MINI REVIEW,

ALKALOIDS IN CANCER THERAPY: PHYTOCHEMICAL STRATEGIES FOR TARGETED

Department of Quality Assurance,
College of Pharmacy, Moga,
Punjab, India

Correspondence:

Dr. Atul Kumar Sharma,
Department of Quality Assurance,
College of Pharmacy, Moga,
Punjab.

E-id:
dratul.sharm44@rediffmail.com

How to cite this article: Sharma A.
Alkaloids in cancer therapy:
phytochemical strategies for targeted
treatment Innov Pharm Planet (IP-
Planet) 2021;09(4)47-50.

Source of Support: Nil.
Conflicts of Interest: None declared.

Date of Submission: 04-10-2021
Date of Revision: 06-11-2021
Date of Acceptance: 14-12-2021

TREATMENT
Atul Kumar Sharma

ABSTRACT:

Alkaloids, a diverse group of plant-derived compounds, have demonstrated
significant potential in cancer therapy due to their unique bioactive properties. This
review explores the therapeutic role of alkaloids, focusing on their mechanisms of
action, targeted delivery strategies, and clinical relevance. Key alkaloids such as
vincristine, camptothecin, and berberine exhibit anticancer effects through various
mechanisms, including apoptosis induction, cell cycle arrest, and inhibition of
angiogenesis and metastasis. Advances in nanotechnology and drug delivery
systems have further enhanced the efficacy and bioavailability of alkaloids,
enabled more precise targeting of cancer cells and reduced systemic toxicity.
However, challenges such as low bioavailability, toxicity, and the development of
resistance remain significant obstacles in alkaloid-based therapies. The review also
highlights clinical trials, the current status of alkaloid-based drugs, and emerging
trends, including synthetic derivatives and combination therapies with
conventional cancer treatments. Overall, alkaloids hold great promise as targeted,
phytochemical-based options in cancer treatment, with future research required to
optimize their efficacy and safety. This review provides an in-depth examination
of alkaloids’ potential and underscores their role as innovative agents in the pursuit
of effective cancer therapies.
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Introduction

Cancer remains a significant global health
challenge, being one of the leading causes of
mortality worldwide. The World Health
Organization estimates that cancer accounted
for nearly 10 million deaths in 2020 alone.
Conventional therapies, including surgery,
chemotherapy, and radiation, have been the
mainstay of cancer treatment. However, these
approaches often come with limitations such as
severe side effects, development of resistance,
and variability in patient response based on
cancer type or individual genetic factors. For
instance, resistance to chemotherapeutic agents
is a substantial hurdle, frequently resulting in
treatment failure and poor prognosis for
patients.

In recent years, there has been growing interest
in the role of phytochemicals natural
compounds derived from plants in cancer
therapy. Phytochemicals have shown promise
due to their ability to modulate various
molecular pathways involved in cancer
progression.

These compounds can promote cell death,
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inhibit cell proliferation, and enhance immune
responses with comparatively lower toxicity
than traditional therapies. Notably, plant-

derived alkaloids are gaining attention for their
potential therapeutic effects against cancer.
They are known to interact with specific
cellular targets and pathways that regulate
growth and apoptosis, making them valuable
candidates for enhancing the efficacy of
existing treatments.*

The primary objective of this review is to
evaluate the potential of alkaloids as targeted
therapies for cancer treatment. By focusing on
their mechanisms of action and therapeutic
benefits, this review aims to highlight how
these natural compounds can complement
conventional therapies and possibly lead to
improved outcomes for patients. The
exploration of alkaloids not only underscores
their importance in cancer therapy but also
emphasizes the need for further research into
their clinical applications and mechanisms of
action.?

OVERVIEW OF ALKALOIDS AND THEIR
BIOLOGICAL ACTIVITY

Alkaloids are a diverse group of naturally
occurring organic compounds that
predominantly contain nitrogen and are
primarily derived from plant sources. They are
classified into three main categories based on
their structural characteristics: true alkaloids,
Protoalkaloids, and pseudoalkaloids. True
alkaloids, such as morphine and nicotine, are
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typically derived from amino acids and possess
a heterocyclic structure. Protoalkaloids, which
include compounds like ephedrine, do not
necessarily have a heterocyclic ring but still
originate from amino acids. Pseudoalkaloids,
such as caffeine, are not derived from amino
acids but can exhibit similar biological
activities.  Alkaloids display significant
structural diversity, with over 20,000 different
molecules identified in various organisms,
emphasizing their complex biosynthetic
pathways and varied chemical structures.®

The biological properties of alkaloids are
particularly relevant in the context of cancer
therapy. Many alkaloids exhibit antitumor
activity by inducing apoptosis in cancer cells,
inhibiting cell proliferation, and disrupting
various signalling pathways associated with
tumor growth. For instance, compounds like
camptothecin target topoisomerase I, an
enzyme critical for DNA replication, leading to
cell death in cancerous tissues5. Additionally,
alkaloids possess antioxidant properties that
help mitigate oxidative stress a contributing
factor to cancer progression by neutralizing free
radicals and enhancing cellular defense
mechanisms. This antioxidant activity can
protect normal cells from damage while
selectively targeting cancer cells5.
Furthermore, alkaloids often exhibit anti-
inflammatory effects, which can be beneficial
since chronic inflammation is linked to the
development and progression of various
cancers. By modulating inflammatory
responses, alkaloids may help reduce the tumor
microenvironment's supportive role in cancer
growth.

Overall, the unique structural features and
biological activities of alkaloids position them
as promising candidates for further research and
development in cancer therapy. Their ability to
target multiple pathways involved in cancer
progression underscores their potential as
effective  adjuncts or alternatives to
conventional treatments.*

MECHANISMS OF ACTION OF ALKALOIDS
IN CANCER THERAPY

Alkaloids exhibit a range of mechanisms by
which they can effectively induce cancer cell
death and inhibit tumor progression.

Apoptosis Induction

Alkaloids can trigger apoptosis in cancer cells
through various pathways. For instance, they
often activate the caspase cascade, which is

crucial for the execution of apoptosis.
Compounds such as allicin have been shown to
reduce levels of anti-apoptotic proteins like
Bcl-2 while increasing pro-apoptotic proteins
such as Bax, effectively tipping the balance
towards cell death. Additionally, some alkaloids
can cause DNA damage, leading to cell cycle
arrest and subsequent apoptosis. This is
particularly relevant in cancer cells that have
developed resistance to conventional therapies,
where alkaloids can restore sensitivity by
inducing apoptotic pathways.®

Cell Cycle Arrest

Several alkaloids are known to inhibit cell cycle
progression in cancer cells. For example,
piperine has been shown to induce GO/G1 phase
arrest by upregulating cyclin-dependent kinase
inhibitors such as p21 and p27 while
downregulating cyclins D1 and A2. Other
alkaloids like vinblastine and vincristine disrupt
microtubule function, leading to metaphase
arrest during mitosis, thereby preventing cancer
cell proliferation. This ability to halt the cell
cycle at various checkpoints is a critical
mechanism through which alkaloids exert their
antitumor effects.

Inhibition of Angiogenesis and Metastasis
Alkaloids also play a significant role in
inhibiting angiogenesis, the formation of new
blood wvessels that supply tumors and
metastasis, the spread of cancer cells to other
parts of the body. For example, allicin has been
reported to reduce the activity of matrix
metalloproteinases (MMPs), which are
involved in the degradation of extracellular
matrix components necessary for tumor
invasion and migrationl. By disrupting these
processes, alkaloids can hinder tumor growth
and spread, making them valuable in cancer
therapy.®

Modulation of Signalling Pathways

Alkaloids target key signaling pathways that are
crucial for cancer cell survival and
proliferation. Notably, they can modulate the
p53 pathway, enhancing its tumor-suppressive
effects by promoting apoptosis in response to
cellular stress or DNA damage4. Additionally,
many alkaloids inhibit the NF-kB pathway,
which is often activated in cancers to promote
cell survival and proliferation. For instance,
piperlongumine has been shown to inhibit this
pathway, leading to increased oxidative stress
and subsequent apoptosis in cancer cells.
Furthermore, alkaloids can affect the MAPK
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signaling pathway, which is involved in
regulating cell growth and differentiation; this
modulation contributes to their overall
anticancer activity.

In summary, alkaloids demonstrate a
multifaceted approach in cancer therapy
through apoptosis induction, cell cycle arrest,
INHIBITION of angiogenesis and metastasis,
and modulation of critical signaling pathways.
These mechanisms highlight their potential as
effective therapeutic agents against various
types of cancer.’

KEY ALKALOIDS WITH ANTICANCER
POTENTIAL

Vincristine and Vinblastine

Vincristine and vinblastine are both vinca
alkaloids derived from the periwinkle plant,
Catharanthus roseus. Their primary mechanism
of action involves binding to tubulin, a protein
that is essential for microtubule formation. This
binding inhibits the polymerization of tubulin
into microtubules, disrupting the mitotic
spindle formation necessary for chromosome
segregation during cell division. Consequently,
this leads to cell cycle arrest at the metaphase
stage and triggers apoptosis in rapidly dividing
cancer cells. Clinically, vincristine is used to
treat various cancers, including acute
lymphoblastic leukemia and lymphomas, while
vinblastine is employed in treating Hodgkin's
lymphoma and testicular cancer. Despite their
effectiveness, both drugs have notable
limitations. Common side effects include
neuropathy and bone marrow suppression,
which can lead to severe complications such as
infections or bleeding disorders. Additionally,
their use is contraindicated in patients with
active infections due to their
immunosuppressive effects.®

Camptothecin and Derivatives

Camptothecin is a potent alkaloid originally
isolated from the bark of the Chinese tree
Camptotheca acuminata. It functions primarily
by inhibiting topoisomerase I, an enzyme
crucial for DNA replication and transcription.
By stabilizing the topoisomerase, I-DNA
complex, camptothecin prevents the religation
of DNA strands after they have been cut,
leading to DNA damage and subsequent cell
deathl. Derivatives of camptothecin, such as
irinotecan and topotecan, have been developed
to improve its pharmacological properties and
reduce toxicity. Irinotecan is particularly
effective in treating colorectal cancer and is

often used in combination with other
chemotherapeutic =~ agents to  enhance
therapeutic efficacy. However, camptothecin
and its derivatives can cause significant side
effects, including diarrhea and
myelosuppression, which limit their clinical
use.

Berberine

Berberine is a bioactive compound found in
several plants, including Berberis species.
Recent studies have highlighted its antitumor
properties  through various mechanisms.
Berberine has been shown to induce apoptosis
in cancer cells by activating the intrinsic
apoptotic pathway and inhibiting anti-apoptotic
proteins like Bcl-2. Additionally, it exhibits
anti-inflammatory  effects by modulating
signaling pathways such as NF-«B and MAPK,
which are often dysregulated in cancer. Recent
findings suggest that berberine can also inhibit
tumor growth by reducing angiogenesis and
metastasis through downregulation of vascular
endothelial growth factor (VEGF) expression.
These properties make berberine a promising
candidate for further investigation as an adjunct
therapy in cancer treatment.

Other Notable Alkaloids

Several other alkaloids also exhibit promising
anticancer activity. Paclitaxel, derived from the
bark of the Pacific yew tree (Taxus brevifolia),
acts by stabilizing microtubules and preventing
their depolymerization during mitosis, leading
to cell cycle arrest similar to vincristine and
vinblastine. Sanguinarine, found in Sanguinaria
canadensis, has shown potential in inducing
apoptosis and inhibiting cell proliferation in
various

cancer cell lines through multiple pathways
including oxidative stress inductionl. Piperine,
an alkaloid from black pepper (Piper nigrum),
has been reported to enhance the bioavailability
of other anticancer agents while exhibiting
direct antitumor effects by inducing apoptosis
and inhibiting angiogenesis. Collectively, these
alkaloids represent a diverse array of
mechanisms that contribute to their anticancer
potential, warranting further research into their
clinical applications.’

CONCLUSION

In conclusion, alkaloids represent a promising
class of phytochemicals with significant
potential in cancer therapy due to their diverse
mechanisms of action and ability to target
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cancer cells effectively. Advances in drug
delivery systems and

ongoing clinical trials are enhancing the
therapeutic efficacy and safety of alkaloids.
Despite challenges such as low bioavailability
and resistance, continued research and
development may lead to innovative treatments
that integrate alkaloids with conventional
therapies. Ultimately, alkaloids could play a
pivotal role in the future of personalized cancer
treatment strategies.
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