 2023). These techniques are spearheading the
standardization effort vital to the integration of herbal medicines into
modern healthcare, ensuring the precision and consistency required
by contemporary medical practices.

These methods offer promising progress toward achieving the
much-needed standardization in herbal medicine characterization.
Moving the field forward, it's important that the global research com-
munity begins to expand its efforts to adopt and standardize these
methods, ensuring that herbal medicines have the precision and con-
sistency modern healthcare necessitates.
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Technique

Function

Citation

DART-MS

Direct Analysis in Real Time Mass Spectrometry; rapid, ambient con-
dition analysis

Ma et al,, 2018; Wang et al,, 2023

LC-MS/MS LC-DAD

Liquid Chromatography with tandem Mass Spectrometry and Diode-
Array Detection; separation, identification, and quantification

Ding et al., 2007

UPLC-QTOE/MS

Ultra-Performance Liquid Chromatography coupled with Quadrupole
Time-of-Flight Mass Spectrometry; high-resolution mass spectrometry
for complex mixtures

Lin et al.,, 2022; Li et al,, 2021; Yang
et al,, 2022; Zhang e al., 2009

HPLC/MS

High-Performance Liquid Chromatography with Mass Spectrometry;
separation and identification of compounds

Li et al,, 2022; Sanchez et al., 2020;
Taha et al., 2015; Liao et al., 2021;
Ding et al., 2007; Sasidharan et al,,

2010
UPLC-DAD-MS/MS- | Ultra-Performance Liquid Chromatography with Diode-Array Detec- Lietal, 2014
BCD tion and tandem Mass Spectrometry with Base Peak Chromatogram
Decoding; detailed compound analysis
UHPLC-QQQ-MS/MS | Ultra-High-Performance Liquid Chromatography with Triple Quad- Huetal, 2021

rupole Mass Spectrometry; highly sensitive and selective quantification

HPLC

High-Performance Liquid Chromatography; separation of compounds
based on retention time

Roshan et al,, 2021; Fonmboh et al.,
2020

UV-Vis Spectroscopy

Ultraviolet-Visible Spectroscopy; measuring absorbance or reflectance
in the UV-Visible spectrum

Roshan et al., 2021; Zhang et al.,
2011; Ding et al,, 2007

FTIR Fourier Transform Infrared Spectroscopy; identifying chemical bonds in| Fonmboh et al,, 2020; Sasidharan et
a molecule by producing an infrared absorption spectrum al,, 2010
TLC Thin Layer Chromatography; separation of non-volatile mixtures Fonmboh et al., 2020

UHPLC-Q-TOF-MSE

Ultra-High-Performance Liquid Chromatography coupled with Quad-
rupole Time-of-Flight Mass Spectrometry; high-resolution mass spec-|
trometry with enhanced scanning capabilities

Guo et al,, 2018; Zhang et al,, 2017

HPLC/UV/Vis/FLD- |High-Performance Liquid Chromatography with Ultraviolet/Visible| Taha et al,, 2015
EDA-MS and Fluorescence Detection, Electrochemical Detection, and Mass Spec-|
trometry; multi-detection techniques for comprehensive analysis
NMR Nuclear Magnetic Resonance; structure elucidation of organic] Mahrous et al.,2015
compounds
HPLC-DAD High-Performance Liquid Chromatography with Diode-Array Detec- | Bunghez et al., 2013; Zhang et al.,
tion; separation and UV/Vis spectrum analysis 2011
LC-ESI(+)-QTOE-MS | Liquid Chromatography with Electrospray Ionization and Quadrupole Bunghez et al,, 2013

Time-of-Flight Mass Spectrometry; high-resolution analysis of ioniza-
ble compounds

HPLC-DAD-ESI-MS

High-Performance Liquid Chromatography with Diode-Array Detec-
tion and Electrospray Ionization Mass Spectrometry; separation and
mass analysis

Zhang et al., 2011; Ding et al,, 2007

Immunoassay

Technique using antibody and antigen interactions for detection and
quantification

Sasidharan et al., 2010

HPLC-ESI-MS/MS

High-Performance Liquid Chromatography with Electrospray Ioniza-
tion tandem Mass Spectrometry; separation and sensitive mass analysis

Zheng et al., 2010
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These analytical techniques are the anchor of herbal formula
standardization. They ensure that the bioactive compounds are un-
derstood completely. Each method of analysis has a specific charactet-
ization technique and function. The Ultra-High-Performance Liquid
Chromatography coupled with quadrupole time-of-flight tandem
mass spectrometry (UHPLC-Q/TOF-MS). method is used to char-
acterize chemical profiles systematically (Wang et al,, 2021). The
High-Performance Liquid Chromatography (HPLC) and Gas Chro-
matography (GC) stand out for their ability to separate, identify, and

quantify the myriad compounds present in a sample.

Mass Spectrometry (MS) further refines this process, offering in-
sights into the molecular weight and structure of these compounds.
Delving deeper, Nuclear Magnetic Resonance (NMR) spectroscopy
provides a unique window into the atomic environment and the chem-
ical structures of molecules, while Thin Layer Chromatography (TLC)
offers rapid, qualitative analysis of mixtures (Yan et al., 2022). (Wang
et al,, 2020). The non-chromatographic techniques such as phyto-
chemical screening assay and Fourier-transform infrared spectroscopy
(FTIR), can also be used to obtain and facilitate the identification of
the bioactive compounds (Sasidharan et al.2010).

Chemical Fingerprinting of herbal medicines is utilized for the
authenticity and quality control of herbal medicine and herbal prepa-
rations, Chemical fingerprints obtained by chromatographic, spectro-
scopic, thermogravimetric analysis, capillary electrophoresis, and po-
larography techniques have become the most potent tools for quality
control of traditional herbal medicine.(Sasidharan et al., 2010).

These tools are powerful; however, they have limitations which
are important to consider. The quest for the most effective method to
identify and quantify compounds still remains elusive. Each technique
has its own constraints and suitability depending on the nature of the
compound and the features of the sample. (Mishra & Tiwari, 2022).
In addition, the scarcity of advanced data analysis techniques, such as
chemometrics, presents additional challenges. Without a clear under-
standing of the composition, chemistry and biological activities of
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these herbal medicines, their integration into contemporary western
healthcare will remain a challenge. This void does not just represent
an academic gap, it raises serious concerns about the reproducibility
and reliability of characterization outcomes. (Tripathi et al., 2022).
Without standardized procedures, the risk of mischaracterizing or
overlooking vital bioactive compounds becomes extremely high, lead-
ing to potential clinical misjudgments.

Liu and Zhang emphasize the need for research into standardized
protocols to accurately identify and quantify bioactive compounds in
herbal concoctions. (Liu (2013). and Zhang (2013). The bioactive
compounds found in TCM formulas can fluctuate based on growing
conditions, harvesting time, and processing techniques. Because plant
extracts usually occur as a combination of various types of bioactive
compounds or phytochemicals with different polarities, their separa-
tion still remains a big challenge for the process of identification and
characterization of bioactive compounds (Sasidharan et al., 2010).
There's an urgent need to standardize these methodologies, and en-
sure they are comprehensive and adaptable to the complexities of
herbal medicines.

According to an estimate from the World Health Organization
(WHO), approximately 80% of the world population still uses herbs
and other traditional medicines for their primary health care needs
(Choudhary & Sekhon, 2011). The surging demand for herbal medi-
cine reflects a global shift in health consciousness, with increasing
numbers recognizing the profound benefits offered by these age-old
remedies. The Global Nutraceuticals Market has been projected to in-
crease over 8.3% annually and is expected to reach 30 billion dollars in
the US by 2015. (Jadhav et al,, 2020). As the world gravitates towards
these natural alternatives, the economic implications are vast. The ex-
pansion of these markets allows industries to thrive and can create a
new wave of economic opportunities. Overall international trade in
medicinal plants and their products was 60 billion US dollars in 2010
and is expected to reach 5 trillion US dollars by 2050 (Jadhav et al,,
2020).
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However, beneath this potential rising market lie the subtle con-
cerns about the quality, safety and efficacy of these products and their
impact on public health and patient outcomes. As highlighted by
(Tang et al. 2013), the safety and efficacy of these herbal products are
paramount. While the demand increases, the absence of standardized
methodologies creates uncertainty for the future of herbal medicine.
Without standardization, the inability to accurately measure the thet-
apeutic value and impact of these products could potentially block the
public health response (Asian Pacific Journal of Cancer Prevention,

2002).

Researchers in the field have echoed the need for further investi-
gation into standardized approaches. (Liu (2013). and Zhang (2013).
Their research underscores the necessity of precise identification and
quantification of the bioactive compounds in various herbal formula-
tions. Failure to address this could lead to a market saturated with in-
consistent products. These inconsistencies could compromise the very
essence of herbal medicine and diminish its economic potential. Pa-
tients might receive varying outcomes from similar products. If two
batches of the same herbal concoction exhibit disparate concentrations
of active compounds due to the lack of standardization, the outcome
for patients can vary wildly, leading to under-treatment or even ad-
verse effects. This issue underscores the inadequate knowledge of their
mode of action, potential adverse reactions, contraindications, and in-
teractions with existing orthodox pharmaceuticals and functional
foods to promote both safe and rational use of these agents (Ekor,
2014).

Developing a comprehensive, standardized methodology would
further propel the socio-economic potential of herbal medicine, ensur-
ing that its economic promise is infused with the guarantee of safety,
efficacy, and quality. While there is a promising demand for herbal
medicine, the lack of standardized methodologies causes delayed pub-
lic health responses due to the inability to verify measurements and
impacts. Lin and Zhang have emphasized the urgency of establishing
standardized protocols. Without such protocols, both individual
health and the broader socio-economic landscapes are jeopardized.
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Inconsistent treatment outcomes can erode trust in herbal treatments,
potentially pushing individuals towards more expensive alternatives or
even dissuading them from seeking treatment altogether. (Liu

(2013) .and Zhang (2013).

In the realm of healthcare, decisions pivot on the axis of trust, ev-
idence, and consistency. The absence of standardized methodologies
for characterizing the bioactive compounds in herbal medicine casts a
long shadow over these critical pillars. Physicians, healthcare provid-
ers, and policymakers rely on consistent, reproducible data to make
informed decisions. Without standardization, the data generated
from studies can be disparate, leading to challenges in their interpre-
tation. A lack of adequate or accepted research methodology for eval-
uating traditional medicines compromises safety by the lack of suitable
quality controls, inadequate labeling, and the absence of appropriate
patient information (Ekor, 2014). Inconsistency hampers the integra-
tion of herbal medicine into mainstream healthcare and creates reluc-
tance among practitioners to prescribe or endorse such treatments. As
a result, patients might be denied the potential benefits of these natu-
ral remedies, exposed to inconsistent doses that could have varied
therapeutic or side effects, or worse be steered towards pharmaceutical
treatments. The National Kidney Foundation has suggested that
herbal supplements should not be used by patients because herbal

the
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