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Abstract: Problem statement: Vernonia amygdalina (V. amygdalina) has been shown to have cancer
cell inhibition and cytotoxic effectsApproach: This study discusses the multi-faceted and multi-
linked mechanisms by which cancer tissue inhibiiod destruction is achieved YWyamygdalina leaf
extract and powder (subsequently callgd amygdalina Extract). Cancer cell inhibition by.
amygdalina is suggested to occur through inhibition of stelrdla-demethylase, a microsomal P450-
dependent enzyme system) of the membrane of theecaell. Inhibition of this enzyme impairs the
biosynthesis of ergosterol for the cytoplasmic memb.Results: This impairment of the synthesis of
ergosterol disrupts the close packing of acyl chaihphospholipids and impairs the function of some
membrane-bound enzyme systems like ATPase and eszghelectron-transport system of the cancer
cells. V. amygdalina extract inhibits sterol 14-demethylase by acting diy adrenergic receptors of
the cancer cell membranes as a primary ligand ii@iibitory) receptors on cancék lipid cell
membrane receptors and mitochondrial ATP energyemgion system receptor§onclusion: By
effecting B-oxidation of fatty acids and lipids in cell membes and cell mitochondrial energy (ATP)
generation systems, thé amygdalina extract uncouples the mitochondrial energy (AT Regation)
systems of the cancer cells and cell membranedtirgstin the cancer cells being burnt out
(consumed) by the extract (whah amygdalina extract is cytotoxic to the cancer cells) or its
functioning being inhibited (whewi. amygdalina extract is only inhibitory to the cancer cells.

Key words: ATP generation, cytoplasmic membrarenti-carcinoma,Vernonia amygdalina, leaf
extract, cardiac glycosides, sesquiterpene lactiomesune defence

INTRODUCTION Anti-cancer activities o¥. amygdalina have been
reported in many studies (Oyudial., 2009).

V. amygdalina contains saponins, cardiac
glycosides, flavonoids and sesquiterpene lactones. Anticancer effect of V. amygdalina leaf extract is an

Its major constituents are the saponin Vernoninjmmune defence action: The position of the author is
the sesquiterpenes Vernolepin and Vernodalin aad ththat the carcinoma inhibition and destruction atdiof
ubiquitous flavonoid Kaempferol. V. amygdalina extract stem from a combination of its

Its sesquiterpene lactones have in-vitro cytatoxi cellular energy generation antagonism and its imemun
activity against KB tumor cells and Wilme’s myeloma defence actions. The Immune Defence actions/.of
and its sesquiterpene lactone prevents arteros@dero  amygdalina include all those actions it carries out in

Its leaves are reputed to be effective remedy as defence and protection of the various organs of an
general tonic, for gastrointestinal disorders awd f organism. The action of identifying cancerous tssaf
fevers and its leaf extract is taken for diabetesan organism as a “non-self” and as detrimentaht t
reduction. life of the individual is in itself a non-specifimmune

Its bark is administered for the treatment ofresponse (Hyde and Benbrook, 2006; Suzetkial.
venereal diseases and its leaves are ingredients R005).The inhibition and destruction of carcinoma by
purgative enemas, diuretic mixtures, anthelminticV. amygdalina extract are thus clearly immune defence
preparations and topical lotions for parasitic d&s. actions as they rid the body of unwanted malignant
The organ and medicinal effects\éfamygdalina have  cells. V. amygdalina leaf extract has been shown to
been demonstrated in various studies (Oyelgil., have immunomodulatory properties (Barret and Blanc,
2009; Lamet al., 2011). 2009) Antimicrobial (Alabiet al., 2005), antiparasitic,
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antioxidant, anti-inflammatory, free scavenging,
peroxidation and wound healing actions df.
amygdalina leaf extrac{Lu et al., 2010; Arhoghreet al.,
2009; Esimoneet al., 2005)are all extensions of the
immune defence actions of the extract.

Lipid-lowering, anti-oxidant and anti-diabetic
effects of V. amygdalina extract as partners in the
anti-carcinomer effects of the extract: The lipid-
lowering or lipolytic effects ofv. amygdalina created

solvents showed that the 76% inhibition obtainethwi
the sixth solvent must have been due to experirhenta
error. A 94-98% inhibition of DNA synthesis in any
living cell will definitely grind the activities othat cell

to a halt. Such paralysis of a cell will definitelgstroy

the cell.

The difference between the DNA-inhibiting
fractions and the cell-inhibiting fractions oV.
amygdalina leaf extract in the breast cancer study was
the strength or concentration of the extract. The

holes in the cell membranes of the malignant cancestrength of the DNA-inhibiting fraction was ten tm
cells causing them to burst or lyse. The preserfce ahat of the cell-inhibiting fraction (1 mg mt as
such holes also makes it easier for phagocytes anspposed to 0.1mg niL The nature of the solvent was
nonspecific immune defence scavenging leucocytes afot an important factor in the manifestation of te
the patient to destroy such cells. Antioxdant andor DNA-inhibiting effects ofV. amygdalina leaf extract

peroxidation effects ofV. amygdalina leaf extract
which have been demonstrated
essentially works simultaneously with its lipid lexng
actions and its anti-hyperglycaemia effects to bithi
and eliminate cancer cells.

Cancer Inhibitory actions of V. amygdalina extract:
In a study, extraction ofV. amygdalina leaf with
multiple solvents of various polarity indexes yiedd
three fractions that significantly (P < 0.05) initiol
breast carcinoma cell growth at 0.1 mg L

in many studies

in the study.

The results of this breast cancer study (Oyagi
al., 2009)suggests that DNA synthesis inhibition and
cell membrane disruption effects of high conceraret

of the V. amygdalina extract are necessary for cancer
cell cytotoxicity by the extract.

V. amygdalina produced significant inhibition of
acetic acid induced writhing and the formalin test
mice. An infusion ofV. amygdalina leaves reduced the
haemolysis of human erythrocytesvitro in a study in
which human genotype-SS was highly susceptible to

concentration; and at a higher concentration of d M haemolysis (1024), human genotype-AS, moderately
mL"yielded 6 fractions of hexane, chloroform, butanolsysceptible (512)and human genotype-AA  highly

and ethyl acetate which inhibited DNA synthesis7By
94, 98, 98 and 96% respectively (Oywayial., 2009).

resistant (256)V. amygdalina protected alluminum
against acidic corrosion ahad inhibition efficiency of

The 94-98% inhibition of DNA synthesis demonstrated,q 55 tor 0.1M Hcl and 72.5% for 0 1M Hio

in this study by 5 out of 6 solvent fractions f
amygdalina suggests that inhibition of DNA synthesis
is the major mechanism of cytotoxic action 9f
amygdalina extract.In the bioactivity assays of breast
carcinoma inhibition byV. amygdalina in the same
study, HPLC retention time of approximately 2 min
were found to be required for cell growth inhibitor
activity of V. amygdalina fraction (Oyugiet al., 2009).

The mechanism of cancer tissue-inhibition and
cancer tissue-cytotoxic effects of V. amygdalina leaf

respectively against acidic corrosion of 2S and 3RS
alluminium alloysV. amygdalina extract also produced
significant 73% inhibition of plasmodium berghei
parasitaemia in mice in the group that receivetsed

of 200 mg kg" I.P (intra peritoneal) for 4 daysvalue

of V. amygdalina extract = 112 2 mg k§ These cited
examples illustrate tha¥. amygdalina extractuses its
inhibitory effects to protect the integrity or wediing of

a host organism or even a non-living organism like
alluminium. This explains why. amygdalina leaf

extract: The studies on anti-breast carcinoma cellextract employs its inhibitory and ati-oxidant et to

growth fractions ofV. amygdalina has shown that 3
fractions ofV. amygdalina of multiple solvents each
significantly (p < 0.05 ) inhibited cell growth at
concentration of 0.1 mg mt (Oyugi et al., 2009). Six
other fractions of different solvents inhibited DNA
synthesis at a concentration of 1mg Tlin the same

protect an individual whose tissues have become
cancerous.

The energy metabolism inhibition effects of V.
Amygdalina extract: The energy metabolism inhibition
effects of V. amygdalina utilized in its anticancer

study. The percentage of inhibition of DNA syntisesi actions are exerted on the cell membrane, on DNA an

by these 6 fractions was 76, 94, 98, 98, 96 and.98%n the cytoplasm of the cancer cells. These energy

The 94-98% inhibition of DNA synthesis was obtainedmetabolism actions start with lipolytic effects oall

with V. amygdalina extract fractions of five different membranes and lipid depots of carcinoma cells and
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extend to the excess body fat in the adipose tissfia  cancer cell membrane and cytoplasm, the canceiscell
cancer patient. denied the energy to power DNA synthesis and
If hyperglycaemia is present in the cancer patientsubsequent cell survival/growth and its cell
the V. amygdalina extract will also exert a membrane/ytoplasm become consumed by the
hypoglycaemic action. The high efficacy o¥. amygdalina extract.
amygdalina leaf extract in blood glucose lowering is Secondly, low efficacious concentrations 4f
reported by many studieBlood glucose lowering is the amygdalina inhibit certain membrane-bound enzyme
first step in the inhibition of the energy metaboliof  systems like adenosine triphosphatase and electron
the cancer cell. transport systems by inhibiting sterol a4lemethylase
The high efficacy of the lipid lowering actions of that catalyses the biosynthesis of ergosterol Far t
V. amygdalina has also been demonstrated in somecytoplasmic membrane. This inhibition of the
studies membrane enzyme systems of the cancer cell inhibits
the growth of the cancer cell and can cause the

The uncoupling of ATP and metabolism by V. perforation and lyses of some of the cancer cells.
amygdalina leaf extract: V. amygdalina extract A study found that the wild type bacteriophage T
inhibits cancer cells by inhibiting their cellulanergy ~ (WtTw) and its substrain HAP 1 had enhanced affinit
generation sources. This action is started in thdor melanoma cells by 47 and 80%, respectively and
mitochondria of fat cells (especially brown fatpate Suggested interaction between the Lys-Gly-Asp motif
tissues) where there is the usual inward protorPf the phage protein 24 arf. intergrin receptors on
conductance that generates ATP (Oxidativetarget cells (Galustlaﬂ al., 2008, SUZUke‘E a|,2005)
phosphorylation) but there is also a second shiamic ~ This study also showed that anfi; antibodies and
proton conductance that does not generate ATP synthetic peptides mimicking naturd ligands inhibit
This second short circuit proton conductanceth® phage binding to cancer cells (Galust@nal.,
which does not generate ATP is associated with #008, Suzuketal., 2005) N
polypeptide of molecular weight 32,000 in the  The findings of this study support the positiun
membrane, which causes uncoupling of metabolism an#is author thatps adrenoceptors of carcinoma cell
generation of AT P so that more heat is producedneémbranes and  cytoplasmic/mitochondrial energy
When the ATP and energy metabolism- uncouplingsystems are the receptors on whicramygdalina leaf
actions of high concentrations gf amygdalina extract ~ €xtract acts to produce its carcinoma inhibitiord an
are exerted on the double lipid membrane of cancefestruction (cytotoxicity) effects.
cells and on their mitochondrial oxidative
phosphorylation, these high concentrations of the RERERENCES
extract inhibit the DNA of the cancer cells, burat o
their ce_II membranes and kill the cancer cells.sThi pjapi D.A., I.A. Oyero, Jimoh and N.A. Amusa, 2005
uncoupling of the.en_e.rgy source of cancer cells was Fungitoxic and Phytotoxic Effect oWernonia
observe.das 98% |nh|b|t|o_n of DNA synthesis by. amygdalina (L), Bryophyllum pinnantus Kurz
amygdalina leaf extract in the breast cancer cells Ocimum gratissimum (Closium) L. and Eucalyptna

|nh|b|t|9n study (Oyugetal., 20.09.)' . globules (Caliptos) labill water extracts on cowpea
Stimulation of sympathetic innervations to brown d dli h i AGo.|
fat releases noradrenaline which acts qraBrenergic and cowpea seediing pathogens in Ago-lwoye,
South Western Nigeria. J. Agric. Sci., 1: 70-75.

receptors to increase lipolysis; increase fattyd aci :
oxidation in the mitochondria and to increase heap\rhoghro, E.M., K.E. Ekpo, E.O. Anosike an_d G.0.
Ibeh, 2009. Effect of aqueous extract of bitteff lea

production. Transgenic rats in which brown fat is X X )
ablated become obese Nerve discharge to browrsfat i (Vernonia Amygdalina Del) on carbon tetrachloride
(CCly) induced liver damage in albino wistar rats.

increased after eating so that heat production is

increased. Eur. J. Sci. Res., 26: 115-123.
The cancer cell destruction effects of highBarret, J. and K. L. Blanc, 2009. Cancer chemothera
efficacious concentrations o¥. amygdalina Leaf and immune regulation. Am. J. Immunol., 5: 8-16.

extract are exerted by the extract acting as aasim DOI: 10.3844/ajisp.2009.8.16
ligand in Gi receptors on cancgylipid cell membrane Esimone, C.O., E.C. Ibezim and K.F. Chah, 2005. The
and cell mitochondrial ATP (energy) generation eyst wound healing effect of herbal ointments
receptors. By inhibiting and thus uncoupling the formulated with Napoleona imperialis. J. Pharm.
mitochondrial energy (ATP generation) systems ef th Allied Sci., 3: 294-299.

78



Am. J. Pharm. & Toxicol., 6 (3): 76-79, 2011

Galustian, C., B. Meyer, M.C. Labarthe, K. Dredgela Oyugi, D.A., X. Luo, K.S. Lee, B. Hill and E.B.
D. Klaschkaet al., 2008. The anti-cancer agents Izevbigie, 2009. Activity markers of the anti-breas

lenalidomide and pomalidomide inhibit the carcinoma cell growth fractions of/ernonia
proliferation and function of T regulatory cells. amygdalina extracts. Exp. Biol. Med., 234: 410-
Cancer Immunol. Immunother., 58: 1033-1045. 417. DOI: 10.3181/0811-RM-325

PMID: 19009291 Oyugi, D.A., X. Luo, K.S. Lee, B. Hill and E.B.

Hyde, J. and D.M. Benbrook, 2006. Sensitivities of Izevbigie, 2009. Activity markers of the anti-breas
uterine adenocarcinoma, Mixed Mullerian Tumor carcinoma cell growth fractions of vernonia
(MMT) and sarcoma cell lines to chemotherapeutic =~ amygdalina extracts. Exp. Biol. Med., 234: 410-
agents and a flex-het drug. Am. J. Pharmacol. 417.DOI: 10.3181/0811-RM-325
Toxicol., 1: 83-86. DOI: 10.3844/ajptsp.2006.83.86 Suzuki, E., V. Kapoor, A.S. Jassar, L.R. Kaiser and

Lam, H.Y., S.K. Yeap, N.B. Alitheen, W.Y. Ho and S.M. Albelda, 2005. Gemcitabine selectively
A.R. Omaret al., 2011. Understand the role of eliminates  splenic  GrfiCD11"  myeloid
natural killer. Am. J. Immunol., 6: 54-61. DOI: suppressor cells in tumor-bearing animals and
10.3844/ajisp.2010.54.61 enhances antitumor immune activity. Clin. Cancer

Lu, D.Y., X.L. Chen, M. Huang, B. Xu and J. Ding, Res., 11: 6713-6721. DOIl: 10.1158/1078-
2010. Relationship between blood fibrinogen 0432.CCR-05-0883
concentration and pathological features of cancer
patients: A 139-case clinical study. OnLine J. Biol
Sci., 7: 8-11. DOI: 10.3844/0jbsci.2007.8.11

79



