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Abstract Introduction: Incorporating rare and threatened healing plants from Traditional Chinese Medicine
(TCM) into modern medicine is a hopeful way to expand treatment choices and encourage the long-
term use of plant resources. These plants have been used in Traditional Chinese Medicine for a long
time. They have powerful healing properties, including the ability to reduce inflammation and fight
cancer. They also protect nerves and the heart.

Method: A thorough study of all the scientific studies, clinical trials, ethnobotanical surveys, and
conservation reports that were found were all looked at in relation to rare and threatened medical
plants used in TCM. We looked through databases like PubMed, Scopus, and Web of Science for
relevant pieces. Studies published in peer-reviewed journals, reports from reputable conservation
organisations, and written down traditional knowledge were all considered to be relevant.

Results: Key results show that plants like Dendrobium, Panax notoginseng, Taxus chinensis, and
Cistanche deserticola can be used as medicines and that there are good ways to protect them.
Some of the conservation methods that have been named are agroforestry, community-based
management, current breeding techniques, and sustainable gathering. Collaboration in research,
clinical trials, personalised medicine, regulatory harmonisation, and public education programs are
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all part of the integration with modern medicine. These programs try to solve problems like scientific
proof, protection, and cultural integration.

Conclusion: When rare and threatened medical plants from Traditional Chinese Medicine (TCM) are
used in modern medicine, it can improve health and help protect wildlife. Using both old information
and new science discoveries together can lead to new treatments and long-term uses for these plant
materials. Large-scale clinical studies, new ways of growing plants, and looking into how TCM herbs
and regular drugs can work together should be the main topics of future study. For global healthcare
to improve and for these important plant resources to be used in the long term, academics,
healthcare workers, lawmakers, and local communities must work together.

Keywords Ethnobotanical Surveys, Traditional Uses, Phytochemical Profiles, Pharmacological Activities,

Conservation Strategies, Integration with Modern Medicine

1. Introduction

For thousands of years, Traditional Chinese Medicine
(TCM) has been an important part of Chinese culture
and health care. It uses a wide range of medical
plants to treat a wide range of illnesses. There are
many kinds of plants used in Traditional Chinese
Medicine, but rare and threatened medical plants
are especially important because they have special
bioactive chemicals that make them very good for you.
Because these plants only live in a few specific places,
they are in danger of being overharvested and losing
their homes, which is why they are considered rare.
Even though they are hard to find, they are still very
valuable in TCM because they are good at treating
complicated and long-lasting illnesses [1]. People
around the world are becoming more interested in
TCM and how it can be used in modern medicine.
This has renewed interest in the healing properties of
these rare plants. Both researchers and practitioners
are aware of the need to study and record the
medicinal qualities of these plants in order to find new
medicines that can help solve today's health problems.
Ethnobotanical studies in different parts of China
have found a lot of traditional information about how
to use rare and threatened plants as medicine [2].
Native people and TCM practitioners have used these
plants for hundreds of years to treat a wide range of
illnesses, from pain and inflammation to cancer and
brain diseases. Not only do the traditional uses of
these plants show that they work, but they also show
how important they are to culture and history. Keeping
track of this traditional knowledge is important for
both protecting the cultural history of TCM and helping
scientists figure out how these plants can be used as
medicine [3]. To fully understand the healing qualities
of rare and threatened medical plants, phytochemical
research is a must. Researchers have been able to find

and describe many beneficial chemicals in these plants
using advanced methods like high-performance liquid
chromatography (HPLC) and gas chromatography-
mass spectrometry (GC-MS). The strong biological
effects of these phytochemicals are often due to the
fact that they have unique structure and functional
qualities. Researchers can learn more about how rare
and endangered medical plants work and how they
might be used as medicines by making profiles of
the main bioactive chemicals that are found in them.
Knowing these things is very important for making
new medicines and healing agents from these plants
[4].

A lot of research has been done on the
pharmacological actions of rare and threatened
medical plants in experimental models, showing
that they can help treat a wide range of diseases.
For instance, many of these plants have shown
strong benefits against inflammation, cancer, and
protecting neurones. Often, these effects are caused
by changing important biochemical processes. For
example, blocking pro-inflammatory cytokines,
setting off apoptosis in cancer cells, and keeping
neurones safe from oxidative stress are all examples
of this. To make sure that these plants can be used
for healing purposes, they have also been tested for
safety and toxicity. To give a full picture of the healing
possibilities of rare and threatened medicinal plants
used in Traditional Chinese Medicine, this study brings
together what is known about their chemical actions
and safety profiles [5]. It is very important to protect
rare and vulnerable medical plants so that they don't
go extinct and can continue to be used. Climate change,
ecosystem loss, and overfishing are the main problems
that conservationists have to deal with. To keep the
numbers of these species healthy, it is important
to use sustainable ways for gathering, farming, and
breeding. For example, growing and spreading plants
in a controlled way can help wild populations by
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easing their burden and making sure there is a steady
supply of healing plants for both old and new uses.
Laws and rules are also very important when it comes
to protection activities. To keep these important plant
resources around for future generations, we need rules
that encourage healthy gathering, safeguard natural
ecosystems, and allow the growing of rare species.
By using these plans, we can make sure that rare and
threatened medicine plants will be around for future
generations [6-8].

When traditional knowledge is combined with new
drug study, it opens up a lot of possibilities for making
new medicines. Researchers can use the unique
qualities of rare and threatened medical plants to come
up with new treatments by closing the gap between
TCM and modern science. Pharmaceuticals made
from traditional medical plants have been shown to
effectively treat illnesses like malaria, cancer, and heart
disease, showing that this type of combination can
work [9]. This study lists the most important areas for
future research, such as exploring areas that haven't
been studied before and using new tools to help us
learn more about and use these plant resources. In the
end, this study stresses how important it is to protect
rare and threatened medical plants in Traditional
Chinese Medicine and calls for strong conservation
efforts. We can find out what useful medical qualities
these plants have by writing down their traditional
uses, studying bioactive chemicals, and testing their
pharmacological actions. Using long-lasting protection
methods and laws will also make sure that they are
kept safe and available for future generations. By
working together and doing more study, the healing
secrets of TCM can be kept alive and used to improve
health around the world, connecting old knowledge
with new science discoveries [10].

2. Ethnobotanical Surveys and
Traditional Uses

2.1 Keeping records of traditional knowledge

In Traditional Chinese Medicine (TCM), ethnobotanical
studies are very important for keeping and learning
about the traditional ways that plants have been used
as medicine. A lot of the time, these studies involve
talking to local therapists, TCM practitioners, and wise
people to get detailed information on how different
groups use different plant types for medical reasons.
Researchers can make sure that important information
doesn't get lost by writing down this rich oral practice.
This information can then be used to lead further
scientific study [11].
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Different parts of China use rare and threatened
medical plants in very different ways, because each
area has a different ecosystem and set of culture
practices. For example, Yunnan region has a unique
collection of medical information because of its wide
range of plants and animals and people. In this part of
China, healers may use plants that aren't widely found
or used in other parts of the country. In these kinds
of places, ethnobotanical studies have found a lot of
plants that are used to treat everything from colds to
cancer and inflammation illnesses [12].

2.2 Rare and Endangered Medicinal Plants That
Are Commonly Used

In Traditional Chinese Medicine (TCM), some rare
and threatened plants are very valuable because they
can help with health problems. This part talks about
some of these important species and how they have
been used in the past and what they mean to different
cultures:

Dendrobium, or Shihu

Dendrobium types have been used for a long time to
help the gut, make more fluids, and improve eye health.
They are often found in mixtures that are meant to
treat diabetes, chronic gastritis, and other diseases
linked to yin shortage [13].

Cultural Significance: Dendrobium, also known
as the "herb of immortality," has been treasured in
Chinese medicinal lore for hundreds of years and is
seen as a sign of health and longevity.

Chinese Yew or Taxus chinensis
Traditional Use: The bark and leaves of Taxus chinensis
have been used for a long time to treat cancer,
especially breast and ovarian cancer. In addition,
they are used to improve blood flow and treat heart
problems [14].

Meaning in culture: This plant is often linked to
health and defence, which is a reflection of its strong
healing qualities.

Panax notoginseng (Sanqi)
Panax notoginseng has been used for a long time to
stop bleeding, lessen swelling, and ease pain. It is often
used to treat blood diseases, care for people who have
been hurt, and help them heal from treatment [15].
Cultural Significance: In Traditional Chinese
Medicine (TCM), Sangqi is highly valued and is known
as a "miracle root" because it can be used in so many
ways and is so good at helping people get better.

Desert cistanche (Rou Cong Rong)
Traditional Use: Cistanche deserticola is used to treat
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impotence, infertility, and general tiredness. It is
known to strengthen the kidneys and improve sexual
health.

It is thought that this plant, which is sometimes
called the "ginseng of the desert,” can make people
healthier and live longer [16].

Gastrodia elata (Tian Ma)

Gastrodia elata has been used for a long time to treat
headaches, dizziness, and seizures. It works especially
well to calm the stomach and get rid of wind, as well as
to help with nerve and circulation problems. Cultural
Significance: In Traditional Chinese Medicine (TCM),
this plant is a special herb that is often only used to
treat serious nerve problems because it is so rare and
effective [17].

2.3 Different ways to collect data

To get a full picture of how plants are used,
ethnobotanical studies usually use both qualitative
and quantitative methods together. Some of these ways
are:

Formal interviews and polls

Interviews with local doctors, TCM practitioners, and
informed community members, both organised and
semi-structured, to get specific information on how
plants are used, how they are prepared, and how
well they work as treatments [18]. Questionnaires
were sent to a larger group of people to find out what
common and widespread uses people have for healing
plants.

Observation by a participant

Researchers take part in traditional healing practices
in the area and watch how medical plants are used in
their natural and cultural setting. This method gives us
a better understanding of how plants are used in real
life and how they are important to culture.

Discussions in Focus Groups

People from the community were talked to in groups
to confirm the information gained from one-on-one
talks and to find out what everyone knows and agrees
on about how to use plants [19].

Collection of Herbarium Specimens

Plant specimens are collected and kept safe so that
a reference herbarium can be made that helps with
accurate identification and furthers scientific studies.

2.4 Significance of Ethnobotanical Documentation

Recording how rare and threatened medical plants
have been used in the past is important for both
protecting cultural history and directing science
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study. Researchers can come up with ideas about the
possible medical effects of these plants and find good
candidates for further study by learning about how
they are used in traditional ways [20]. Ethnobotanical
data can also help with conservation efforts by
showing plants that are both culturally important and
in danger. This makes it easier to protect and handle
these valuable resources in a way that doesn't harm
them [21].

3. Profiles of Phytochemicals

3.1 Identification of Bioactive Compounds

To fully understand the healing effects of rare and
threatened medical plants used in Traditional Chinese
Medicine (TCM), phytochemical analysis is a must.
Advanced scientific methods, like high-performance
liquid chromatography (HPLC), gas chromatography-
mass spectrometry (GC-MS), and nuclear magnetic
resonance (NMR) spectroscopy, are used to find and
describe medicinal substances. Researchers can use
these techniques to separate and find the chemical
parts of plants that make them useful as medicine [22].

Medicinal plants that are rare or threatened often
have unique and different phytochemicals that
help them work as medicines. Some of these useful
substances are alkaloids, flavonoids, terpenoids,
glycosides, and polysaccharides. Each has a different
role to play in medicinal actions like fighting
inflammation, cancer, and protecting neurones. To
fully understand how these plants work and how they
might be used as medicine, we need detailed studies of
their phytochemicals [23].

3.2 Techniques for Phytochemical Analysis

High-Performance Liquid Chromatography (HPLC)
A lot of people use HPLC to separate, name, and
measure the different parts of a plant product. This
method is very good for looking at complicated mixes
of chemicals and is necessary for making sure that
plant drugs are safe. As an example, HPLC was used to
find ginsenosides in Panax notoginseng, which are the
main active ingredients that help fight inflammation
and cancer [24].

Gas Chromatography-Mass Spectrometry

Gas chromatography and mass spectrometry
work together in GC-MS to give detailed molecular
information about substances that are flammable or
semi-volatile. It works especially well for looking at
essential oils and chemicals that are soluble in fat.
For example, GC-MS was used to look at the essential
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oil of Cistanche deserticola and find chemicals like
phenylethanoid glycosides that are known to protect
neurones [25].

NMR Spectroscopy

NMR spectroscopy is a very useful tool for figuring
out how organic molecules are put together. It tells
us a lot about the molecular structure and movement
of phytochemicals, which helps us understand how
they work biologically. Such as: NMR was used to
describe the polysaccharides in Gastrodia elata, which
showed how they affect immune reactions and protect
neurones.

3.3 Different phytochemicals and unique parts

The different kinds of phytochemicals found in rare
and threatened medical plants show how they have
changed to survive in harsh environments and natural
forces. This variety often leads to a lot of different
chemical effects, which makes these plants great places
to find new medicines. Unique phytochemicals like the
ones below can be found in some rare and threatened
therapeutic plants [26]:

Dendrobium

There are alkaloids, sugars, and phenolic substances in
different types of dendrobium. A important stimulant
called dendrobine has been shown to protect neurones
and reduce inflammation. Polysaccharides from
Dendrobium have been shown to boost the immune
system and fight free radicals [27].

Taxus Chinensis

Taxus chinensis is famous for its diterpenoid
compounds, especially taxanes like paclitaxel, which
are very good at fighting cancer. These chemicals mess
up the way microtubules work, which stops cells from
dividing and speeds up the death process in cancer
cells.

Panax Notoginseng

The main things that make Panax notoginseng
work are saponins, especially notoginsenosides and
ginsenosides. A lot of research has been done on
these chemicals to find out how they can help with
inflammation, heart health, and cancer [28].

Desert Cistanche

There are many phenylethanoid glycosides in
Cistanche deserticola, including echinacoside and
acteoside. These glycosides have been shown to
protect neurones, reduce inflammation, and fight free
radicals. These chemicals help explain why the plant
has been used for a long time to improve sexual health
and treat brain illnesses.
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Gastrodia Elata

Bioactive chemicals like gastrodin and vanillin are
found in Gastrodia elata. Researchers have found that
Gastrodin can help protect neurones, stop seizures,
and reduce inflammation. This makes it useful for
treating neurological diseases [29].

3.4 Comparative Analysis with Commonly Used
Medicinal Plants

Comparing the phytochemical profiles of rare and
threatened medical plants to more common species
can help us understand how each one can be used
therapeutically. Ginsenosides are found in many
medicinal plants, including Panax ginseng. However,
the profile and quantity of these substances in Panax
notoginseng may give it different biological qualities.
Comparing plants in this way can help find the
phytochemicals that give rare and threatened species
their unique healing benefits [30].

3.5 Implications for Drug Development

Identifying and characterising phytochemicals from
medical plants that are rare or threatened is very
important for drug development. Figuring out the
useful chemicals and how they work can help scientists
find new medicines and treatments. Phytochemical
profile also helps standardise and check the quality
of plant drugs, which makes sure they are safe and
effective [31].

4. Pharmacological Activities

4.1 Preclinical Studies

A lot of research has been done on the chemical
effects of rare and threatened medical plants used in
Traditional Chinese Medicine (TCM). These studies,
which were done in vitro (using cell growth models)
and in vivo (using animal models), give us important
information about how these plants can be used as
medicine and how they work. The parts that follow
describe the main pharmacological effects of a number
of well-known rare and threatened medical plants [32].

4.1.1 Anti-Inflammatory Effects
Dendrobium (Shihu)

Alkaloids and polysaccharides in Dendrobium
species are what make them so effective at reducing
inflammation. Studies done in a lab dish have shown
that Dendrobium products lower the release of
cytokines that cause inflammation, like TNF-a and
[L-6. Tests on animals have shown that these products
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can reduce inflammation in diseases like arthritis and
colitis [33].
Panax notoginseng (Sanqi)

Scientists have found that the saponins in Panax
notoginseng, especially notoginsenosides, can stop
the production of inflammatory chemicals and stop
the NF-xB pathway from activating. This is important
because it controls inflammation.

4.1.2 Activities against cancer
Taxus chinensis (Chinese yew)

Is famous for being able to fight cancer. This is
mostly because it contains taxanes like paclitaxel.
Paclitaxel changes the way microtubules move, which
stops cells from dividing and speeds up the death
process in cancer cells. Preclinical studies have shown
that it can help fight different types of cancer, such as
lung, breast, and ovary [34].

Desert cistanche (Rou Cong Rong)

Some phenolic glycosides from Cistanche
deserticola, like echinacoside, have been shown to
possibly help fight cancer by stopping cancer cell lines
from growing and causing them to die.

4.1.3 Effects on Neuroprotection
Gastrodia Elata (Tian Ma)

Gastrodia elata is famous for protecting neurones,
which is mostly due to gastrodin and vanillin. In
vitro research have shown that gastrodin stops
neuroinflammation and saves neurones from damage
caused by oxidative stress. Research on animals has
shown that gastrodin can help the brain work better
and make nerve diseases like Parkinson's disease and
epilepsy less severe [35].

Dendrobium (Shihu)

Dendrobium polysaccharides have also been
shown to improve brain function and protect against
neurodegenerative diseases by lowering oxidative
stress and stopping neuroinflammatory pathways.

4.1.4 Effects on Heart Health
Panax notoginseng (Sanqi)

The saponins in Panax notoginseng protect the
heart by making the blood flow better, lowering
blood pressure, and preventing cardiac ischaemia.
Notoginsenosides have been shown in animal models
of cardiovascular disease to lessen the size of a
myocardial infarction and make the heart work better
[36].

4.1.5 Effects on the immune system

Citanche Deserticola (Rou Cong Rong)

Rastogi et al.

Citanche Deserticola has been shown to change
immunity reactions by making natural killer cells and
macrophages work better. This effect on the immune
system is helpful for people with chronic fatigue
syndrome and immune deficiency diseases [37].

Dendrobium (Shihu)

Dendrobium polysaccharides have also been
shown to have immunomodulatory effects, increasing
the activity of immune cells and encouraging the
production of cytokines that control immune
responses.

4.1.6 Inmunomodulatory Effects

[t is very important to understand how the biological
effects of rare and threatened medical plants work in
order to make effective medicines. The healing benefits
of these plants come from the bioactive chemicals that
interact with different molecular targets and signalling
pathways [38].

4.2 Mechanisms of Action

[t is very important to understand how the biological
effects of rare and threatened medical plants work in
order to make effective medicines. The healing benefits
of these plants come from the bioactive chemicals that
interact with different molecular targets and signalling
pathways.

4.2.1 Anti-Inflammatory Mechanisms
Pro-inflammatory cytokines (like TNF-a and IL-6)
release is stopped.

The NF-kB signalling mechanism is turned off, which
controls the production of inflammation substances.
Reactive oxygen species (ROS) levels should go down
and oxidative stress should be changed [39].

4.2.2 Anticancer Mechanisms

Microtubule mechanics are messed up, which stops
the cell cycle and causes death (for example, paclitaxel
from Taxus chinensis), Setting off apoptosis by
making caspases and the mitochondrial system work,
Angiogenesis is stopped, which stops the growth of
new blood vessels that bring blood to tumours [40].

4.2.3 Neuroprotective Mechanisms

Brain inflammation is stopped and toxic stress is
lowered, Changes in the amounts and routes of
neurotransmitters and Increasing neurogenesis and
the ability of synapses to change.

4.2.4 Cardioprotective Mechanisms

Making the blood flow better and lowering blood
pressure, Lowers reactive stress and inflammation to
protect against cardiac ischaemia and Improving the
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function of endothelials and stopping atherosclerosis
from happening.

4.2.5 Immunomodulatory Mechanisms

Improvement of the function of natural Killer cells and
macrophages encourages the production of cytokines
that control defence reactions and Controlling the
growth and development of defence cells [41].

4.3 Safety and Toxicology

To make sure that rare and threatened medical plants
can still be used for medicine, they need to be tested
for safety and toxicity. To find out how safe these
plants are, preclinical studies usually test their acute
and chronic toxins in animal models. Important things
to think about are:

4.3.1 Dosage and Administration

Figure out safe dosage amounts for both short-term
and long-term use, Finding out what harmful effects
and poisons might happen at different dose levels.

4.3.2 Toxicological Assessments

Analysing the harm that different organs, like the
liver, kidneys, and heart, can cause, Checking for Geno
toxicity and carcinogenicity to make sure it is safe in
the long run [42].

4.3.3 Safety Margins
Finding safety gaps by comparing doses that are
beneficial and amounts that are harmful.

Find out about any possible side effects and
reactions that might happen with other medicines.

5. Conservation Strategies

Protecting rare and threatened medical plants used in
Traditional Chinese Medicine (TCM) is important for
protecting ecology, cultural history, and the possible
discovery of new medicines. The parts that follow will
talk about some of the most important things that can
be done to protect these valuable plant resources from
problems like ecosystem loss, overharvesting, and
climate change [43].

5.1 Sustainable Harvesting Practices

Controlled Harvesting

Putting in place limits and rules to make sure that
cutting down too many wild plants does not affect
their ability to grow back. Teaching people in the area
and harvesters how to use safe methods that do as
little harm as possible to the plants and environment
around them [44].
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Rotational Harvesting

Creating and following annual gathering plans will
give plant populations time to heal between harvests.
Setting aside some areas for gathering and protecting
others will create a circle of use and healing that will
last [45].

Selective Harvesting

Picking out only certain parts of the plant (like leaves
or stems) instead of pulling it out of the ground or
cutting it down completely lets it keep growing and
renewing. By setting rules for collecting seeds and
cuttings, we can help plants grow naturally.

5.2 Cultivation and Propagation Techniques

In Situ Conservation

Setting up protected places like nature reserves and
national parks to protect natural environments so that
rare and threatened plants can grow without being
bothered by people. Keeping an eye on and taking care
of these protected places to make sure they stay good
for medical plants to grow and reproduce [46].

EXx Situ Conservation

To ease the strain on wild populations, rare and
threatened medical plants are being grown in botanical
parks, study centres, and farms. Creating ways to
grow a lot of plants using tissue culture and micro
propagation so that they can be put back into their
original environments or used as medicine [47].

Agroforestry and Integrated Farming
Including the growing of medical plants in farming
methods, like agroforestry, where plants are grown
with trees and crops, helps to increase biodiversity
and make farming more sustainable.

By giving local farmers economic benefits to grow
medical plants as part of their gardening, we can
reduce our reliance on gathering them from the wild.

5.3 Legal and Policy Frameworks

National and International Regulations

National laws and rules must be followed to protect
rare and endangered medical plants from being
overharvested, having their habitats destroyed, and
being traded illegally. For example, the Convention on
International Trade in rare Species of Wild Fauna and
Flora (CITES) regulates and keeps an eye on the trade
of rare plant species [48].

Community-Based Management
Local groups should be involved in protecting and
managing medical plant resources, and they should be
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given the information and tools to do so in a way that
doesn't harm the resources.

Setting up protection areas that are run by the local
community so that people can help protect and restore
medical plant habitats?

Research and Development Policies

It means giving money to research projects that study
how to protect, use, and make medicines from rare and
threatened medical plants. Supporting policies that
encourage the creation of safe ways to gather and grow
plants, as well as the selling of therapeutic plants that
have been grown.

5.4 Education and Awareness

Public Education Campaigns

Making more people aware of how important it is to
protect rare and threatened medicine plants through
media campaigns, community outreach programs,
and public education efforts. Drawing attention to the
medical, biological, and cultural importance of these
plants can help people feel more responsible for the
world around them [49].

Training Programs

Giving local communities, harvesters, and farmers
training on how to gather, grow, and conserve in a
way that doesn't harm the environment. Working
with schools to include environmental topics in their
lessons will help future generations learn more and
get better at what they do.

Engagement with Traditional Practitioners

To encourage the long-term use and protection
of medical plants, TCM practitioners should be
involved in conservation efforts and use their ancient
knowledge and skills. Setting up networks and sites
so that traditional practitioners can share the best
ways to do things and work together on conservation
projects [50].

5.5 Monitoring and Evaluation

Population Monitoring

Regular studies and evaluations are done to keep an
eye on the populations of rare and threatened medical
plants and record changes in their health, spread, and
quantity. Remote sensing and Geographic Information
Systems (GIS) are two technologies that are used to
map and keep an eye on plant environments and find
areas that are at risk.

Impact Assessment
Impact studies are used to figure out how well
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conservation strategies and practices are working
and to find places where they can be improved.
Conservation methods are being changed and
improved based on tracking data and feedback from
partners and local groups [51].

Reporting and Transparency

Keeping clear and easy-to-find records of conservation
activities, results, and problems, which encourages
responsibility and constant improvement. Sharing
what was found and what was learnt with the
larger conservation group will help protect rare and
threatened therapeutic plants around the world.

6. Integration with Modern Medicine

It is possible to improve treatment choices by mixing
traditional knowledge with new science discoveries
when rare and threatened healing plants from
Traditional Chinese Medicine (TCM) are used in
modern medicine. The goal of this collaboration is
to improve the health of patients, come up with new
methods, and encourage the long-term use of natural
resources. The sections that follow talk about some of
the most important parts of this combination, such as
joint research, clinical uses, governmental issues, and
training programs [52].

6.1 Collaborative Research

Phytochemical and Pharmacological Studies
Thorough phytochemical studies are being done to
find and describe the useful chemicals in medical
plants that are rare or threatened. Using in vitro and in
vivo studies to look into the biological effects of these
substances and figure out how they work and what
kind of treatment promise they have [53].

Synergistic Effects

Looking into what happens when you mix traditional
plant formulas with modern drugs, with the goal of
making them work better and causing fewer side
effects. Using combination treatment studies to find
out how well using TCM herbs along with standard
drugs works for treating complicated illnesses.

Clinical Trials

Planning and carrying out well-organised clinical
studies to check the safety and effectiveness of healing
plants in different medical settings. Work together
with medical centres and study institutions around the
world to make sure that methods are strong and based
on science.

Technology and Innovation
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Using cutting edge tools like high-throughput
screening, omics methods (genomics, proteomics,
metabolomics), and artificial intelligence to find and
create plant-based medicines more quickly.

Creating new drug transport methods to make
phytochemicals more bioavailable and send them to
the right places [54].

6.2 Clinical Application

Integrative Therapies

Integrative treatment plans that use rare and
threatened medicine plants as normal medical practice
are being made, especially in cancer, neurology,
and managing chronic diseases. Supportive and
hospice care should use TCM herbs more often to
improve quality of life and help people deal with their
symptoms [55].

Personalized Medicine

Genetic and molecular tracking can be used to make
plant treatments more precise and successful by
adjusting them to the needs of each patient. Using
both old and new testing tools and methods (like
tongue check and pulse analysis) to make personalised
treatment plans.

Preventive Healthcare
TCM plants can help avoid health problems by doing
things like lowering stress and changing the immune
system. This can improve general health and lower the
risk of chronic illnesses.

Promoting the use of medical plants in dietary
products and useful foods to help keep people healthy
over the long run.

6.3 Regulatory Considerations

Standardization and Quality Control

Setting up regular procedures for growing, gathering,
and preparing medical plants will help make sure
that the quality and stability are maintained. To make
sure that plant goods are safe and effective, strict
quality control measures are being put in place. These
include certification, purity testing, and contamination
screening [56].

Safety and Efficacy Evaluation

Doing full toxicology tests on medical plants to find
out how safe they are and to find out if they have any
side effects or should not be used. To make sure that
assessments of effectiveness are based on methods
that have been proven to work by science, such as
randomised controlled studies and meta-analyses.

Chinese Journal of Applied Physiology €20240024/2024 © 2024. The Author(s).
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Regulatory Frameworks

Creating and coordinating legal systems that make it
easier for TCM drugs to be used in modern medicine.
This includes things like licensing, labelling, and
marketing. Working with foreign governing groups to
make sure that standards are the same and that TCM-
based treatments can be used and accepted all over
the world [57].

6.4 Educational Initiatives

Interdisciplinary Training

Educating healthcare workers in both traditional
Chinese medicine (TCM) and modern medicine in
order to promote a more complete approach to patient
care. Getting medical schools and other institutions to
include classes on healing plants and holistic medicine
in their programs.

Public Awareness and Acceptance

Making people more aware of the benefits and
possibilities of using healing plants in modern
medicine through public education programs. Through
classes, lectures, and public outreach, we are trying
to get people in the community involved and open to
integrative treatments [58].

Professional Collaboration

Creating tools and networks so that TCM
practitioners, medical doctors, academics, and
lawmakers can work together and share information
and the best ways to do things, helping people keep
talking and working together to solve problems and
move the merging of old and new medical systems
forward.

6.5 Challenges and Future Directions

Scientific Validation

Overcoming scepticism in the medical and science
communities by building strong proof that TCM herbs
work and are safe. We need to solve scientific problems
in clinical studies and study to get results that can be
trusted [59].

Conservation and Sustainability

Making sure that protection efforts to protect rare
and threatened species from overexploitation and
ecosystem loss don't get in the way of the growing
demand for medical plants. To protect biodiversity and
make sure that medical materials will be available for
a long time, we should encourage safe ways to harvest,
grow, and use plants.

Cultural Integration
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Taking into account and protecting the traditional
knowledge and cultural history connected to healing
plants while incorporating them into modern medical
systems, how to deal with cultural differences and
help people who practise both traditional and modern
health accept and understand each other [60].

7. Future Directions and Research
Priorities

7.1 Advancing Phytochemical and
Pharmacological Research

Comprehensive Phytochemical Profiling

Using new technologies like metabolomics and high-
throughput screening, more study should be done to
fully characterise the phytochemical parts of rare and
threatened therapeutic plants. This will make it easier
to find new useful chemicals and study how they might
be used in medicine. Focus on finding small parts
and combinations that work well together that might
improve the total effectiveness of traditional plant
formulas [61].

Mechanistic Studies

Do in-depth functional studies to figure out the
molecular paths and targets that bioactive chemicals
use to do their jobs. This knowledge can help make
focused treatments better and make it easier to
predict how well therapies will work. Focus on multi-
target methods that show how TCM looks at things as
a whole, taking into account how different bioactive
chemicals in the same plant or mixture affect each
other.

Translational Research

Make studies that bring experimental results into
clinical situations to close the gap between basic
research and clinical uses. This includes coming up
with standard guidelines for clinical studies and
making sure that strict methods are used to prove
safety and effectiveness. Look into the possibility
of drug-herb interactions to get the most out of
combination treatments and reduce the risk of side
effects.

7.2 Enhancing Clinical Research and Applications

Large-Scale Clinical Trials

Start and fund big, multi-centre clinical studies
to thoroughly test how well and safely rare and
threatened medicine plants can treat different
illnesses. Pay attention to conditions that have a lot of

Rastogi et al.

unmet medical needs and where standard treatments
have shown promise. Assure that the studies are set up
in a way that meets international standards for clinical
research. This includes using randomisation, blinding,
and the right kind of control groups [62].

Integrative Treatment Protocols

Create and improve treatment plans that blend
traditional Chinese medicine (TCM) plant medicine
with other types of therapy. Look at the combined
effects and possible benefits that could improve
treatment results and lower side effects. TCM
practitioners and modern healthcare workers should
work together to get these holistic methods used in
clinical practice.

Approaches to personalised medicine

Use progress in genetics and personalised medicine
to make plant treatments fit the specific needs of each
patient. The main goal of research should be to find
signs that can tell how someone will react to certain
TCM herbs or mixtures. Using both old and new
testing tools together will help you make complete,
personalised treatment plans [63].

7.3 Strengthening Conservation and Sustainable
Use

Ex Situ and In Situ Conservation

Grow conservation efforts that aren't in the wild, like
plant gardens and seed banks, to keep genetic variety
and provide materials for study and return into the
wild. Increase the effectiveness of in situ conservation
efforts by setting up more protected spaces and getting
local people involved in managing and keeping an eye
on these places.

Sustainable Cultivation Practices

Create and support farming methods that are safe
and don't put too much stress on wild species. Some
examples of this are agroforestry, organic farming,
and integrated pest control that is designed to meet
the needs of medical plants. To make growing medical
plants more efficient and long-lasting, look into and
use new ways to propagate plants, like tissue culture
and hydroponics [70].

Ethnobotanical Studies and Traditional Knowledge
Perform ethnobotanical studies to record traditional
knowledge, uses, and ways of protecting rare and
threatened medical plants. This information can help
with plans for protection and safe use.

Form relationships with ethnic groups and
traditional healers so that their knowledge can be used
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in study and protection efforts [64].

7.4 Addressing Regulatory and Policy Challenges

Harmonizing Regulatory Frameworks

Do your best to make the rules for approving and
selling plant drugs more consistent. This includes
making quality control, safety assessment, and
effectiveness assessment standards that are known
all over the world. In order to protect both businesses
and the environment, you should push for policies that
support the long-term use and preservation of medical
plants.

Intellectual Property and Benefit-Sharing

Take care of intellectual property problems that come
up when genetic resources and traditional knowledge
are used. Make sure that local communities and
traditional healers get a fair share of the benefits of
commercialising healing plants by setting up fair and
equal ways to share those benefits. To stop biopiracy
and make sure that local communities can keep making
a living, encourage openness and moral behaviour in
the collection and use of healing plants [65].

Capacity Building and Training

Spend money on training and programs that build the
skills of experts, healthcare professionals, and people
in the community. This includes teaching people how
to gather, grow, and protect plants in a way that doesn't
hurt them, as well as using current science methods for
studying phytochemicals and drugs. Through classes,
lectures, and joint study projects, you can encourage
people from different fields to work together and share
their knowledge.

7.5 Promoting Public Awareness and Education

Public Education Campaigns

Start efforts to teach people about how important it
is to protect rare and threatened medical plants and
how they might be useful in modern medicine. To
get people to support and participate in integrative
medicine and the long-term use of medical plants,
share success stories and the best ways to do things
[66].

Integrating TCM into Healthcare Systems

Push for the merging of TCM into standard healthcare
systems, focussing on methods that backed by data
and the added benefits of plant medicine. Create
training events for medical workers to help them learn
more about TCM, plant medicine, and the possibility
for combining treatments [67].

Chinese Journal of Applied Physiology €20240024/2024 © 2024. The Author(s).
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Research Dissemination and Collaboration
Open-access journals, internet libraries, and
collaboration platforms should make it easier for
study results to get out there. This makes sure that
information is widely available and can help with
conservation and holistic medicine efforts around the
world [68].

Set up study networks and relationships that bring
together experts from different areas and places to
work on problems and take advantage of chances that
affect everyone [69].

8. Conclusion

Using rare and threatened medical plants from
Traditional Chinese Medicine (TCM) in modern
medicine has a lot of potential to improve treatment
choices and encourage long-term environmental
protection. A lot of study into phytochemicals and
drugs has shown that they have a lot of healing
promise in areas like reducing inflammation and
cancer, protecting neurones and the heart, and
changing the immune system. Clinical uses, especially
those that use holistic and personalised medicine,
have shown promise in improving the effectiveness of
treatments and the health of patients. To keep these
important resources safe, conservation methods are
needed. These include healthy farming, gathering, and
control by the community. Harmonising legal systems
and encouraging education across disciplines are
important ways to make this integration easier. Future
study should focus on large-scale clinical studies,
new ways to grow plants, and how drugs and herbs
can work together to make them more effective. We
can make sure that these plant gems are used in the
future by combining old knowledge with new science
discoveries. This will help both world health and
wildlife protection.
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