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Abstract

The hilly regions of Northeastern states of India are enriched with many medicinal plants. More than
50% of the total plant species present in this region are flowering plants, and majority of these flowering
plants are gymnosperms. Various phytochemicals derived from these plants like terpenoids, tannins,
saponins, polyphenols, and flavonoids have therapeutic properties against many human diseases.
These phytochemicals need to be studied thoroughly to explore more about their therapeutic effects
and develop targeted therapeutic strategies. Antibiotic resistance has posed serious threat to the
treatment strategies against infectious diseases, as many microbes are becoming resistant to the existing
antibiotics. In this context, the antimicrobial compounds derived from plants, can be an alternative
to antibiotics and showing no resistance by the pathogenic microorganisms. Besides, the plants also
play crucial role in sustainable agriculture, and nutrient cycling. The present review article discusses
in details about the beneficial effects of these plants with their antimicrobial properties, presence of
diverse bioactive compounds, and their therapeutic effects. This article provides substantial information
on the medicinal plants of the Northeastern region of India, which will help the researchers working in
this area to design their research work efficiently with more updated information available. However,
more studies are required to make the best use of phytochemicals extracted from the plants, towards
the development of targeted therapeutic strategies.
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INTRODUCTION

India is a land of traditional medicine
with various medicinal systems like Unani,
Ayurveda, and Siddha in place. Antimicrobial
compounds are those compounds that inhibit
the growth of microbes on certain food products
which are prone to microbial contamination.
Therefore to protect tons of food products
from spoilage there is an urgent need to find
various phytochemicals that can easily protect
the foods.! Microbiologists, chemists, botanists,
biotechnologists are investigating wide spectrum
of compounds to find natural leads that will be
used for the treatment of many diseases, and
also for better food production process. Studies
revealed that on an average 25% to 50% of present
pharmaceuticals comes from various types of
plants, and surprisingly only a very less fraction of
it are used as antimicrobials.? Northeastern states
of India are enriched with abundant medicinal
plants of therapeutic importance (Table 1). These
states have a variety of tribes and cultures that
share a significant connection to the origin of
various herbal medicines. However, with time,
these valuable diamond sources of information
are usually lost due to scarcity of accessibility and
storage of these data. So there is an utmost need
to increase the research and development work
on these areas of medicinal plants.?

There are lots of antimicrobial
compounds found on this planet but among them
antibiotics are the most significant antimicrobial
compounds. But as time changes it happens that
the emergence of antimicrobial resistance also
occurred. This phenomenon has posed a serious
threat by increasing mortality, morbidity, and
elevated healthcare costs. As a result, multiple
drug-resistance is seen rising among all types of
pathogens.*

In the northeastern states, various types
of medicinal plants are present according to
their topographic location. Certain topographical
locations are rich with diverse types of plants.
The hills in the northeastern states such as
Naga, Garo, Jayantiya, and Khasi hills are a good
source of many medicinal plants and they need
to be protected from increasing urbanization,
and gradual depletion. If not conserved, various
potential cures and uses against diseases such as

tumours in piles, dysentery, epileptic seizures,
rabies, and 4™ stage cancer will be hampered.®

From serious disorders to minuscule
abnormalities like stomach aches, headaches, fungal
diseases, etc. can be cured using phytochemicals
found in the flora of the northeastern states of
India. For example, from the same region is that
of the plant Chenopodium ambrosioides Linn.
which is used to cure headaches, and fever, and
normalizes the blood pressure.®

Northeast India has a wide variety of
cultures and groups of ethnic populations. The
people practise traditional healing techniques
for a long time, and are enriched with traditional
knowledge, which paves the way for ethnobotanical
research in this region. Traditional medicine is an
ancient form of structured drug regimen that is
based on fundamental principles and elemental
ideologies. Across historical periods, ethnic
groups have continuously produced, improved,
and transmitted conventional knowledge. Their
needs, observation, intuition, experimentation,
and long-term understanding play a crucial role
in practising the medicinal plants.”

The tribal people primarily rely on timber
and wild edible species for their daily earnings,
and the medicinal plants have been valuable
for them due to their therapeutic importance in
context to the presence of secondary metabolites.?
The major phytochemicals found in plants that
have medicinal value, are terpenoids, tannins,
saponins, polyphenols, and flavonoids which have
anti-inflammatory, antioxidant, and antibacterial
properties (Table 2). Northeastern India is one of
the World’s big biodiversity hotspots with many
medicinal plants that are used traditionally to treat
various forms of human illnesses.’

Herbal medicines derived from the
medicinal plants, have the potential to prevent
and cure many diseases. Accessibility and safety
while using medicinal plants are of utmost
importance in this modern era. Like any other
medicine, medicines derived from herbal plants
do have risks and thus there is a lot of research
required to get these medicines completely
safe from adverse effects. The potential to cure
many incurable diseases is significantly higher in
traditional medicinal plants or herbalism.® The
history of World is enriched with the utility of
medicinal plants. The earliest known evidence of
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the usage of medicinal plants was discovered on a
Sumerian clay slab in Nagpur, India which is almost
5000 years old. In other parts such as in China, the
Chinese book of roots and grasses “Pen T’Sao”,
written by the emperor Shen Nung circa as early
as 2500 BC, mentioned 365 drugs that are still
used even today for various practices. The Vedas
(Indian holy books) have signified various types of
spices plants which are used even today not only
in India but all over the World.*!

Over the period of time, the knowledge
on traditional medicinal plants is getting reduced
in the younger generation due to a lack of
knowledge, resources, and awareness. India is
a vast country enriched with various types of
biodiversity hotspots. Northeastern states cover
the eastern Himalayas as well as there are many
Indo-Burman biodiversity hotspots. WWF (World
Wide Fund for Nature-India) has signified that the
entire eastern Himalaya is a priority among the
global 200 ecoregions while it has been stated
by Conservation International that they have
upscaled the eastern Himalayan hotspots which
fall under the area of Sikkim, Arunachal Pradesh,
and Darjeeling hills. Out of the nine important
types of vegetation in India, six are found in
Northeastern region which shows the richness in
flora and fauna here. The forests of Northeast India
possess more than half flowering plant species out
of the total plant species present in that region.
Out of 54 flowering plant species found in North
eastern India 40 belongs to gymnosperms.*?

In India, from the Himalayan region to
Northeastern states to wide stretching Eastern
Ghats and Western Ghats, the variety of flora
and the potential abundance of medicinal plants
will certainly give rise to lots of phytochemical
compounds and its diverse properties. Any
medicinal value of a plant lies in the fact that how
much of a definite physiological positive change it
can have on the human body. The compounds that
bring about a change in the body are known as
bioactive compounds. Some of the highly valuable
bioactive compounds are tannins, alkaloids,
flavonoids, and phenolic compounds. These are
not only used as additives for food and spices, but
also used for pregnant and lactating mothers for
medicinal use.’

Synthetic microbial substances if used
without any restraint, can lead to serious infectious

diseases. Acquisition of antibiotic resistance by
the microbes is a serious threat, which can be
caused by the synthetic medicines that have
been used frequently to treat the same diseases.
The exposure of synthetic medicines induce gene
transformation in microbes, leading to resistance
development and making the drugs ineffective or
that their doses must be increased to abnormal
levels for treatment purpose. This in turn causes
a cascade of adverse reactions in the body, leading
to increased toxicity and side effects in the body.
Hence, it is the need of time to create novel
effective pharmaceutical drugs in a manner that
the microbes will not be able to develop resistance
against them in a long run, with safe use against
human diseases.**

Drug discovery is the most important tool
in modern-day biological science. The remedies
that have been long unknown lie in the lock that
is governed by the key of drug discovery. Mother
nature has already produced a vast and amazing
source of novel therapeutic targets. Usually, most
of the drugs that have been discovered from a
natural drug that is approved for commercial use
are anti-infectives as well as anti-cancerous drugs.*
Throughout time immemorial, various practices of
practicing medicine were performed. One of them
is “allopathy”, the term used for modern western
medicinal and diagnostic approaches to treat a
disease. The prefix “allos” means opposite and
“pathos” means suffering, i.e. in ancient times,
a disease was cured by focusing on the symptom
and doing the opposite of it. It received a lot of
backlashes for this approach but now life has
come full circle, and allopathy is the leading form
of modern medicine at present. Allopathy focuses
on specific treatment by providing or narrowing
down the scope of knowledge to one point focus
which is usually the root cause of the disease.®

Bioactive compounds

Plants produce various metabolites,
among which secondary metabolites are highly
effective in medicine production. There are many
phytochemicals such as alkaloids, flavonoids,
terpenes, and phenolic compounds are found
in plants as secondary metabolites. Secondary
metabolites may not be required for a living
organism to survive but they play a role in how
that organism interacts with its environment.
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These metabolites protect the plants against
various abiotic and biotic stresses. Besides, these
compounds have high commercial and economic
value as therapeutics for human use. However,
with more diversified research, ultra-rare and
new medicinal compounds with high therapeutic
potential can be discovered.'”

Various essential amino acids are of
paramount importance in health-related activities
and affect lots of organs if the proper amount of
these essential compounds is not taken. Hence,
it is always said to take a balanced diet. However
not only these, the various plant metabolites
have various properties including anti-oxidative,
anti-diabetic, anti-allergic, anti-microbial, and anti-
inflammatory properties. Certain plant extracts
can significantly lower the cholesterol level in
humans and improve bad nutrition. One example
is that of beta-carotene content in golden rice
which helps to combat vitamin A deficiency.’®

Medicinal plants, especially those thriving
in the biodiversity-rich northeastern states of
India, heavily rely on their interaction with the

Physicochemical
properties of soil
Tillage Patterns

;}2.7%\%&/ o =

Biochemcial property

[ {

Microbial Inoculants

o
® » * —¢@

rhizosphere microbiome. The rhizosphere, a
dynamic region surrounding plant roots, plays
a crucial role in soil nutrient cycling, microbial
activity, and secondary metabolite production. As
shown in Figure, microbial inoculants and tillage
patterns significantly influence the physicochemical
and biochemical properties of the soil, which, in
turn, enhance nutrient uptake, abiotic stress
tolerance, and plant resilience. These factors not
only support plant health but also contribute to
the biosynthesis of bioactive compounds such
as alkaloids, flavonoids, and terpenoids, which
hold immense antimicrobial potential. This
interdependence highlights the importance of
integrating rhizosphere management strategies
into the conservation and sustainable utilization
of medicinal plants.

Medicinal plants used in north eastern states
of India

The Northeastern states of India comprise
of Nagaland, Assam, Tripura, Manipur, Arunachal
Pradesh, Sikkim, Meghalaya, and Mizoram.

Nutrient uptake
\

Protective shield

Abiotic stress tolerance

Figure. Rhizosphere microbiome and its influence on sustainable agriculture, nutrient cycling, and plant resilience:
Tillage practices and microbial inoculants modulate the rhizosphere by altering soil physicochemical properties,
thereby enhancing nutrient bioavailability and uptake efficiency. Rhizospheric microbes also establish a defensive
barrier around root systems, limiting colonization by pathogenic organisms. Moreover, they contribute to ionic
homeostasis under saline stress conditions. These interactions collectively support plant health and sustainable

agricultural productivity
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Demographically they all fall under the Northeast
hills, Eastern Himalayas and the Brahmaputra and
Barak valley plains. The northeastern states give
us an abundance of valuable biota with a massive
level of endemism. This region is so enriched with
biota that various organizations such as WWF
(World Wide Fund for Nature-India) have taken
significant steps to protect these areas. Report
suggests that this region must be rich in wild as
well as native relatives of crop plants.*

The increasing research on traditional
medicine and ethnomedicine can become the
leading cause of the discovery of many novel
therapeutic agents. Plants with the possibility of
having antimicrobial properties must be tested
against various microbes to confirm their activity.
Researchers are working in this direction to
develop better and highly efficient drugs against
cancer and other diseases.

Antimicrobial screening

Throughout the centuries, there are
certain bacteria and fungi have always clogged
the progress made by humans. Certain notorious
bacteria such as Escherichia coli, Salmonella typhi,
and Staphylococcus aureus along with some strains
of fungi like Aspergillus niger and Candida albicans
posed serious threats to mankind. In-depth
research on the therapeutic effects of various
phytochemicals has made it possible to combat
against these microorganisms. The plants found
in forests and valleys of northeastern states of our
magnificent India have been explored very much
like all other regions and yet the extensive research
has no match to these variety of potential uses
hidden in the flora of Northern eastern States.

Certain plants found in this abode of India
ranging from Cassia fistula to Plantago major have
proved to be highly beneficial to mankind. In Table
3 the antimicrobial screening of various medicinal
plants has been shown which can be pivotal in
gaining knowledge for researchers to carry out
various studies in regard to finding cure for various
bacterial and fungal diseases.

Bacteria have been categorized as either
Gram-positive or Gram-negative bacteria. This
categorization is quite essential as to give the
researchers a firsthand boost and knowledge of

which exact extracts of which exact parts of plants
are beneficial to stop the growth of targeted
microorganisms.

It is very important to know that not
all parts of all plants can inhibit the growth of
targeted microbes. For example, as given in Table
3. The fruit and flower only of Ixora acuminata if
extracted by ethanol can be used for retarding the
growth of S. aureus as well as P. aeruginosa The
need of specification is of utmost requirement in
this modern world of vastness and diversity.

CONCLUSION

North-Eastern India is a hub of many
medicinal plants with anti-inflammatory, anti-
oxidant, and anti-microbial properties that have
been discussed in the article. In the present
scenario the antibiotic resistance has posed
a serious threat to the human beings due to
rampant use of antibiotics. The phytochemicals
derived from the medicinal plants can be a better
alternative to the antibiotics, and solving the
issue of antibiotics resistance by the bacteria.
However, in-depth research is required to prepare
therapeutics, targeting the microorganisms with
high precision and efficacy. Besides the anti-
microbial property, other therapeutic benefits
of these plants should be explored using latest
technologies for better health and welfare of
human being.
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