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ABSTRACT

Natural products still account for more than half of all medications in clinical use in the generic
age of contemporary biotechnology. According to the World Health Organization, plant
extracts are used in 85 percent of out-dated medicine, and around 80 percent of people in
underdeveloped nations rely on conventional medicinal substances for their main health care.
62 percent of the 87 anticancer medicines authorised in the last 10 years are natural products.
The major drugs among them include paclitaxel and vinblastine, extracted from Taxus
brevifolia and Catharanthus roseus respectively. All of them work by binding to tubulin and
altering microtubule dynamics to impede cancer cell proliferation. They trigger apoptosis by
causing mitotic arrest. These findings from epidemiological and investigational research
emphasise the usefulness of phytochemicals in reducing cancer risk and inhibiting the growth
and spread of tumours in investigational animals, which are medically more important. In a
range of spontaneous or transplanted lymphocytic leukaemia, paclitaxel and Vinblastine
medications have a high inhibitory impact on monozygotic leukaemia, breast cancer, lung
cancer, liver cancer, ovarian cancer, solid sarcoma, malignant melanoma, head and neck
cancer, and testicular cancer. Anti-tumour effects, on the other hand, still encounter obstacles
and have a long way to go. The study and development of these medications will provide
more significant results in the future.
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Introduction

Cancer, as a serious public health issue, affects simultaneously both developed and
emerging nations globally. In 2018, an estimated 18.1 million new cases of cancer were
diagnosed worldwide, with the number expected to rise to 23.6 million new cases per year by
2030 (Bray et al., 2018). Because of this disease's extraordinary notoriety, treating it has been
a never-ending battle with mixed results.

Plant phytochemicals and derivatives are promising alternatives to boosting therapeutic
efficacy and decreasing unwanted effects in cancer patients. Some of these plant-based,
physiologically active substances are naturally occurring. The examination of natural extracts
(from dehydrated or wet plant material) is the initial step towards potential biological action
against cancer and the creation of effective anticancer therapies based on phytochemicals
that have few adverse effects. The effects of the separated active phytochemicals are next
examined in vitro and in vivo using bioassay-guided fractionation (Ravina, 2011). Based on
their roles, chemotherapeutic drugs that target microtubules are classified into two groups:
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Paclitaxel (Taxol) is a microtubule stabiliser that promotes microtubule polymerization, which
causes difficulties in chromosomal separation and the cell cycle process. Paclitaxel is
commonly used to treat solid tumours such as advanced cases of ovarian and breast cancer,
non-small cell lung cancer (NSCLC), and Kaposi's sarcoma (Hennessy, Coleman &
Markman, 2009; Takashima et al., 2015). The other is vinblastine, a vinca alkaloid that
destabilizes microtubules and prevents cell growth mostly by binding to tubulin and
disassembling microtubules. According to Coderch, Morreale and Coderch, Morreale and
Gago, (2012) and Koontz et al. (2013), vinblastine is frequently used to treat cancers such
as choriocarcinoma, Hodgkin's disease, malignant lymphoma, osteosarcoma, breast,
ovarian, gastric, and lung cancers. Taxol and Vinblastine consequently interact with tubulin
in opposing ways (Shen et al., 2017).

Paclitaxel was found to be a component of the National Cancer Institute screening program
launched in 1960 by Dr. Jonathan L. Hartwell, and to have anticancer potential (Wani &
Horwitz, 2014). Scientist Wani and his group isolated and identified paclitaxel (which they
termed Taxol®) from the bark extract of the Pacific Yew Tree (Taxus brevifolia) and conveyed
their findings (Wani et al., 1971). Nonetheless, the mechanism of action of paclitaxel as an
anticancer medication attracted the interest of cancer pharmacology or pharmaceutical
corporations. Dr. Horwitz's laboratory inspected and confirmed that paclitaxel besides having
powerful cytotoxic properties capable of inhibiting the developmental development of human
cervical cancer cells (HeLa) at nanomolar concentrations, also detained cells in the mitotic
(M) phase of the cell cycle while not disrupting the S- phase (Horwitz et al., 1986; Schiff, Fant
& Horwitz, 1979). Scientists conducted more biochemical tests and experiments to discover
the significant and distinct features of paclitaxel (Rowinsky, Cazenave & Donehower, 1990).
Paclitaxel research as an anticancer agent is still ongoing decades later (Barbuti & Chen,
2015).

A vinca alkaloid anti-cancer agent is vinblastine. Vindoline and catharanthine are two
multiringed units that make up the structurally related vinca group of alkaloids (Jordan &
Kamath, 2007). Since the discovery of the vinca alkaloids' antitumor effects in 1959, they
have been effective in clinical settings. The periwinkle plant (Catharanthus roseus) extracts
were initially looked into for their alleged hypoglycemic characteristics, however it was
discovered that they also have antileukemic effects in vitro and marrow suppression in rats.
Vinblastine can suppress the immune system in some ways. Cell cycle phase-specificity is
thought to apply to vinca alkaloids. The interaction between vinblastine and tubulin, which
stops mitosis at metaphase, is considered to be responsible for the majority of the drug's
anticancer effects. (Jordan et al., 1998; Islam & Iskander, 2004). Vinblastine binds to the
proteins in the microtubules of the mitotic spindle, driving the microtubule-crystallisation and
causing mitotic arrest or cell death (Gupta & Bhattacharyya, 2003).

Source Plant Material
1. Madagascar periwinkle / Nayantara

Family: Apocynaceae
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Scientific Name: Catharanthus roseus (L.) G. Don
Synonym: Vinca rosea L.
2. Pacific yew
Family: Taxaceae
Scientific Name: Taxus brevifolia
Literature Review

Cancer is responsible for approximately 10 million annual deaths worldwide (WHO, 2022).
Cancer treatment includes, among other things, surgery, chemotherapeutic treatment,
radiation therapy, and medication, all of which not only significantly affect patients' financial
situations but also lead to resistance to drugs in patients over time. Implementing evidence-
based preventive strategies can prevent or treat a large number of cancer cases. Drugs made
from plants have emerged as promising anti-cancer treatments in both developing and
developed countries (Garcia-Oliveira et al.,, 2021). Some alkaloids have already
demonstrated efficiency in protecting us against cancer (Dhyani et al., 2022).

The Pharmacology of Paclitaxel:

Microtubules are a dynamic and complex web of tubulin heterodimers comprising and 3
subunits, participating in many essential cellular activities, including the formation of mitotic
spindle fibres required for M-phase cell division (Wilson, 1975). Microtubule-targeting
medicines, viz., colchicine and the vinca alkaloids, cause microtubule breakdown. Taxanes,
on the other hand, bind to tubulin and prevent microtubule disintegration. Antimicrotubule
drugs, whether depolymerizing or stabilising tubulin, alter microtubule dynamics, induce
mitotic arrest, and prevent cell division, eventually leading to programmed cell death
(Mukhtar, Adhami & Mukhtar, 2014). Paclitaxel, like docetaxel, belongs to the taxane class of
anticancer medicines. Though tubulin is the primary target for inducing apoptosis, paclitaxel
also targets mitochondria and prevents the apoptosis inhibitor protein B-cell Leukemia 2 (Bcl-
2) (Ferlini et al., 2003). Paclitaxel is a very hydrophobic medication that needs appropriate
delivery vehicles to properly allocate it into tumour tissues. Paclitaxel is now manufactured
and supplied to patients in either polyethoxylated castor oil (Cremophor EL, CrEL) or albumin-
bound (nab-paclitaxel, Abraxane®) form for efficient distribution. For many years, intravenous
(IV) administration of CrEL-paclitaxel, generally once every three weeks, was a standard
method, although it has been linked to hypersensitivity responses and neurotoxicity
(Fransson et al.,, 2011). Fresh paclitaxel preparations incorporating the utilisation of
nanoparticles, emulsions, liposomes, and micelles have been investigated to reduce toxicity
and improve transport and dispersion (Hennenfent & Govindan, 2006). Because it does not
include CrEL, Nab-paclitaxel, a newer albumin-bound paclitaxel nanoparticle version, has
been shown to reduce hypersensitivity responses. Indeed, Li et al. revealed variations in the
distribution of paclitaxel between CrEL- and nab-paclitaxel. When compared to CrEL-
paclitaxel micelles, nab-paclitaxel distribution to peripheral tissue was quicker (4-fold) and
more widespread (10-fold) (Li et al., 2015). The study also found that when liberated from the
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respective carrier complexes, tissue distribution of free and protein-bound paclitaxel was
restricted and sluggish, attesting to the drug's hydrophobic nature.

Taxanes are metabolised by cytochrome P450 enzymes in the liver and removed by biliary
excretion (Vaishampayan et al., 1999). Paclitaxel's known metabolites are largely inactive
when biotransformed by means of hydroxylation events. These are 6--hydroxypaclitaxel (via
CYP2C8), 3'-p-hydroxyphenylpaclitaxel (via CYP3A4), and 6--p-3-dihydroxypaclitaxel (by
subsequent CYP3A4 and CYP2C8 metabolism, respectively) (Rowinsky et al., 1993).
Paclitaxel's most serious side effects are neutropenia, peripheral neuropathy, and mild
cardiotoicity (Vaishampayan et al., 1999). Nonetheless, because paclitaxel is eliminated in
the bile, it is frequently the first choice of anticancer treatment in individuals with decreased
creatinine clearance or renal illness. The ATP Binding Cassette (ABC) transporter Bl
(ABCB1/MDR1/P-gp) has also been discovered to have a function in paclitaxel metabolism
(Fransson et al., 2011; Yamaguchi et al., 2006). The involvement of ABCBL1 in paclitaxel-
treated cells has been linked to drug resistance.

Paclitaxel has been authorised by the FDA to treat AIDS-related Kaposi sarcoma, breast
cancer, non-small cell lung cancer (NSCLC), and ovarian cancer, either alone or in
combination with other anticancer therapies. It is also being researched for usage in the
treatment of various malignancies, including head, neck, esophageal, bladder, endometrial
and cervical cancer. Recently, the FDA authorised Abraxane® to treat metastatic pancreatic
cancer, non-small cell lung cancer, and breast cancer. The drug management caution that
comes with these paclitaxel formulations states that patients' neutrophil counts should be
monitored to treat any bone marrow suppression (Barbuti & Chen, 2015). Neutropenia caused
by chemotherapy is a typical side effect of numerous anticancer medications.

Pharmacology of Vinblastin:

The natural Vinca alkaloid, Vinblastine, was first discovered in Catharanthus roseus. The
plant's potential as a chemotherapeutic agent was initially discovered when the extract was
offered to rabbits to investigate the plant's purported anti-diabetic effect. Because the rabbits
died of a bacterial infection owing to a huge deficiency of white blood cells in the experiment,
Vinblastine was assumed to be useful against white blood cell cancers such as lymphoma
(Noble, Beer & Cutts, 1958). It was originally isolated from Catharanthus roseus extracts due
to its suspected hypoglycemic effects. According to the National Center for Biotechnology
Information (2023), it shares structural similarities with two additional multi-ringed
compounds, vindoline and catharanthine. It adheres to tubulin and hinders the production of
microtubules, disrupting the construction of the mitotic spindle and stopping cancer cells from
progressing through the cell cycle's M phase. The metabolism of amino acids, cyclic AMP,
glutathione, calmodulin-dependent Ca++-transport, ATPase activity, cellular respiration, and
the synthesis of nucleic acids and lipids may all be affected by this molecule. It is used to
treat testicular cancer, breast cancer, Kaposi sarcoma, renal cell carcinoma, and Hodgkin's
and non-Hodgkin lymphomas. The characteristic side effects, like mucositis,
myelosuppression, anaemia, fever, and baldness, are brought on by unfavourable responses.
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Vinblastine is rapidly absorbed from the plasma and transported to tissues, notably the lung,
liver, spleen, and kidneys (Owellen & Hartke, 1975; Owellen, Hartke & Hains, 1977).
Vinblastine, like the other vinca alkaloids, is processed by the hepatic cytochrome P450 3A
enzyme. This pathway may be compromised in people with hepatic dysfunction and may be
influenced by various medicines that either promote or inhibit cytochrome P450 3A activity.
Vinblastine is mostly eliminated in the bile and faeces, with little excretion in the kidney (28).

The pharmacologic behaviour of Vinblastine is similar to that of Vincristine (Owellen, Hartke
& Hains, 1977; Zhou et al., 1990). Peak plasma drug concentrations are around 0.4 mol/L
following a fast intravenous injection of VBL at normal dosages. Similar to VCR, vinblastine
binds extensively to blood components and plasma proteins. Moreover, dispersion is fast,
with half-lives of roughly 4 min and 1.6 h for the and B phases, respectively. Similar to VCR,
tissue sequestration is significant, with 73% of radioactivity remaining in the body for six days
following radiolabelled medication administration (Ratain & Vogelzang, 1986). 20 to 24 hour
terminal half-life values have been recorded. Like the VCR, the hepatobiliary system is
primarily responsible for vinblastine disposal. Low fecal excretion of the parent substance
suggests significant metabolism. Its biotransformation appears to be mostly caused by the
cytochrome P450 CYP3A isoform (Zhou et al., 1990; Rowinsky, 2003). The primary
metabolite of VINBLASTINE is 4-diacetyl vinblastine, also known as vindesine (VDS), despite
the fact that its metabolic destiny has not yet been thoroughly characterized. (Rowinsky &
Donehower, 1991; Rowinsky, 2003).

Discussion

Paclitaxel has been used in several anticancer therapy regimens because it is an efficient
microtubule stabiliser and radiation sensitizer. However, paclitaxel's therapeutic effectiveness
has been proven to promote multidrug resistance (MDR) via numerous cellular contrivances
that have yet to be completely comprehended. Resistance to Paclitaxel has been reported to
comprise both tubulin mutations, modifications in the binding areas of -tubulin, decreased
efficacy of key creator proteins of apoptosis, and variations in cytokine release, in addition to
over-expression of the ABCB1 and ABCC10 efflux transporters. Paclitaxel will be delivered
to tumour tissue by novel drug delivery technologies such as nanoparticles and targeted drug
conjugates, allowing for improved anticancer efficacy and safety. Moreover, novel drugs, as
well as already authorised small molecule inhibitors, must be investigated in order to
counteract the ABC transport-mediated MDR associated with paclitaxel resistance. Paclitaxel
(Taxol®) has been isolated and identified for over 40 years, and its exclusive pharmacokinetic
and pharmacodynamic anticancer features continue to support its therapeutic importance.
Paclitaxel treatment will continue to transcend the centuries of cancer therapy with additional
research focused on identifying the origins of de novo and acquired resistance, together with
improved chemotherapy and radiation.

Vinblastine is a mitotic inhibitor used in the treatment of leukaemia, non-lymphoma, Hodgkin's
lymphoma, breast malignancies such as breast carcinoma, Wilm's tumour, Ewing's sarcoma,
small-cell lung cancer, testicular carcinoma, and germ cell tumours (Dandamudi & Campbell,
2007; Moudi et al., 2013). Vinblastine inhibits not just tumour development but also malignant
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angiogenesis and can bind selectively to tubulin, blocking polymerization and following
microtubule attachment (Dandamudi & Campbell, 2007; Moudi et al., 2013).

They inhibit microtubule dynamics when administered at very low concentrations and lower
microtubule polymer mass when doses are increased. Recent research indicates that they
can form microtubule fragments by inducing detachment from microtubule organising centres.
These studies show that increased microtubule dissociation from spindle poles correlates
best with cytotoxicity (Ganguly et al., 2010). However, research into the process is still
ongoing since new findings reveal Vinblastine triggering apoptosis that is phase-independent
in some leukemias (Salerni et al., 2010).

In combination with other chemotherapeutic medicines, Vinblastine can treat a wide range of
cancers. Vinblastine, cisplatin, and radiation treatment, or VCRT, are used to treat non-small-
cell lung cancer stages IlIA and 11IB (Waters et al., 2010). In patients with disseminated non-
seminomatous germ-cell cancers, CISCA/VB (cisplatin, doxorubicin, cyclophosphamide,
Vinblastine, and bleomycin) is used (Fizazi et al., 2002). As a conventional chemotherapy
treatment for Hodgkin's lymphoma it is used along with doxorubicin, bleoycin, and
dacarbazine (Schwenkglenks et al., 2010).

Although simple diffusion-like non saturable mechanisms, which are temperature-
independent, probably account for the bulk of drug transport (Zhou, Placidi & Rahmani, 1994).
This is contrary to the widespread belief that the cellular entry of the Vinca alkaloids occurs
through both energy and temperature-dependent transport methods. Drug exposure over a
critical threshold concentration is the significant predictor, although drug concentration and
treatment time are also significant factors in drug accumulation and cytotoxicity, according to
the majority of the evidence now available (Jackson & Bender, 1979). Vinblastine side effects
include toxicity to white blood cells, nausea, vomiting, constipation, dyspnea, chest or tumour
discomfort, wheezing, fever, and, in rare cases, antidiuretic hormone production (Chen &
Zhang, 2004).

Table 1: Comparative Account between Paclitaxel and Vinblastine

Paclitaxel (Taxol) Vinblastine (Velban)
Chemical Ca7Hs51NO14 Ca6Hs8N4Og
Formula:
Molecular 853.9 g/mol (Computed by PubChem, 811 g/mol (Computed by PubChem,
Weight: 2019) 2019)
Discovery First isolated in 1971 by First isolated in 1958 by Robert Noble,
Mansukhlal C. Wani, Harold Lawrence | Charles Thomas Beer and Cultts, J.H.
Taylor, Monroe E. Wall, Philip Coggon,
and Andrew T. McPhalil
Chemical Tetracyclic diterpenoid, lipophilic in | Natural Vinca Alkaloid comprising of two
Nature nature multiringed units: vindoline and
catharanthine
Source Plant | Bark of pacific yew tree Taxus brevifolia | Mainly obtained from leaves and partly
Part from stems and buds of Catharanthus
roseus

20 Progress in Chemical and Biological Science



Paclitaxel and Vinblastine in Cancer Therapy

Physical This anti-neoplastic drug appears as White to slightly yellow crystalline solid,
Nature fine white powder. melting point is 267°C
Uses Ovarian cancer, breast cancer, AIDS | Hodgkin's lymphoma, non-small cell lung
related Kaposi's sarcoma cervical | cancer, bladder cancer, brain cancer,
cancer, pancreatic cancer and lung | melanoma, breast cancer and testicular
cancer. cancer
Mode of Paclitaxel disrupts the normal function | The primary mechanism by which
Action of microtubule development by hyper- | vinblastine suppresses mitosis during
stabilizing its structure. This robs the cell | metaphase is thought to be its interaction
of its capacity to employ its cytoskeleton | with tubulin. Vinblastine interacts to the
flexibly. Paclitaxel specifically targets | microtubular proteins in the mitotic spindle,
the tubulin subunit. Tubulin is the | resulting in crystallisation and mitotic arrest
"building block" of mictotubules that | or cell death.
holds them together. This has a
negative impact on cell function since
microtubule shortening and lengthening
is required for their function as a
transportation highway for the cell.
Paclitaxel causes programmed cell
death in cancer cells by attaching to an
apoptosis-inhibiting protein called Bcl-2
(B-cell leukaemia 2) and therefore
terminating its action.
Conclusion

The current review aims to assess the anticancer activity of two distinct phytochemicals -
Paclitaxel and Vinblastine. Cancer is a constant threat to mankind. These two natural cancer
chemo-preventive substances are capable of preventing or suppressing carcinogenesis.
Paclitaxel is a medication that is used exclusively or in combination with other medications to
address AIDS-type diseases, Kaposi's sarcoma, advanced ovarian cancer, some forms of
breast cancer, and non- small cell lung cancer. To treat various forms of cancer, Paclitaxel is
being tested. Paclitaxel inhibits cancer cell growth and division, perhaps killing them.
Vinblastine has long been used for several forms of advanced lymphomas, and also as a
chemotherapy ingredient for germ cell malignancies. Vinblastine has previously been used
wholly or in conjunction with other medications to treat different types of cancer. The process
of researching and developing these medications will provide additional significant future
revelations.
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