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Review on anticancer mechanisn of sane plant alkaloids

CHENGL ei, ZHOU X iu-jia
(College of Traditional ChineseM ateriaM edica, Shanghai U niversity
of Traditional ChineseM edicine, Shanghai 201203, China)

Abstracts A lkaloids derived from natural products have long been used as a fertile source of cure for cancer,
w hich isbelieved to beone of themajor causesof death in this century. Thisarticle revien s the recent advances of
many structuresof alkaloids in understanding mechanisn of action at themolecular, cellular and physiological lev-
els The mportant molecules discussed include vincristine, vinblastine, canptothecin, clchicine, ellipticine etc
The review al® discussed the potential use of plant alkaloidson multidrug resistance
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H erbal medicine has been used for treatment of differ-
ent diseases in China for thousandsof years Recent studies
have damonstrated that phytochamicals of many classes in
herbal medicine have thergpeutic use N umerous in vitro
studies on different cell lines and in vivo study of alkaloids
have reported™ ! that alkaloids possess anticancer activi-
ties Thisreviev ams to give an overview of the phamaco-
logical effectsof alkaloids in the treatment of cancer. Possi-
ble mechanisn s of action of some alkaloids, includingV inca
alkaloids, camptothecins, ellipticine, were al® discussed in
the paper.

1 M echanisn of action of different alkaloids

1 1 Vinca alkaloids V inblastine and vincristine, com-
monly tetmed V inca alkaloids, are ilated from Catharan-
thus roseus (L. G Don) leaves in the late 1950's V inca al-
kaloids binds to tubulin, a dmeric cellular protein playing a
crucial role in cell structure and in the organization of chro-
mosomes This binding inhibits the polymerization of tubu-
lin into microtubules rather than interferesw ith the mitotic
process and induces the arrest of cells in mitosis

The tubulin isotype compostion of microtubules is an
mportant deteminant in antineoplastic activity of V inca al-
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kaloids In vitro study has shown that Stubulin itype
composition affects microtubule sensitivity to Vinca alka-
loids™. M olecular approaches using quantitative sedimenta-
tion velocity have already proved that the tubulin iotype
composition of various tissues or tumoursmay al deter-
mine the clinically observed drug toxicity. Themodynamic
paraneters for vincristine-, vinblastine- or vinorelbine-
interaction w ith different purified isotypesof tubulin had al-
D been detemined Small but significant differences in cer-
tain individual themodynamnic paraneters were found for
vincristine and were not observed w ith vinblastine or vi-
norelbine But in cells, microtubules are composed of a
backbone of tubulin dmers and microtubule-associated pro-
teins, temed M A Ps which have been shown to regulate
tubulin polymerization function and modulate the activity of
tubulin-interaction agents such asV inca alkaloids

On the other hand, it had been shown thatV inca alka-
loids als affected microtubules in interphase cells, w hich is
asciated w ith the cytoskeleton network influencing the in-
tracellular migration of oncogenes A nd such effectsof Vin-
ca alkaloidson them icrotubulesof interphasic cellsmay als
influence their antitumour activity. A ctivities of four V inca
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alkaloidson themost dynam icm icrotubulesw ere investigat-
ed inmitosisand in interphase by evaluating the disturbance
of the metgphase plate and the slitting of the diplosome,
regectively. Cytotoxicity, mitotic disturbance and diplo-
ome litting were observed in vinblastine, vincristine,
vindesine and vinorlbine, although these events occurred at
ten times higher concentrations in the case of vinflunine
Hence, dynamicmodifications of both themitotic and inter-
phasic microtubule cytoskeleton are compatiblew ith in vitro
cytotoxicity of vinflunine, raising questions about the con-
ventional biochemical screening of theseV inca alkaloids

In addition to their antimitotic effects, the effects of
vinblastine on angiogenesisw ere ecifically studied: in vit-
ro, vinblastine had inhibitory effect at non-cytotoxic doses
and in a concentration-depedent fashion, on endothelial cell
proliferation, chemotaxis, reading on fibronectin and
morphogenesis on M atrigel; the antiangiogenic effects of
vinblastine w ere confimed in vitro using the chick enbryo
chorioallantoic menbrane model and these effects were
rgpidly abolished w hen vinblastinew as renoved T he anti-
vascular effects of other newer V inca alkaloids, such as vi-
norelbine and vinflunine, were al® established using the
MAC 1A
model® Furthemore, it was emphasized that for vinflu-

tranglantable murine clon adenocarcinoma

nine therew as a clear separation betw een the antiangiogenic
dose and themaximum tolerated dose In addition, reduced
tumour oxygenation by treatment w ith vinblastine was re-
cently observed in vivo'®. This study using non-invasive
techniques such asmagnetic resonance maging and electron
paranagnetic reonance oxymetry, demonstrated that vin-
blastine caused a profound reduction in tumour blood flow
and oxygenation w hich could have resulted from the effects
of vinblastine on tumour vasculature Nev V inca alkaloids
should certainly be screened for any novel antiangiogenic
properties

By flow cytometry using nuclear staining and annexin
V, vinorelbine and vincristine had been demonstrated to in-
duce both mitotic arrest and apoptosis in leukemia and lym-
phoma cells, in a drug exposure tme dependent manner.
CPP32 or cagpase-3w as a critical gpoptosis inducer. Its ac-
tive subunits p20 and p11 w ere up-regulated in cheno- and
gooptosissensitive lymphoma and leukemia cells treated
w ith vinorelbine These observations suggested that w idely
divergent exogenous stimuli and chemotherapeutic agents
can affect gpoptosis in cancer cells via different pathw ays in-
volving the cagpases

Fukuoka et al ! reported that vinorelbine at a mini-
mally toxic concentration moderately sensitized human non-

snall cell lung cancer cells to radiation by causing accumula-
tion of cells in the G2/ -phase of the cell cycle Prologned
G2M  accumulation concomitant with continuous poly-
ploidization and increased susceptibility to induction of apop-
tosismay be asociated w ith the cellular mechanisn of ra-
dio-sensitization produced by vinorelbine
1 2 Canptothecins Camptothecin (CTP) is a naturally
occurring cytotoxic alkaloids derived from the Chinese tree
Camptotheca acuminata Decne It is an effective inhibitor of
intranuclear enzyme topoisomerase |, which is involved in
reducing the torsional stressof supercoiled DNA during the
replication, recombination,
DNA.

The canptothecins trgp and stabilize the nomally tran-

transcription, and repair of

sient DNA -topoisomerase | cleavable complex, which leads
to the accumulation of single-stranded breaks of the DNA.

Collision of theDNA replication fork w ith the ternary drug-
enzymeDNA oomplex produces an irreversible double-
strand break that ultimately leads to cell death The canp-
tothecins are S-phase-ecific anticancer agents Irreversible
DNA double-strand breaks are produced during DNA syn-
thesis in the presence of canptothecin A nd recent studies
of low-dose, protracted adm inistration of camptothecin ana-
logues in mice bearing xenografts of human tumors have
show n less toxicity and equal to or better antitumor activity
than shorter, more intense dosing schedules How ever,
canptothecin-induced cytotoxicity had also been observed in
nondividing cells, such as neurons It was characteried by
chromatin condensation, cytoplasnic shrinking, plasna
membrane blebbing, and fragnentation of neurites DNA
fragnentation was al® confimed by the use of the in situ
DNA end labeling assay.

CPT effectively kills human gastric cancers by activa-
ting cell cyclew ithdraval and cell death through induction
of p21"3™CP1 and dow n regulation of Bcl-2 M earw hile, the
transcription factor complex E2F-1/OP-1 regulates the Gi-
to-S-phase transition and has been associated w ith sensitivi-
ty to the S-phase-gecific anticancer agent canptothecin
Hofland et al '® reported that camptothecin-induced toxicity
in their experimentsw as due to the activation of an E2F-1/
D P-1-induced postDNA danage pathw ay rather than an in-
crease in the number of replication forks caused by the S-
In addition, Adams et al ! found that

CPT-based drug development and resulting chemotherapy

phase initiation

oould benefit from evaluation of differential activity at acidic
versus physiological pH. It has been identified that ana-
logues could have mproved thergpeutic indices based on the

pH gradient that selectively exists in human tunors Final-
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ly, recent reports have suggested that the camptothecins
may al have an antiangiogenesis effect The phamaclog-
ical interest of canptothecin has generated a large number of
derivatives and analogues endow ed w ith potent cytotoxic ac-
tivity, including 9-AC, 9-NC, irinotecan, CPT-11, 7-sub-
stituted canptothecins, 10-hydroxycamptothecin, exatecan
mesylate, and karenitecin

1.3 Colchicine
through binding to the luble tubulin heterodimer, thema-

Colchicine exerts its biological effects

jor component of themicrotubule Specifically, it interferes
w ith microtubule grow th and therefore affects mitosis and
other microtubule-dependent functions T he kinetic mecha-
nisnsof the binding to tubulin of colchicine and eight differ-
ent analogues had been studied A Il of the analogues follow
a wo step binding mechanisn, i e binding occurs via an
initial step with low affinity, follow ed by an isomerisation of
the initial complex leading to the final high affinity state

M orphological analysis of M CF-7 ADRr cells revealed that
thiooolchicone is able to induce apoptosis in this multidrug
resistance (M DR) -bearing model and they also demonstrat-
ed that thiooolchicone interactsw ith o« and Stubulin by us-
ing flow cytometry. In addition, colchicine alo has signifi-
cant effectson tubulin conformation, but the regionsw hich
are affected have not been identified Chaudhuriet al. ™ re-
ported for the first tine that the interaction of theB-ring of
olchicine w ith the o« subunit affects a domain of tubulin
w hich gppears to be far from its binding site Furthemore,

they also found that the B-ring of colchicine plays a major
role in the stability of tubulin w hile the A and the C-rings

have little effect on it L evchenko et al ™

used a positron-
anitting MDR tracer, 11C-wlchicine (CHC), to evaluate
MDR by PET maging They observed an approximately 2-
fold difference betw een 11C-CHC accumulation in sensitive
and resistant tumors These in vivo experments provided
additional evidence for the indirect effect of P-gp action on
CHC-to-tubulin binding, w hich in turn detemm ines CHC up-
take in tumors

1 4 Harringtonine Harringtonine (HT), homoharring-
tonine (HHT) and isoharringtonine (IHT) are cephalota-
xine alkaloidsw ith anticancer activitiesw hich w ere ilated
from Cephalotaxus hainanensis L. indigenous to China
Since the 1970s, HT and HHT have been developed as ef-
fective anticancer drugs in China and have been used w idely
in the treatment of acute nonlymphoid leuken ia and chronic
granulocyte leukemia The Cephalotaxus alkaloids inhibit
the elongation phase of translation by preventing substrate
from binding to the acceptor site on the 60-S ribosome sub-
unit and therefore block aninoacyl-tRNA binding and pep-

tide bond fomation Themechanisn of the antitumor action
of harringtonine is considered to be an effect on protein syn-
thesis and is characterized by breakdown of polysomes to
monosomes In addition, IHT show s significant and rgpid
gooptotic inductive effect on HL -60 cells in both concentra-
tion- and time-dependent fashion Typical DNA ladder in a-
garose gel electrophoresis and pre-G: peak in flow cytomet-
ric analysis are al observed in the cells exposed to HT.

1.5 Ellipticine Ellipticine isone of the smplest naturally
occurring alkaloids islated in 1959 from the leaves of
Ochrosia elliptica (L abill ) (Apocynaceae), which grow s
wildly in Oceania Studieson themechanisn s of cytotoxici-
ty and anticancer activity of the ellipticine analogues indicate
a complex set of effects, including DNA intercalation and
inhibition of topoisomerase II. Ellipticine does not mpair
topoisomerase I[-mediated DNA religation and presumably
increases levels of DNA cleavage complexes primarily by
stimulating the foward rate of scission W ild-type p53
causes cell-cycle arrest at late Gi phase and induction of
gooptosis by up-regulation of WA F 1 and BAX, regective-
ly, but in many cancer cells p53 is frequently mutated and

loses its functions M izumoto et al. ™

suggests that 9-hy-
droxy ellipticine may cause G: arrest and induction of G
phase-restricted gpoptosis by restoring the w ild-type func-
tion of mutant p53 protein Recently, Frei et al. found that
ellipticine also foms covalent DNA adducts and that the
formation of themajor adduct is dependent on the activation
of ellipticine by cytochrome P450 (CYP) [l

1 6 Cepharanthin

rine alkaloidsw idely used for treatment of many acute and

Cepharanthin is one of the bisooclau-
chronic diseases snakebite, bronchial asthma, alopecia
areata, leukopenia during radiation therapy or anticancer
treatment Recently, it hasbeen reported that cepharanthin
exerts antitumour effects by increasing mmunological com-
petence of the host or apoptosis-inducing activity. Cepha-
ranthin induces G1 arrest via expression of p21 (WA F1) and
gooptosis through cagpase 3 against a human adenosqua-
mous cell carcinoma cell line (TYS) ™.

1 7 Solanargine Solanargine, a herbal and molluscicidal
medicine derived from Solanum incanun L. , is a steroidal
alkaloid glycoside To characterize the anticancer mecha-
nisn of wlanargine on hunan hepatoma cells (Hep B),
changes of cell morphology, DNA content, and gene ex-
pression of cells after solanargine treatment w ere studied

The gppearance in lanargine-treated cells of chromatin
condensation, DNA fragmentation, and a sub-Gi peak in a
DNA histogran suggest that slanargine induce cell death
by apoptosisi’®. In addition, the gene expression of tumour
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necrosis factor receptor I (TNFR 1) is up-regulated w ith
lanargine treatment Since TNFR [ has been involved in
apoptosis, the overexpression of TNFR [ may be related
w ith themechanisn of cytotoxicity of solamargine

1 8 Sanguinarine Sanguinarine, w hich is derived from
the root of Sanguinaria canadensisL. and other poppy fu-
maria gecies, is a benzophenathridine alkaloid and a struc-
tural homologue of chelerythrine Sanguinarine has been
shown to possess antimicrobial, antioxidant, and anti-in-
flanmatory properties A recent study has shown that san-
guinarine is a potent inhibitor of the activation of nuclear
transcription factor N F-®, which has been mplicated to
play a key role in the regulation of cell grow th, cell cycle
regulation, and apoptosis But the antitumor properties of
this alkaloid are not well established A hmad et al ™" com-
pared the antiproliferative and gpoptotic potential of san-
guinarine against human epidermoid carcinoma (A 431) cells
and nomal human epidemal keratinocytes NHEK s). San-
guinarine treatment w as found to result in a dose-dependent
decrease in the viability of A 431 cellsaswell asNHEK s al-
beit at different levels because sanguinarinem ediated loss of
viability occurred at low er doses and was much more pro-
nounced in theA 431 carcinoma cells than in the nomal ker-
atinocytes W eerasinghe et al "® damonstrated that san-
guinarine treatment at a low level induces goptosisor pro-
granmed cell death (PCD) in the Bcl-2 low -expressing
K562 human erythroleukamia cells, and that a high level in-
duces blister cell death (BCD); w hereas the over-expression
of anti-gpoptotic Bcl-2 may have prevented sanguinarine
from inducing PCD and BCD in M 1 cells™*,

19 Others
mon goproach to treat cancer Recently, it was reported

Inhibition of cancer cell’s grow th in a com-

that the aqueous extract of Rhizana Coptidis and berberine
have potent inhibitory effect on the proliferation of
ephageal cancer cells (ECCs) lines®™. Cell cycle analysis
of Rhizana Coptidis-treated cancer cells showed the accu-
mulation of cells in the Go/G1phase

Tetrandrine, a calcium channel antagonist, isa natural
lipid-oluble alkaloid w ith a low molecular w eight, possess
ing various phamaoological activities including antitumor
activity. Tetrandrine inhibits both proliferation and clono-
genicity of human leuken icU 937 cells at an optimal concen-
tration This grow th inhibition is dose-and time dependent,
and is accompanied w ith evidence of apoptotic changes The
induction of gpoptosis by tetrandrine would gppear to pro-
ceed via non-Ca?" -dependent pathways M oreover, tetran-
drine enhances the radiosensitivity in human glioblastoma
U 138V G cells and eliminated the cell cycle perturbation in-

duced by radiation

Cryptolepine and neocryptolepine are two indoloquino-
line derivatives isolated from the rootsof theA frican plants
Cryptolepis sanguinolenta (L indl ) Schlechter, which dis
play potent cytotoxic activities agaist tumour cells Studies
onmolecular level indicated that these two natural products
intercalate into DNA and interferew ith the catalytic activity
of human topoisomerase II. W estern blotting analysis re-
vealed that cryptolepine induces cleavage of poly (ADP-ri-
bose) polymerase but both alkaloids induce the release of
cytochrome ¢ from them itochondria®’

Originally isolated from an Australian plant, acro-
nycine in an antitumor alkaloid w iht poor w ater lubility
and low potency. The modest antitumor activity of this
compound wasmarkedly mproved by the total synthesis of
original analogs resulting in the selection of S23906-1 The
molecular mechanisn of action of S23906-1 could involve
DNA alkylation, modulation of cyclin E protein levels and
inhibition of DNA synthesis leading to apoptosis'®.

Thew holeplant of Sedum sam entosum Bunge has been
traditionally used for the treatment of chronic viral hepatitis
in China and South Korea Certain hepatitis virus causes
acute and chronic hepatitis and induces hepatocellular carci-
noma (HC). A ntiproliferative effects of the crude alkaloid
fracion of S. satmentosum are asciated w ith an increase in
the number of cells in the Giphase of cell cycle This study
suggests that S. satmentosum may mprove survival of he-
patoma patients via the inhibition of excessive grow th of
tumor cells!®!

Noscgpine, a phthalideisoquinoline alkaloid derived
from opium, hasbeen used as an oral anti-tussive agent and
has show n very few toxic effects in anmalsor hunans Re-

cently, Ke et al. 2

reported that noscapine binds stoichio-
metrically to tubulin and promotes microtubule polymeriza-
tion Noscgpine causes grow th arrest of tumor cells in mito-
sis and induces gpoptosis of tumor cells in vitra It is note-
worthy that, noscgpine show s little or no toxicity to kidney,
liver, heart, bone marrow, leen or snall intestine at tu-
mor-suppressive doses Furthemore, oral noscgpine does
not inhibit primary mmune regonses, w hich are critically
dependent upon proliferation of lymphoid cells
2 M ultidrug resistance

M ultidrug resistance (M DR) isone of themain obsta-
cles in the chemothergpy of cancer MDR’s inhibition effect
and combination of chemosensitizers w ith antitumor com-
pounds is an active field of research, since safe and potent
reversal agents would be beneficial for clinical use The
mostly investigated mechanisns with clinical significance
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are: 1) activation of transnenbrane proteins effluxing dif-
ferent chemical substances from the cells (P-glycoprotein is
mostly known as efflux pump); 2) activation of the en-
zymes of the glutathione detoxification system; 3) alter-
ations of the genesand theproteins involves into the control
of apoptosis(egecially p53 and Bcl-2).

P-glycoprotein is a member of the A TP-binding cas
sette (ABC) trangort superfamily. It plays an mportant
role in the development of MDR in cancers by effluxing a
w ide variety of anticancer drugs Some alkaloids have little
or no cytotoxic action by thenselves, but inhibit (P-gp) or
MRP (multidrug resistance-asociated protein)-mediated
drug export and are cagpable of sensitizingM DR cells to the
cytotoxic effects of chemothergpeutic drugs Kopsiflorine,
an indole alkaloid of the agidofractinine-type isolated from
K opsia dagyrachisL. , interactsdirectly with P-glycoprotein
and inhibits the efflux of antitumor agents in drug-resistant
cells L avie et al. ™ examined the ability of steroidal alka-
loids of plant origin, nanely the V eratrum . alkaloid cy-
clopanine and the Lycopersicon 9. alkaloid tomatidine, to
act as potent and effective chemosensitizers inMDR tumor
cells It is concluded that both of them act as inhibitorsof P-
gpmediated drug trangport and MDR and therefore may
serve as cheanosensitizers in combination chenothergpy w ith
oconventional cytotoxic drugs for treating MDR cancer.
Pervilleine A, anovel tropane alkaloid obtained from a chlo-
roform extract of Erythroxylum pervillei Baill as the result
of bioactivity-guided fractionation,w as found to restore the
vinblastine sensitivity of cultured MDR KB+ 1 and CEM /
VLB (100) cells®! Tetrandrine inhibits the P-gp-m ediated
drug efflux and low ered cell manbrane fluidity in a concen-
tration-dependent manner. It is an extrenely potent MDR
modulator both in vitro and in vivo, without goparently en-
hancing the toxicity of the co-adm inistered drugs Hence, te-
trandrine holds great promise as aM DR modulator for the
treatment of P-gp-mediated M DR cancers’®’,

3 Per sectives

A lkaloids derived from various plants produces differ-
ent effects on the treatment of cancer, including reactions
w ith microtubules, inhibition of angiogenesis, inhibition of
DNA -topoisomerase [, mitotic arrest and induction of
gooptosis

Furthemore, studies on structure/activity relation-
ships (SAR) of alkaloids have discovered some thergpeuti-
cally useful compounds and their samisynthetic derivatives,
including V inca alkaloids, camptothecins, ellipticine, etc
In other words, plant alkaloids provided basic structures of
bioactivity and phamacokinetic properties but more practi-

cal gpproach is the optimization of these structures M ean-
w hile, a better understanding of SAR wiill lead to suppress
or circumvent MDR mechanisns because the MDR tumor
cells are resistant to drugsw hich are structurally unrelated
and functionally divergent N evertheless, the exact mecha-

nisn s of some alkaloids still renain unclear In viev of the

above mentioned mechanisn s of action, combination/paral-
lel methods should be applied in large-scale laboratory ex-
periments and detailed clinical studies Finally, plant alka-
loids can be used as lead structures for the development of
further anticancer agents with mproved physicochemical
and phamacological properties
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