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SUMMARY

Cryptolepis sanguinolenta (LindL.) Schltr
(Periplocaceae), has a longstanding traditional use in
the treatment of malaria in the West African region.
Recent evidence suggests that the aqueous extract from
the roots and the major alkaloid from the plant,
cryptolepine, have prospects as cancer
chemotherapeutic agents on account of their potent
cytotoxicity to mammalian cells. Several mechanisms
have been proposed to explain the cytotoxic activities
of the agents. However, emerging evidence from their
anti-inflammatory actions suggest that the mechanism
of the cytotoxicity may be closely related to its anti-
inflammatory activity. This review looks at the
mechanisms of cryptolepis-induced cytotoxicity, its
link with inflammation and its potential as anticancer
agent. The elucidation of these interwoven mechanisms
may be useful in the development of cryptolepine or
other analogues as new anticancer agents.

INTRODUCTION

Cryptolepis sanguinolenta (Lindl.) Schltr
(Periplocaceae) is a popular Central and West African
anti-malarial plant that has attracted scientific research
for the past four decades. Its numerous biological
effects’*’ have been attributed to its main alkaloid,
cryptolepine (Figure 1). Recently, cryptolepine has
shown great potential as a candidate anti-cancer
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Figure 1 Cryptolepine, the main alkaloid from the
aqueous root extract of Cryptolepis sanguinolenta.
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The worldwide increase in cancer incidence, reported
treatment failures and the side effects associated with
most of the conventional anticancer medications call
for further research and exploration for newer agents
for cancer management. Several studies with
cryptolepis and its major alkaloid show very potent
cytotoxic activity*>’ and multiple mechanisms of
action have been suggested. Recent emerging evidence
also suggests that the mechanism of the cytotoxicity
may be closely related to its anti-inflammatory actions.

This paper examines the interwoven mechanisms
involved in the cytotoxicity and anti-inflammatory
activity of cryptolepis and its alkaloid, cryptolepine,
and suggests possible roles that cryptolepis and
cryptolepine could play in the management of certain
forms of cancer.

Cytotoxicity of Cryptolepis and Cryptolepine

Prior to the discovery of cryptolepis’s cytotoxicity
against several mammalian cancer cell lines in vitro® its
main alkaloid, cryptolepine, was empirically believed
to have the potential to interact with DNA due to its
apparent structural similarity to 9-aminoacridine,
which intercalates DNA.* Subsequently, it was shown
to bind to DNA and inhibit DNA synthesis.” At the turn
of the 21" century, cryptolepine and its structural
analogues were known to have DNA and
topoisomerase II as their principal targets.'’

Cryptolepine was first shown as cytotoxic due to its
reported interference with the nuclear ubiquitous
enzyme topoisomerase I."° Topoisomerase Il
inhibition is a major mechanism of several anticancer
agents including etoposide to induce apoptosis.'
However, cells treated with cryptolepine in vitro have
very low survival rates.* This report together with the
fact that cryptolepine unlike other topoisomerase II
inhibitors had low mutagenicity'>"’ suggested that
topoisomerase II inhibition may not wholly account for
the cytotoxic action of cryptolepine.
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Indeed in cell cultures, cryptolepine showed G1 and
sub-G1 peaks characteristic of apoptotic cell
population.*”

It has already been proposed that p53 may be involved
in the cellular response to DNA damage, producing
arrest in the G1 phase of the cell cycle to allow
efficient repair of DNA before entry to S phase, or cell
death if the damage is too overwhelming to be
repaired.'*"” The work by Zhu and Gooderham,
(2006)° in human lung adenocarcinoma A549 cells
lines showed that cryptolepine provokes p53
accumulation at all concentrations. At the molecular
level, cryptolepine has a unique planar structure
allowing it to slide into DNA and intercalating it
particularly at CG rich regions and non-alternating CC
sites.’ Furthermore, accumulation of DNA strand
breaks is a well-known stimulus for elevating p53
protein levels and for activating p53-mediated
signaling pathways.'®!”

This alteration in DNA structure and function lead to
activation of p53 and subsequently its transcriptional
targets such as p21."" Cryptolepis treatment inhibits
Bcl-2, a protooncogene blocking apoptotic cell death,
and causes the release of cytochrome C into the
cytosol.*” The overall executioner of apoptosis is
caspase'” and cryptolepine efficiently promotes the
activation of caspase-3 but has a modest effect on
caspase 8, suggesting a mode of apoptotic cell death
executed at least in part through the mitochondrial
pathway.*”’

Pathophysiology of Cancer and the link with
Inflammation

It has been shown that inflammation is closely linked
to tumour promotion and nearly all tumors have
inflammatory cells present in them irrespective of the
underlying cause of the tumor.*® Inflammation can alter
the expression of oncogenes and tumor suppressor
genes, induce genomic instability, increase
angiogenesis, alter the genomic epigenetic state and
increase cell proliferation to promote neoplastic
transformation.”' Carcinogenesis affects the expression
of various inflammatory genes and leads to recruitment
of inflammatory cells. Evidence from several studies
demonstrates that certain anti-inflammatory drugs
(NSAIDS) have been associated with reduced risk of
several different types of cancer suggesting a link
between inflammation and cancer.”

Molecular mediators common to inflammation and
cancer

Several molecular pathways connect chronic
inflammation with oncogenic transformation. Common
inflammatory ~ mediators  including  cytokines,
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chemokines, reactive oxygen and nitrogen species,
COX-2 and NF-kB can lead to cellular conditions
favorable for tumor promotion.

Cyclooxygenase-2 (COX-2)

Prostaglandins (PGs), the main products of COX 2
activity affect cell proliferation, mitosis, cell adhesion,
apoptosis and immune surveillance. Over-expression
and up-regulation of COX-2 have been found in
cancers of the breast, colon, lung, pancreas, head and
neck cancers in humans.*?** different types of
tumours and transformed cells.”**”** COX-2 prolongs
the survival of malignant or transformed cells, elevates
Bcl-2 protein expression (anti-apoptotic factor) and
diminishes levels of transforming growth factor beta-2
(TGFB-2) receptor and E-cadherin.”

Inducible nitric oxide synthase

Inducible nitric oxide synthase (iNOS) is one enzyme
that works synergistically with COX-2. Up-regulation
of COX-2 and iNOS has been associated with
pathophysiology of certain types of human cancers.
iNOS catalyzes the oxidative deamination of L-
arginine to produce NO, a potent pro-inflammatory
mediator. NO has multiple roles in mutagenesis and
carcinogenesis.”***'***  This is evident by the
observation that inhibition of NO release cause
profound suppression of PG production.’* Over-
production of reactive oxygen and nitrogen species
(RONS), aberrant inflammatory cytokine and
chemokine expression, increased COX-2 and nuclear
factor kappa B (NF-kB) expression are some of the
molecular factors that contribute to inflammation-
induced carcinogenesis.

Nuclear Factor kappa Beta (NF-kB)

NF-kB is a transcription factor and a key mediator of
inflammation-induced carcinogenesis. NF-kB has a
variety of pro-tumorigenic activities. Under normal
cellular conditions, NF-kB binds to and is negatively
regulated by inhibitor of kappa B (ikb) in the
cytoplasm. The NF-kB can be detected in its inactive
form in the cytoplasm of almost all cell types.’>”°
Following an inflammatory episode, inhibitor of kappa
B is phosphorylated and undergoes proteosomal
degradation. This allows an activated NF-kB to
translocate to the nucleus where it activates the
transcription of target genes. NF-kB appears to be the
endogenous link that induces expression of COX-2,
TNFa and iNOS *7*%3%40

Although experimental data clearly suggest that NF-kB
is a major regulator of the inflammatory reaction by
controlling the expression of pro-inflammatory
molecules in response to cytokines, oxidative stress
and infectious agents’*>, NF-kB also regulates genes
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including c-Jun-N-terminal kinase, inhibitors of
apoptosis proteins 1 and 2, TNF receptor-associated
factors 1 and 2, protein 53 (p53), B-cell CLL/
lymphoma 2, chemokine (C-X-C motif) receptor 4,
vascular endothelial growth factor and angiopoetin,
leading to pro-tumorigenic angiogenesis, metastasis

and increased cell resistance to necrosis and
apoptosis.”"*
Cryptolepis/Cryptolepine as potent anti-

inflammatory agents

Cryptolepis is used traditionally to manage fevers and
other febrile conditions. Bamgbose and Noamesi*
reported the potent anti-inflammatory activity of
cryptolepine, the major alkaloid of cryptolepis. The
study reported on the ability of cryptolepine to directly
antagonize the actions PGE, without affecting
prostaglandin synthesis in the perfused lung of the
rainbow lizard. At the time of the study, very little was
known about the isoenzymes of COX but the study
well established that the mechanism of the anti-
inflammatory activity of cryptolepine may be slightly
different from that of conventional NSAIDS.

Subsequently, Olajide et al, had argued that the anti-
inflammatory activity of cryptolepis and cryptolepine
was due to inhibition of COX-2 and hence its apparent
low ulcerogenic activity in rats.******* Together, the

above findings are in agreement  that
cryptolepis/cryptolepine inhibits prostaglandin E,
activity. In addition, other key promoters of

inflammation such iNOS and NF-kB were all affected
by cryptolepine.

Is the cytotoxic action of cryptolepis/cryptolepine
linked with its anti-inflammatory activity?
Substances with potent anti-inflammatory activity
inhibit carcinogenesis and mutagenesis.*””" This has
been shown for several anti-inflammatory agents.
Inhibition of COX-2 activity is thought to be one of the
mechanisms by which NSAIDs exert their
antineoplastic effects.”'”> More than 85% of human
cancers have increased levels of COX-2 when
compared  with  adjacent normal tissue.”>*
Cryptolepine exhibits potent cytotoxicity and potent
anti-inflammatory activity.*>***"*  Protein 53 (p53)
and NF-kB are key mediators of both processes.

Protein 53 is the cellular gate keeper of cytotoxicity.
The p53 protein is up-regulated in response to a diverse
array of cellular stresses, including DNA damage,
hypoxia, oxidative stress, ribonucleotide depletion, and
oncogene activation.”® This tumour suppressor
protein inhibits cell growth through activation of cell-
cycle arrest and apoptosis and more than half of all
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human tumours have either mutation within the p53
gene or defects in the ability to induce p53.

NF-kB is a major regulator of the inflammatory
reaction by controlling the expression of pro-
inflammatory molecules in response to cytokines,
oxidatives stress and infectious agents.‘”’57 Pro-
inflammatory mediators promote tumourigenesis and

carcinogenesis. NF-kB acts as anti-apoptotic by
inducing the expression of the inhibitors of
apoptosis™> % and some members of the anti-apoptotic

Bel-2 family®"** which also antagonize the function of
the pro-apoptotic members including A1/BFL1 and
Bel-XL of the family, and subsequently suppress
apoptosis induced by both extrinsic and intrinsic
pathways through direct inhibition of effector caspases
(caspases-3, -6, -7, and 9).

In transformed cells, molecular alterations result in
impaired regulation of NF-«xB activation leading to loss
of its inducibility and activation constitutively. This
leads to deregulated expression of genes under NF-kB
control. Among them are genes involved in regulation
of apoptosis, cell cycle control, adhesion or migration.
Since alterations in all these processes participate in
development and progression of cancer, there is a clear
link between NF-kB and carcinogenesis.

NF-kB has pro-apoptotic activity as well. Other reports
indicate that induction of NF-kB is also associated with
growth arrest and cellular differentiation.”*** In
particular, NF-kB stimulates the tumor suppressor gene
p53%, which is key to apoptotic cell death. The dual
role of NF-kB in cell survival and cell death may be
due to several reasons and mechanisms as well as the
structure and function of NF-kB. The mammalian NF-
kB transcription factor family is not a single gene but a
family of closely related genes producing five proteins
of two subfamilies: Rel subfamily, (Rel B, p65 (Rel A),
and (:—Re1)42’66 which contain C-terminal transactivation
and p50 and p52 proteins, which lack transactivating
C-terminal region domains.**® The different NF-kB
family members can form hetero- or homodimers to
produce 15 possible NF-kB transcription factor
complexes Hetero- or homo-dimers containing Rel
proteins are activators of transcription whilst
homodimers of p50 or p52 act as repressors of gene
transcription.***® This explains why NF-kB acts as
activator or repressor of transcription in normal cells.

Inhibition of NF-kB activity and up-regulation of
p53 is responsible for anti-inflammatory and
cytotoxicity of cryptolepis/cryptolepine

Current trends suggest that the interplay between NF-
kB and p53 determine cell survival and cell death.
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Under normal conditions in cells, Hdm2 inhibits p53-
induced apoptosis. The Hdm2 promoter contains an
NF-kB binding site. This process prevents p53 from
triggering  apoptosis.  Aberrant expression and
activation of NF-kB suppress the activation of p53
thereby inhibiting the induction of p53 target genes and
DNA damage-induced apoptosis leading to increase
cell survival and resistance to apoptosis.”” Once the
activity of NF-kB has been reduced, Hdm2 inhibition
of p53 is attenuated and the cell proceeds through a
pS3-mediated apoptotic pathway. This leads to the
inhibition of the expression of inflammatory genes and
consequent reduction in tumor incidence.

Cryptolepine as inhibitor of NF-kB activity and an
inducer of p53

Cryptolepine inhibits the activity of NF-kB.* The
interaction of cryptolepine  with NF-kB may be
different from other conventional anti-inflammatory
agents, which act by inhibiting IKK. Cryptolepine acts
downstream by interfering with the DNA binding
capacity of NF-kB and inhibiting NF-kB-mediated
gene t.expression.45 This impairs the initiation of
transcription of not only pro-inflammatory proteins, but
also regulators of the NF-kB pathway such as IkB.
Cryptolepine does not interfere with phosphorylation
and degradation of IkB or the nuclear entry of NF-kB.
Evidence supporting this pathway is that, substances
with thiol groups such as DTT are able to reduce the
effects of cryptolepine on NF-kB as they compete with
cryptolepine for CC sites of DNA reducing
intercalation.*

The cytotoxicity of cryptolepine is likely to be
mediated by activation of p53 as genes that activate
cryptolepine induced-cell death are regulated by
expression of p53.*° The key to effective cancer
therapy is activation or re-introduction of p53 induced
apoptosis in tumour cells.
Cryptolepis/cryptolepine as candidate anticancer
agents

The potential of cryptolepine as an anticancer agent has
never been disputed. Cryptolepine also posseses
several advantages over mainstream anticancer agents.
Preclinical studies with cryptolepine, the main alkaloid
of cryptolepis, show that it has activity against several
solid human tumours with breast tumours being the
most sensitive.” Cryptolepine, however showed
differences in activity in patient tumour samples in
both solid tumours and haematological malignancies.’
Interestingly, cisplatin a standard cytotoxic drug is
known to exhibit that property. Perhaps the reason why
cryptolepine shows prominent activity in breast
tumours may be related to its ability to affect cyclins
D1, D2, D3 and cyclin E, which control cell cycle
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progression, as NF-kB-induced cyclin D1 expression
appears to be a key element in mammary gland
development and breast carcinogenesis.”

Cryptolepis/cryptolepine and prostatic disorders

We recently observed in our laboratory that cryptolepis
is potently antiandrogenic in rodents and aves. Its
potency by our estimation is thirty times less than
cyproterone acetate.69Androgens are required for the
normal growth and development of the prostate and
have been implicated in the pathogenesis of Benign
Prostatic Hyperplasia (BPH).” With its potent
cytotoxicity, anti-inflammatory, anti-androgenic
activity and its ability to antagonize NF-kB, we
reasoned that cryptolepis/cryptolepine may be more
effective in the management of androgen sensitive
prostate cancers in men either as monotherapy or in
combination with other anticancer agents.

Cryptolepis and cryptolepine may also be beneficial in
other forms of prostate disorders particularly those that
are non-androgen dependent. There is considerable
experimental and epidemiological data suggesting the
involvement  of  obesity, insulin resistance,
hyperinsulinaemia, hyperlipidemia in the pathogenesis
of Benign Prostatic Hyperplasia (BPH).”'~’* Many risk
factors for BPH such as insulin, insulin like growth
factors (IGFs), and dyslipidaemia might act through
androgen-independent mechanisms.””®

Insulin-resistance generally precedes Type 2 diabetes
by 10 to 20 years” and is associated with a group of
disorders such as obesity, dyslipidemia,
hyperglycaemia, hyperinsulinemia and hypertension.
Recently it has been reported that the higher serum
LDL is associated with greater risk of BPH  and
might be one of the important risk factors in the
pathogenesis of BPH.* Report by Luo et al., 1998 *'
showed that cryptolepis/cryptolepine caused significant
decrease in plasma glucose when given orally to a
mouse model of diabetes. Traditionally, cryptolepis is
used for such purposes. This reduction in glucose
consequently leads to significant decline in plasma
insulin concentration in hyperinsulinaemia.

Cryptolepis/cryptolepine can interact with insulin and
COX-2 in managing BPH. IGFs, especially IGF-II, are
directly involved in tumorigenesis.*”* IGF-II exerts its
mitogenic activity through the insulin-like growth
factor Type 1 IGF receptor (IGF-IR) ¥ and activation
of IGF-IR up-regulates phosphatidylinositol = 3-
kinase/AKT-kinase = (PI3k/AKT) signaling and
increases  proliferation and survival. ~Among
mechanisms regulating IGF-IR expression, the
PI3k/Akt pathway plays a crucial role in its
expression.*
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COX-2 activates the Akt pathway through PGE, in
colon cancer cells >, indicating that COX-2/PGE; is
involved in IGF-IR expression and subsequent
inhibition leads to decrease in tumorigenesis.

Cryptolepis and resistance to chemotherapy.
Resistance during chemotherapy is one of the main
problems encountered in cancer treatment. This has led
to the use of more than one anticancer agent for cancer
management. This practice increases the side effects as
well as the cost of chemotherapy. Laryea e al., (2009)’
reported that cryptolepine was largely insensitive to
established anti-cancer drug resistance mechanisms in
preclinical studies. It has been hypothesized that
tumors with constitutive NF-kB activation usually
show increased resistance to chemotherapy and NF-kB
may be responsible for blocking the efficacy of
chemgqstherapy and radiation in some types of tumor
cells.

One of these target proteins is the FLICE-like
inhibitory protein (FLIP) which shares a high degree of
homology with caspase- 8 but lacks protease activity.
FLIP competes with caspase-8 for the binding to the
Death-Inducing  Signaling Complex and FLIP
expression may explain the resistance to death receptor
apoptosis in some types of tumors.****It has been
demonstrated that inhibition of NF-kB improves the
apoptotic response to radiation therapy and
chemotherapy.” It has been suggested that NF-kB
may induce the expression of the multidrug resistance
P-glycoprotein. It is probable that the insensitivity of
cryptolepine to established anti-cancer, antiplasmodial
and antimicrobial mechanisms and its activity against
chloroquin resistant falciparium””*®' is due to its
effects on NF-kB and its interaction with multidrug
resistance P-glycoprotein. This raises the possibility
that cryptolepine may enhance sensitivity of cancer
cells to chemotherapy and radiotherapy.

Low mutagenicity of cryptolepis/cryptolepine.
Contrary to the mutagenic and genotoxic effects
associated with many anticancer agents and cytotoxics,
chronic cryptolepis usage may offer chemoprotection
against the development of some cancers such as
breast, prostate and colorectal cancers. In in vivo and
in vitro models, cryptolepis/cryptolepine exhibits low
mutagenic potential.'>"> This appears to be closely
linked to chemoprotective effects on carcinogenesis
and mutagenesis exhibited by anti-inflammatory
agents.*”*" Several mechanisms employed by mutagens
are also targets for cryptolepis.

It appears that the genesis of mutagenesis is alterations
in essential DNA processes, which do not overwhelm
the cell to cause death, but rather stimulate the
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initiation of repair of DNA aberrations in surviving
populations ***°. NF-kB upregulates genes such as
COX-2, iNOS """ and other non NF-kB targets such
as topoisomerase II and the multiple pathways either
singly or synergistically promote mutagenesis.
Interestingly, cryptolepis/cryptolepine inhibits most of
the pathways needed for neoplastic and metastatic
transformation.

Potential limitations of cryptolepis/cryptolepine as
novel anticancer agents

Despite its promising activity in preclinical and in vitro
studies, cryptolepine has not left the confinement of the
laboratory and has never entered any clinical study for
assessment of its potential in cancer treatment. This
may be related to the notion that anticancer agents that
target DNA are relatively non-selective as both normal
and tumour cells could be affected. There have been
many structural modifications on the parent molecule
in many laboratories to reduce its DNA intercalation
and potential toxicity. It is thought that in some forms
of cancers, local application and tumour targeted
delivery of cryptolepine may be beneficial and may
minimize systemic toxicity.

In recent times, there has been considerable interest in
the use of cryptolepis rather than cryptolepine. In our
laboratory, a thin layer chromatogram of cryptolepis
shows only cryptolepine as the major constituent
suggesting that other components may be minor in
relation to cryptolepine.” Cryptolepis is used
traditionally for the management of several diseases
and has recently undergone a clinical study in Ghana as
an antimalarial.'® 1t is relatively safe with its LDs
estimated to be above 5000 mg/kg in rats.'” It is
possible that other minor components may modulate
the effects of cryptolepine in the aqueous extract and
that property may be lost when cryptolepine is used as
a pure compound.

Potential effect of cryptolepis/cryptolepine on the
renal system

Cryptolepis/cryptolepine is anti-inflammatory and
cytotoxic with the inhibition of COX-2 and NF-kB as
principal mechanisms. We hypothesized that the
kidneys could be a principal target for cryptolepine
cytotoxicity as renal failure is a common complication
of NSAIDs abuse'** ' and cancer chemotherapy.

In our laboratory, we noticed that cryptolepis at a dose
beyond 100 mg/kg; p.o progressively induced an
apoptotic-like cell death in the kidneys of mice. ® The
process begins with condensation of groups of cells to
form a multinucleated cell in tissues of the renal cortex
and parts of the medullary regions. These cells pick up
stain and appear dark, an indication of a condensation
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of their nuclear material. Many groups of cells undergo
this process in the renal cortex but the surrounding
tissues remain undisturbed. The bulk of the damage
occurred in the renal cortex but major necrotic lesions
were observed in the medulla.

To the best of our knowledge, this is the first
demonstration of apoptosis induced by aqueous

Cryptolepis sanguinolenta in vivo.

Figure 2 Induction of apoptotic-like cells in the renal cortex of mice treated with cryptolepis. (A) represents photomicrograph of
the renal cortex of untreated mouse. (B) represents the renal cortex of mice after 14 days treatment with cryptolepis (100 mg/kg;
p. 0). Arrows show systematic renal damage by cryptolepis: condensation of groups of cells and renal lesions. (C) is a renal
interstitium of mice showing a multinucleated cell after 14-day treatment with cryptolepis (100 mg/kg p.o)

The reason for the present observation is that
prostaglandins are essential for renal function. The
kidney synthesizes prostaglandins from different
locations, including afferent and efferent arteriole,
glomeruli, and tubular system. It is highly possible
that this effect of cryptolepis may be related to its
inhibition of the activity of prostaglandins. COX-2
null mice develop severe nephropathy.”'®® In
humans, selective COX-2 inhibition causes sodium
and water retention and transient decrease in
glomerular filtration rate.'**'"’

CONCLUSION

Overall, this review has shown that the
cytotoxicity and anti-inflammatory activity of
cryptolepis/cryptolepine are closely linked and are
likely to be mediated by interference with NF-kB
activity  leading to  down-regulation  of
inflammatory and anti-apoptotic genes such COX-
2, iNOS, TNFa, Bcl-2 and up-regulation of pro-
apoptotic genes such p53, p21, Bax, caspase and
cytochrome C. Interference of NF-kB activity
downstream by cryptolepis/cryptolepine may be
exploited in cancer treatment or to enhance
sensitivity of cancer cells to chemotherapy and
radiotherapy. The properties of the agents clearly
suggest that they have prospects as anticancer
agents particularly in breast and prostate cancers.
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