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ABSTRACT: Pharmacology, medicinal plants, bioactive substances, therapeutic uses, and clinical
research These bioactive compounds found in plants; alkaloids, flavonoids, terpenoids and glycosides,
are giving good account of themselves as substitutes for synthetic chemicals which do not effectively
manage complex diseases or are associated with side effects. This review shows how these substances
work along the different therapeutic pathways of treating multiple diseases such as the antioxidant and
anti-inflammatory activities, antibacterial properties, and anticancer properties. A review of ongoing
clinical trials presents medicinal plants as novel therapies for cancer, heart diseases, neurological
disorders and other diseases associated with the metabolic syndrome. However, there are still a lot of
challenges despite the potential and benefits especially on the formulation of products from plants for
purposes of safety for human consumption and efficacies of such products. Some of the new approaches
we describe in this article to overcome these challenges and enhance plant-derived medicines include
biotechnological methods in phytochemical characterization and genetic modifications to boost potency.
To properly integrate many of the used medicinal plants into health care systems, this synthesis affords
further research together with enhanced legislation on the same. From here it will be possible to develop
more reasonable, client-centered and efficacious treatment options. As such, we propose that, medicinal
plants can help to take up the worthy torch in defining future therapies by bridging between traditional
and modern knowledge in a way that encompasses more of an approach to health.

Key Words: Medicinal plants, bioactive compounds, pharmacology, therapeutic applications, clinical

studies

1. INTRODUCTION

In the past, the main conventional treatment techniques
depended on plant remedies. Herbal medicine has been used as
a source of natural medicine in various practices as cure to
diseases ranging from Traditional Chinese medicine, ayurvedic
medicine, Native American medicine and so on. Not only were
these ancient medicines used to give much needed healthcare to
communities which could not afford or had no access to modern
medicines but many of today’s drugs owe their origin to these
ancient healing systems. A systematic study to discover
therapeutic potential of these plants is due to the scientific
revolution and the recent technology focusing on the plants for
primary drug discovery [1]. Apart from having been used for
centuries in traditional systems of medicine, medicinal plants
are sources of a myriad of bioactive compounds capable of
addressing some of the most catastrophic health challenges in
the world [2]. The present-day trend with respect to difficult and
chronic ailments like cancer, cardiovascular diseases, and
neurological ailments illustrates the pressure that synthetic
medicines alone have to face: issues like resistance and
unwanted side effects. Medicinal plants however have all sorts
of bioactive compounds, which act on multiple site targets and
hence are safer and more effective in their action as compared
to the se single molecule drug [3].

Introducing the utilization of the bioactive chemicals and their
significance in the current therapies this article attempts to
present the pharmacological possibilities of the medicinal
plants. Further, the paper presents some empirical data on
contemporary medicinal plants that have established to be
useful in managing metabolic diseases, cancer, and antibiotic
resistance [4]. But as with the integration of plant-based
treatments into modern health care systems, the road is not
smooth. Due to problems with establishing the legal limit, the
variability of bioactive components, and difficulties in
normalizing plant extracts, widespread clinical use is currently
impossible [5].

2. Phytochemicals in Medicinal Plants

Phytochemicals are natural chemical compounds which exist in
medicinal plants and possess the capability to cure so many
ailments. These naturally occurring chemicals are responsible
for wide pharmacological effects seen in medicines derived
from plants. The chemical profiles and biological activities of
phytochemicals make it easier to classify them into classes.
Medicinal plants use corrective capacities from chemical via its
parts and this segment offers the primary classification of these
chemicals and the way in which they act (Table 1) [6].
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2.1 Types of Bioactive Compounds
Alkaloids

To some extent, most therapeutic plants possess one or several
alkaloids, which are nitrogen-containing compounds having a
sharp impact on the human and animal organisms. Among
plants, the largest reserve of alkaloids is accumulated in opium
poppy, coffee and belladonna. There are many types of
alkaloids that possess anti-cancer, anti-malarial and analgesic
effects. They are capable of curing pain, infection and cancer;
examples are morphine for pain, quinine for malaria and
vincristine for cancer [7].

Flavonoids

Flavonoids are polyphenolic chemicals with antioxidant and
ant-inflammatory properties commonly found in fruits
vegetables tea and herbs. They regulate inflammation and help
to decrease oxidant stress by elimination of free radicles. Such
are catechins in green tea and onion and apple quercetin, which
are anti-inflammatory and cardio protective [8].

Terpenoids

Terpenoids known as isoprenoids are the biggest group of
phytochemicals of great therapeutic value as used in combating
cancer, viruses and microbes. These are found in Thyme and
Rosemary among others, they are the scent making aromas
produced by most plants. An example includes efficiency of
artemisinin which is an antimalarial developed from sweet
wormwood. For example, Taxol - a well-known anticancer
substance derived from the bark of an almost tree called Pacific
yew [9].

Glycosides

A glycoside is thus any compound formed from the union of
sugar with a non-sugar molecule which may be biologically
active. These positive impacts on the cardiovascular system are
well explained especially in relation to heart rate and heart

failure treatment. Digoxin a cardiac glycoside derived from
foxglove (Digitalis purpurea) is an example; the drug enhances
cardiac operation by having stronger contractions of the heart
walls [10].

2.2 Mechanisms of Action
Antioxidant Effects

Two categories of medicinal plant bioactive chemicals,
flavonoids and polyphenols, are excellent antioxidants because
they diminish oxidative stress and shield cells from harm by
annihilating free radicals. This antioxidant mechanism can help
avoid chronic diseases like cancer, heart diseases or any
neurological disease. Some of the antioxidant compounds
assists to neutralize free radicals and lessen cell deterioration

[11].
Anti-Inflammatory Pathways

To avoid or at least minimize inflammatory conditions, some of
the bio-active compounds from medicinal plants intervene with
particular molecular targets. For instance, flavonoids inhibit
enzymes or proteins that make inflammatory responses happen,
for instance cyclooxygenase (COX) and lipoxygenase (LOX).
These chemicals have the capacity to suppress the indications
of pro-inflammatory cytokines, something that may make them
beneficial in the asthma and arthritis treatment [12].

Immune Modulation

Some phytochemicals have been found to modulate immune
response mechanisms since they moderate on specific
pathways. This can result in enhancing of the immune response
or diminishment of hyper active reactions. Both alkaloids and
terpenoids can either enhance or suppress cytokine secretion
and immune cell activity while flavonoids as well act as potent
immunomodulators through suppression of cytokine secretion.
Promoting immunity to viruses and autoimmune diseases is one
area benefitted by this system [13].

Table 1: Major Phytochemicals in Medicinal Plants [14]

Phytochemical Type Example Plant(s) Therapeutic Effects Mechanism of Action
Alkaloid Opium Poppy (Papaver somniferum) Analgesic, antitussive Acts on opioid receptors, reduces pain and cough
Alkaloid Periwinkle (Catharanthus roseus) Anticancer Inhibits cell division, induces apoptosis
Flavonoid Onion (Allium cepa) Anti-inflammatory, cardioprotective Reduces cytokine levels, inhibits COX-2
Flavonoid Green Tea (Camellia sinensis) Antioxidant, anti-cancer Scavenges free radicals, reduces oxidative stress
Terpenoid Sweet Wormwood (Artemisia annua) Anti-malarial Inhibits malaria parasite growth
Terpenoid Pacific Yew (Taxus brevifolia) Anticancer Induces apoptosis, inhibits cell division
Glycoside Foxglove (Digitalis purpurea) Cardiotonic Increases cardiac contractility
Glycoside Licorice (Glycyrrhiza glabra) Anti-inflammatory, antiviral Modulates inflammatory pathways, inhibits virus
replication
Polyphenol Turmeric (Curcuma longa) Anti-inflammatory, antioxidant Inhibits NF-kB, scavenges free radicals
Saponin Ginseng (Panax ginseng) Adaptogenic, immune-modulatory Enhances immune response, modulates stress

Anthraquinone Aloe Vera (Aloe barbadensis miller)

Laxative, skin healer

response
Stimulates bowel movement, promotes tissue repair

Tannin Witch Hazel (Hamamelis virginiana) Astringent, anti-inflammatory Contracts tissues, reduces inflammation
Carotenoid Carrot (Daucus carota) Antioxidant, vision health Reduces oxidative stress, supports eye health
Coumarin Cinnamon (Cinnamomum verum) Anticoagulant, antimicrobial Inhibits clot formation, disrupts bacterial cell walls

Lignin Flaxseed (Linum usitatissimum) Anti-cancer, cardiovascular health Reduces cancer cell growth, lowers cholesterol
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3. Pharmacological Properties of Medicinal Plants

That is why it is promising to use medicinal plants as effective
means to combat illness and prevent it. These medicinal plants
contain bioactive substances that have some pharmacological
effects including acting as antioxidants, anti-inflammatory,
antibacterial and anticancer substances. In the following
characteristics, we will discuss these aspects, looking at the
sorts of plants that have these effects and how they might be
applied in modern medicine [15].

3.1 Antioxidant Activity

Mechanism: Antioxidant activity is the major function of
medicinal plants that are replete with antioxidant properties, as
they help remove free radicals. A cellular situation known as
oxidative stress where free radicals outweigh the number of
antioxidants is linked with aging and some diseases such as
cancer, heart diseases and neurological disorders [16].

Plants Rich in Antioxidants: Antioxidants are popular in many
classes of plants, for example the rhizome of Curcuma longa,
berries, especially from the blueberries group and strawberries,
and the fresh leaves of Camellia sinensis. These plants contain
compounds such as curcumin, anthocyanins, and catechins
which shield cellular organelles from injury and free radicals,
thus making disease prone cells more resistant [17].

3.2 Anti-Inflammatory Effects

Key Compounds: Even when the immune system is intended
to through inflammation, numerous diseases, for instance,
inflammatory disease of the bowel, arthritis, and asthma, are
associated with chronic inflammation. Due to their effects on
specific molecular targets the bioactive substances of a number
of medicinal plants qualify them for regulating inflammation
[18].

Plants with Anti-Inflammatory Effects: Some of the common
plants used in the management of chronic diseases They
include; Ginger (Zingiber officinale) — anti-inflammatory drugs
Turmeric (Curcuma longa — anti-inflammatory drugs of the
plant components in these plants, gingerol and curcumin can be
said to possess anti-inflammatory effects. They put a stop on
cytokines and enzymes for instance COX-2 [19].

3.3 Antimicrobial Properties

Potential as Alternatives to Synthetic Antibiotics: The first
gap suggests an urgent need for new kinds of antimicrobials
because bacteria that are resistant to antibiotics are becoming
more common. lots of expectations on the medicinal plants
since many of these plants contains chemicals that are
antimicrobial on a broad spectrum and it works on viruses,
fungi and bacteria [20].

Examples of Plants with Antimicrobial Activity: Both Neem
(Azadirachta indica) and Garlic (Allium sativum) have good
antibacterial property well known. Allicin is created in garlic,
with known properties as antimicrobial, antiviral and antifungal
elements, while neem leaves contain chemical compounds that
inhibit bacterial growth. In the process of treating specific

diseases, these plants could be used as an herbal tonic in
combination with, or instead of prescribed pharmaceutical
antibiotics [21].

3.4 Anticancer Properties

Plants and Compounds with Anticancer Potential: Some of
the medicinal plants contain bioactive chemicals, which works
against the development and sustenance of cancer cells. Two of
the multiple ways these chemicals work is by causing apoptosis
(programmed cell death) and other mechanisms which
disrupting cell cycle [22].

Mechanisms of Action: Among them, paclitaxel, isolated from
the Pacific yew tree (Taxus brevifolia) has long been well
known for its anticancer property. One way in which it is toxic
is that it binds to the microtubules of cancer cells thereby
preventing any division. In addition to curcumin found in
turmeric, which has been studied for its ability to prevent cancer
cells from multiplying, plants that contain catechins in green tea
cause cancer cells to die, among these plants (Fig. 1) [23].

Free Radicals Reducing
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Fig. 1: Mechanisms of Antioxidant Activity [24]
4. Modern Therapeutic Applications

Today’s medicine has gone through most of the previously
explored therapeutic properties of medicinal plants in the search
for new approaches to combat complex diseases. Some major
significant areas where plant-based chemicals are now
dramatically affecting medicine are cancer, infectious diseases,
cardiovascular health, neurological values and metabolic
maladies [25].

4.1 Cancer Treatment

Plant Compounds with Anticancer Effects: Al dope
anticancer activities of some chemicals resulting from plants
have, at least, been promising and if used in conjunction with
conventional cancer therapies. The chemicals cause cancer cells
to die, stop dividing, and prevent the formation of blood vessels
that tumours require [26].

Case Studies: For example, vincristine, one of the leukemia
and other cancers-treating drugs derived from the Madagascar
periwinkle (Catharanthus roseus) and Taxol, an analogue of
paclitaxel derived from the Pacific yew tree (Taxus brevifolia).
Taxol being an antimicrotubular agent stops cancer cells
division by interfering with microtubule network, vincristine is
another example of taxane [27].
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4.2 Infectious Diseases

Overview of Plant-Based Antimicrobials: Given the common
problem of antibiotic resistance, plant-available antimicrobials
are gaining much attention because of their effectiveness in
combating bacterial, viral and fungal infections. These
phytochemicals commonly work by directly lysing pathogen
cell membrane, inhibiting viral replication or modulation of
immune response to the infections [28].

Examples: It is common knowledge that neem (A4zadirachta
indica) and tea tree oil (Melaleuca alternifolia) possess a wide
range of antimicrobial effects.

Neem contains ingredients that slow bacteria’s ability to grow,
while tea tree oil kills a host of skin diseases. There is evidence
that some of these plants can replace synthetic antibiotics if
used in a future [29].

4.3 Cardiovascular Health

Phytochemicals for Heart Health: CVD specifically, heart
disease and stroke, contribute to more deaths than all other
causes put together and there are several chemicals in medicine
plants that can lower the risk of heart diseases. These
phytochemicals modulate critical factors which are considered
as risks factors to cardiovascular health by reducing cholesterol
levels, influencing circulation and blood pressure [30].

Examples: Concerning cardioprotective plants, only two are
common: garlic (Allium sativum) and hawthorn (Crataegus
species). While hawthorn is known for its effect on circulation
and lowering blood pressure, garlic as a result of it is allicin has
lowered cholesterol and anti-hypertensive properties. They
provide a natural way of managing heart issues given by the
modern world [31].

Yamoah

4.4 Neurological Benefits

Neuroprotective Effects of Medicinal Plants: A number of the
medicinal plants offer neuroprotection characteristics that can
provide potential therapies for neurodegenerative diseases
including Alzheimer’s disease, Parkinson’s disease, and
dementia. These plants help by lowering the amount of
oxidizing agents damaging cells, by enhancing blood flow to
the brain, and altering concentrations of neurotransmitters [32].

Applications in Neurodegenerative Diseases: Similarly, as it
is well established ginkgo biloba enhances the brain function
and possibly the progression of Alzheimer’s disease may be
slowed by reducing neuro-inflammation and by improving
blood flow, curcumin which is found in turmeric (Curcuma
longa) has been investigated for anti-inflammatory and
neuroprotective properties, protecting neurons against damage
[33].

4.5 Metabolic Disorders

Anti-Diabetic Effects and Metabolic Health: Diabetes and
obesity are global challenges these days; both are classified as
metabolic disorders [34]. Some of the medicinal plants have
demonstrated effectiveness in controlling blood glucose,
capacity for enhancing insulin sensitivity and metabolic profile.

Examples: Two kinds of plants of the different families are
generally used to combat with diabetes, namely fenugreek
(Trigonella foenum-graecum) and bitter melon (Momordica
charantia). While the bitter melon contains insulin-like
chemicals that lower blood sugar and enhance the uptake of
glucose by the cells, the fenugreek seeds are high in soluble
dietary fibre. These plants provide natural treatment for diabetes
and metabolic syndromes (Table 2) [35].

Table 2: Therapeutic Applications of Key Medicinal Plants [36]

Medicinal Plant

Active Compound(s)

Therapeutic Application

Mechanism of Action

Pacific Yew (Taxus brevifolia)
Madagascar Periwinkle (Catharanthus
roseus)

Neem (Azadirachta indica)
Green Tea (Camellia sinensis)
Garlic (Allium sativum)

Turmeric (Curcuma longa)
Ginkgo (Ginkgo biloba)

Bitter Melon (Momordica charantia)
Hawthorn (Crataegus species)
Aloe Vera (Aloe barbadensis)

Ginger (Zingiber officinale)
Fenugreek (Trigonella foenum-graecum)

Ashwagandha (Withania somnifera)
Licorice (Glycyrrhiza glabra)

St. John's Wort (Hypericum perforatum)
Echinacea (Echinacea purpurea)
Peppermint (Mentha piperita)
Cinnamon (Cinnamomum verum)

Blueberry (Vaccinium corymbosum)
Lavender (Lavandula angustifolia)

Paclitaxel
Vincristine, vinblastine

Azadirachtin
Catechins
Allicin

Curcumin
Ginkgolides, bilobalide

Charantin, polypeptide-P
Flavonoids, procyanidins
Aloin, polysaccharides
Gingerol, shogaol
Trigonelline, fiber
Withanolides
Glycyrrhizin
Hypericin, hyperforin
Cichoric acid, alkamides
Menthol, menthone
Cinnamaldehyde, eugenol

Anthocyanins
Linalool, linalyl acetate

Cancer treatment
Cancer treatment (leukemia,
lymphoma)
Antimicrobial
Antioxidant, anti-cancer
Cardiovascular health,
antimicrobial
Anti-inflammatory,
neuroprotective
Cognitive enhancement,
neuroprotection
Anti-diabetic
Cardiovascular health
Skin healing, laxative
Anti-inflammatory, anti-nausea
Anti-diabetic, metabolic health
Adaptogen, stress relief
Anti-inflammatory, antiviral
Antidepressant
Immune booster
Digestive health, analgesic
Anti-diabetic, antimicrobial

Antioxidant, eye health
Calming, sleep aid

Disrupts microtubule function, induces apoptosis
Inhibits cell division, arrests cell cycle

Inhibits bacterial growth, disrupts cell walls
Scavenges free radicals, reduces oxidative stress
Lowers cholesterol, inhibits pathogen replication

Reduces inflammation, modulates neuroinflammation

Improves blood flow to brain, reduces
neuroinflammation
Mimics insulin, lowers blood glucose levels
Improves circulation, lowers blood pressure
Promotes tissue repair, stimulates bowel movement
Inhibits inflammatory pathways, reduces nausea
Enhances insulin sensitivity, slows glucose absorption
Modulates stress response, reduces cortisol levels
Modulates immune response, inhibits virus replication
Inhibits reuptake of serotonin and dopamine
Stimulates immune cells, enhances immune response
Relaxes gastrointestinal muscles, reduces pain
Inhibits glucose absorption, disrupts microbial cell
walls
Scavenges free radicals, supports vision
Modulates neurotransmitters, reduces anxiety
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5. Recent Clinical Studies and Evidence

Over the past several years, clinical research has steadily
focused on the general prospect in phytomedicine and has
identified some plant secondary metabolites as effective
therapeutic agents as drugs or as adjuvants to synthetic drugs
[37]. However, the use of the active ingredients obtained from
medical plants in conventional remedies requires methodical
accreditation, necessary approvals from the relevant authorities
attesting that the relevant edible remedies are harmless and
effective for the alleged universal human medicinal application.
In recent trials many has agreed and accepted certain plant
compounds in treating different diseases [38]. For example,
curcumin contained in the turmeric plant (Curcuma longa) has
been thoroughly researched in areas such as inflammation and
cancer and studies have shown it can help with diseases such as
arthritis and colorectal cancer. Ginkgo biloba provides
cognitive advantage and has effect on Alzheimer’s mostly in
improvement; green tea extract (epigallocatechin gallate)
showing benefits in cardiovascular and weight loss.
Furthermore, ginger (Zingiber officinale) trials support its
application for relieving nausea and inflammation diseases,
which prove how plants are slowly becoming the cure for
different diseases [39].

However, issues of clinical validation are not yet fully resolved,
such as standardizing the dosage form, the bioavailability, and
shelf-life of the finished products. Compared to synthetic
products, plant extracts in general have an inconsistent
concentration and composition, rendering the definition of the
prescription dosages which exhibit stable therapeutic effects a
challenging endeavour [40]. Most active ingredients like
curcumin have the problem of low solubility which means they
are poorly absorbed and are quickly expelled from the body.
There is growing interest in the design of formulations to
increase the solubility of these compounds so as to increase
their therapeutic efficacy [41]. Sustainability remains also a
challenge for the application of plant extracts; issues such as
plant source, harvesting time, or extraction techniques may
significantly influence activity and quality of plant products,
which argue the need for complex processing and strict quality
control measures for producing standard products for intending
therapeutic uses [42].

The employment in medicinal plants in clinical practice is
already quite challenging by virtue of the problems of approval
and safety. The thing is that regulatory bodies like FDA in the
USA and EMA in Europe have different demands concerning
plant-based products [43]. The Food and Drug Administration
in the US does not set the same bar for plant-based products like
they do for true pharmaceutical, mostly because the plant-based
products are classified as dietary supplements. However, to
transform into prescription prescriptions, other plant-derived
pharmaceuticals including paclitaxel are put through rigorous
trials [44]. EMA demands only for safety and efficacy of the
herbal medicine, although fast track may be given to products
which have been in the market for a very long time as traditional
medicine. However, there is little respondents as to international
norms, meaning that people around the globe have not been able

to receive or reap the value of the plant-based remedies [45].
These are the regulatory issues and the clinical issues which if
not well addressed hinders the efficiency of utilizing medicinal
plants in modern health care systems hence warranting their
solutions for medicinal plants’ optimization in modern health
care systems (Fig. 2).

Phase 4:
Post-Marketing 0

Surveillance
Fig. 2: Clinical Trial Phases for Medicinal Plants [46]

Monitors long term effects and safety
after approval

CONCLUSION

This overview reveals the great pharmacological and
therapeutic capacity of medicinal plants as well as an increasing
amount of evidence in their support. The qualitative as well as
quantitative research conducted on plants have revealed that
plants, containing substances such as alkaloids, Flavonoids
Terpenoids and glycosides have numerous medical uses. These
effects include anti-inflammatory, bactericidal and some cancer
fighting properties. Many chronic diseases such as cancer, heart
disease, metabolic syndrome, and neurodegenerative diseases
have proved to be manageable through plant-based therapy,
case studies have shown. More research and development work
must be done to introduce these medicines into other forms of
care, but there are challenges involved in the form of making
the dose standard across various cares, increase bioavailability,
ensure reliability and compliance with regulatory policies are
met.

The integration of practical knowledge of traditional medicines
together with the test tube technology will lead to development
of systematic and patient specific comprehensive health care
systems that are sustainable. Consequently, medicinal plants
offer significant potentials as primary sources of safe, effective
and natural health care in the future. By considering more
holistic approaches locally, more treatment forms can be
considered and an understanding it plant based medicine
deepened. Ultimately, this will be in the patient’s and the
world’s health system interests.
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