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ABSTRACT

Betulinic acid is a known natural product which has gained a lot of attention in the recent years since it exhibits a
variety of biological and medicinal properties. This review provides the most important anticancer properties of
betulinic acid and its derivatives.

INTRODUCTION

Cancer is a group of diseases that cause celleibady to change and grow out of control[Clancer cell growth

is different from normal cell growth. Instead ofiuly, cancer cells keep on growing and form new eamells.
These cancer cells can grow into (invade) otheués, something that normal cells cannot do. Int roases the
cancer cells form a tumor. But some cancers, Bk&émia, rarely form tumors. Instead, these cacekds are in the
blood and bone marrow[2]. Cancer cell escape froamynof the normal homeostatic mechanism that cbntro
proliferation. They invade surrounding tissues,sgetto the body's circulating system and set upasiref
proliferation away from the site of their origiregppearance[3].

Cancer is the second most important disease leadirdeath in both the developing and developed trigsn
nowadays. The global burden of cancer continuesa®ase largely because of the aging and growtheofvorld

population alongside an increasing adoption of emwausing behaviors, particularly smoking, in enuoically

developing countries[4]. A substantial proportidrttee worldwide burden of cancer could be prevetitedugh the
application of existing cancer control knowledgel dny implementing programs for tobacco control,cviaation

(for liver and cervical cancers), and early detattand treatment, as well as public health camgaomoting

physical activity and a healthier dietary intakdiniCians, public health professionals, and policgkers can play
an active role in accelerating the applicationwtsinterventions globally[5].

The naturally occurring pentacyclic triterpenoiétudinic acid has been shown to possess anti-tuahagtivity and
overcome resistance by inducing apoptosis in eetanf human cancers. Its selective cytotoxicitpiagt cancer
was first described on human melanoma hottitro andin vivo. Since that initial study, Betulinic Acid has been
reported to be effective on a growing number of Aomancers, including those of the lung, colonstate, and
ovary, whereas normal cells were unaffected by IBetuAcid treatment. Interestingly, Betulinic Actths also been
successfully appliedn vitro in childhood cancers, namely medulloblastoma, bigistoma, Ewing sarcoma,
neuroblastoma, and leukaemia.
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Accumulated experimental evidence indicates thanlBéc Acid causes distinct morphological changesensitive
cells, such as cell shrinkage, DNA fragmentatiarglear condensation, and membrane blebbing[6].

Betulinic Acid is a candidate for cancer therapgttinas been shown to exhibit an antitumor effechouit
cytotoxicity. The cytotoxicity research on BetutinAcid showed that it had selective cytotoxicity mmor cell
lines but not on normal cells suggesting that ityrhave potential for development as a therapegént Recent
evidence indicates that the anticancer activityBefulinic Acid can be markedly increased when ituged in
combination with chemotherapy, ionizing radiationT&RAIL[7]. Its administration reduced the tumorrtan of
established melanoma and prostate cancer xenograftele mice. In particular, Betulinic Acid indecgumor cell
death by inducing mitochondria-mediated apoptokisaddition, Betulinic Acid inhibits prostate camcgimor
growth by degrading a transcription factor, spetifiprotein (Sp1), which ultimately inhibits angienesis[8].

It selectively inhibited melanoma cancer cell anthor growth andn vivo studies this was accompanied by
minimal toxic side effects at repeated doses albup00 mg/kg. Subsequent studies showed that Betulicid was
cytotoxic to many other cancer cell lines and thas associated with different activities. For exempetulinic
Acid induces apoptosis through decreased mitoctaindiembrane potential, activation of mitogen-aatéd
protein kinase and modulation of nuclear faébf9].

Apoptosis induction initiated by Betulinic Acid wast exerted through a ligand/receptor system buaiccurs
through perturbation of mitochondrial function, Buas loss of the mitochondrial transmembrane piaetiiat
decreases mitochondrial permeability release odchibndrial cytochrome C into the cytosol. Moreogetulinic
Acid-induced apoptosis was found to be independépb3 in melanoma and neuroectodermal tumor céltsis,
Betulinic Acid directly altered mitochondria anddirced loss of the mitochondrial transmembrane piaden
associated with inhibition of topoisomerases tovpke cell death of various cancerous cells. Funtloee, betulinic
acid was able to improve the effect of tumor raugoapy under hypoxic condition[10].

A semi-empirical molecular-orbital method (CACh&ntbnstrates that the cytotoxicity of betulinic ad&tivatives
can be predicted by several physical parametech (@s heat of formation, hydrophobicity (log P)tevesolubility,

ionization potential, electron affinity, dipole memnt), but not by molecular size (maximum length andth). It

induced apoptosis in melanoma and neuroectodetmairs, independently of the ligand/receptor systbnough a
reactive oxygen species dependent mitochondriakbybme c-caspase pathway[11].

Betulinic acid: The betulinic acid3 b-hydroxy-lup-20(29)-en-28-oic acid), is a known natural pentacyclic lupane
type triterpenoid present in many plant speciesgef@mple,Triphyophyllum peltatum, Ancistrocladus heyneanus,
Ziziphi fructus, Diospyros leucomelas, Tetracera boliviana and Syzygium formosanum, and can be obtained in
quantity from the bark of the London plane trelgtanus acerifolia and floweringEugenia DC[4]. It is obtained by
extraction of barks or core of some plant specidsysynthetic processes, e.g. using the betulaok@l triterpene)
as a synthetic intermediate isolated from the ldrBetula alba and Betula pendula[12]. This compound and its
derivatives possess many favorable biological ptegeesuch as anti-cancer, anti-HIV-1 (human imnuefiziency
virus type-1), antibacterial, anti-malarial, amtflammatory, and anthelmintic activities[13].

Betulinic acid cooperated with anticancer drugsthuce apoptosis and to inhibit clonogenic survisfaiumor cells.
Combined treatment with Betulinic Acid and anticandrugs acted in concert to induce loss of mitacdhial
membrane potential and the release of cytochromand Smac from mitochondria, resulting in activation
Caspases and apoptosis[14].

Betulinic Acid alone was an effective chemotherdigedrug for the SNU-C5/WT, SNU-C5/5FU-R and SNU-
C5/OXT-R cells. The combination of Betulinic AcidtivIRT or OXT was effective against SNU-C5/5FU-8lls,
and the combination of Betulinic Acid with 5-fluanacil, IRT or OXT was effective against SNU-C5/ORT
cells[15].

Betulinic acid was initially known for its high aytoxicity against human melanoma cancer cells|dter studies
also suggest this compound being a broad inhilbit@ther cancerous tumors including a neuroectodetamors
(such as neuroblastoma, medulloblastoma, glioestand Ewing’'s sarcoma), brain-tumors, human glgma
leukemia, human colon carcinoma and human prosti&eocarcinoma, head and neck squamous carcindlma ce
lung, colorectal, breast, and cervical cancer[2].

48
Scholars Research Library



Gomathi Periasamy et al Arch. Appl. Sci. Res., 2014, 6 (3):47-58

Physicochemical properties: The pure compound of betulinic acid appeassa white crystalline solid, melts
at 295 - 297C. It was isolated frormMelaleuca cajuput and was chromatographed on a silica gel naolu
using chloroform as eluent[16]. It exhibits liet solubility in organic alcohols such as methaud ethanol,
chloroform, and ether and has low solubility in @rapetroleum ether, dimethyl formamide, dimethyfaxide, and
benzene[17]. However, it is highly soluble in pyne and acetic acid. It is not readily visible drintayer
chromatography plates under UV (254 and 365 nm)idbwasily detected following exposure to iodingpwa,
anisaldehyde, anisaldehyde — sulphuric acid, oillirar sulphuric acid spray reagents[3].

The pharmacokinetics and tissue distribution ofili@it acid was studied in CD-1 mice. The resuliswsed that
after i.p 250 and 500 mg/Kg dose, the serum conatos reached peaks at 0.15 and 0.23h, respti8k The
250 and 500 mg/Kg betulinic acid i.p. doses weresnébto have elimination half-lives of 11.5 and Iilahd total
clearances of 13.6 and 13.5 I/Kg/h, respectively[19

Recently, a robust assay based on liquid chromapbg‘mass spectrometry developed to conduct a itptard
analysis of betulinic acid in mouse, rat and dagpla. At 15 and 25 mg/mL in mouse, rat or dog péadratulinic
acid was 99.99% bound to serum proteins, and,nag/nL, betulinic acid was > or =99.97% bound foliogi.p.
or intravenous administratian vivo[18].

Betulinic acid as anti-cancer agent: Betulinic acid (3-beta-hydroxy-lup-20(29)-ene-2&-cacid), is naturally
occurring  pentacyclic triterpenes discovered 995Lin the stem bark of the plaktelaleuca cajuput; showing
cytotoxicity towards a number of cancer cell lin€hese compounds can be found in the bark of theyrpkants
and it is an oxidation product of low molecular qmund called Betulin, a substance found in the robéek of
white birch treeBetula alba[20,21].

Betulinic acid is an experimental antineoplastierggghat induces apoptosis in melanoma delistro andin vivo ,
as well as in neuroectodermal tumor cell lines/itro[22]. 3-beta-hydroxy-lup-20(29)-ene-28-oic acid (betiglin
acid) (Fig. 1), a C-28 carboxylic acid, derivativEthe ubiquitous triterpene betulin, is a membkthe class of
lupane type triterpenes. However, unlike betulime bxidized derivative betulinic acid possessesumber of
intriguing pharmacological effects[19].

/,/

HO

Figure: 1 Structure of Betulinic Acid

Betulinic Acid has been reported to inhibit grovathcancer cells, without affecting normal cellsdats lack of
cytotoxic activity has been demonstrated in humatroaytes, human dermal fibroblasts, peripheralodlo
lymphoblasts and animal studies. In 1995, Betulihgid was reported as a highly selective growthibitar of
human melanoma, neuroectodermal and malignant twells and was reported to induce apoptosis inethes
cells[23]. The cytotoxicity and mode of cell deathBetulinic Acid were determined using the MTT agsand
DNA (deoxy-ribonucleic acid) fragmentation analysiespectively. Cells treated with high concentrasi of
Betulinic Acid exhibited features characteristic afoptosis such as blebbing, shrinking and a nurobemall
cytoplasm body masses when viewed under an invégtedmicroscope after 24hr[24].
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Thein vitro sensitivity of Betulinic Acid was for broad ceithé panels derived from lung, colorectal, breagistate
and cervical cancer, which are the prevalent catypers characterized with highest mortalities imvem and men.
Multiple assays were used in order to allow a bidiassessment of anti-cancer efficacy of Betulkdi. After 48
hr of treatment with Betulinic Acid, cell viabilitgs assessed with MTT and cell death as measutbgwipidium
iodide exclusion showed clear differences in saiiitoetween cell lines.

Betulin

Dihydrobetulonic acid 3-hydroxyloxime dihydrobetulonic acid 3-methyl-hydytoxime
dihydrobetulonic acid

B-D-glucose

HO o 3-acetylbetulinic acid

- . - . Betulinic acid 28-0-B-D-
glycine conjugate of betulinic acid glucopyranose

Figure 2: Betulinic Acid Analogs
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However, in all cell lines tested colony formatiaas completely halted at remarkably equal BetuliAmd
concentrations that are likely attainabtevivo. The results substantiate the possible applicatfd@etulinic Acid as
a chemotherapeutic agent for the most prevalenghurancer types[25].

The anti-tumor cytotoxicity of betulinic acid hasdn extensively studied in a panel of cancer gadls| primary
tumor samples and xenograft mouse models. Whilgalinieports suggested that betulinic acid is gslely

cytotoxic against melanoma cell lines, anticancdivily was subsequently also reported againstrotiyges of
human cancers including neuroblastoma, glioblastonslulloblastoma, Ewing tumor, leukemia as welsexgeral
carcinoma, i.e. head and neck, colon, breast, begllar, lung, prostate, renal cell, ovarian ervix carcinom. In
addition to tumor cell lines, Betulinic acid was@lcytotoxic against primary cancer cells isolafien tumor
specimens obtained from neuroblastoma, glioblastanteleukemia. Also, betulinic acid was cytotoxidadifferent
models of drug resistance, for example primary gteidi acute leukemia samples that were refractorgtandard
chemotherapeutic agents[4].

Thus, betulinic acid may overcome certain formslfy resistance. Further, there is evidence thafibe acid is
preferentially cytotoxicity against metastatic overn-metastatic melanoma cell lines. Moreover, Ibgtuacid
cooperated with different cytotoxic stimuli to suegs tumor growth, including ionizing radiationgahotherapeutic
drugs or the death recpetor ligand TRAIL. This sgig that betulinic acid may be used as sensitizzavmbination
regimens to enhance the efficacy of anticancematherBy comparison, normal cells of different omigiave been
reported to be much more resistant to betulinid #wan cancer cells pointing to some tumor seligf].

Structure-activity relationship studies:

There exists a great deal of interest in probirgdiiuctural features responsible for the pharnoagcl effects of
betulinic acid, and to further optimize its actyiprofile. As a result, numerous derivatization gachave been
performed on betulinic acid leading to the productdf an array of betulinic acid analogs. Betulia@id possesses
three sites that are highly amenable to derivatimaincluding the C-3 hydroxyl, C-20 alkene, an@& carboxylic
acid positions. In addition, betulinic acid has tesubjected to solid-phase synthetic modificatioos the
preparation of combinatorial libraries[26].

This method holds the potential for the productand subsequent pharmacological evaluation of laege of
betulinic acid analogs. Numbers of interesting naaged betulinic acid analogs have also been pedpasing clay
catalysts. Furthermore, microorganisms have bedizedt as biocatalysts for the preparation of hetal acid
derivatives[27].Further studies have been performed to derive s¥icttbetulinic acid analogs in an effort to
establish meaningful structure-activity relatiomshi Three positions in betulinic acid, the C-3 loygt, C-20
alkene, and C-28 carboxylic acid moieties, haveeskas the target for most derivatization studiég. (2).

The 3b-hydroxyl moiety found in betulinic acid repents a readily available position for chemicabification.
However, only a limited number of synthetic C-3 Ubetic acid derivatives have been reported andetesor
cytotoxicity. Some of these modifications includeidakion to a ketone, acetylation, and formationvafious
nitrogen-containing analogs (amine; oxime). Desttitse efforts, very little can be deduced regaydie role that
derivatization of C-3 in betulinic acid may play iontrolling its anticancer activity. Kim and co-wers
determined that although the introduction of anmximoiety at C-3 did not exert a considerable irhgacthe
cytotoxicity of betulinic acid, it may result ingtpotential loss of selectivity against melanoniks[s].

Oxidation of the C-3 hydroxyl group in betulinicid to a ketone yields the highly cytotoxic derivatbetulonic
acid; however, this also results in a loss of st against melanoma cells. An acetylated deieat3- O-
acetylbetulinic acid, appears to retain the cytmibxassociated with betulinic acid[29].

An interesting C-3 benzyl ester derivative has dlsen synthesized. This compound was found inactjanst
both melanoma and non-melanoma derived cancelirged|

It was speculated that the bulky benzyl group wesponsible for the loss of activity; however, tlmaurrent
modification of the C-28 position in this molecute @ methyl and the lack of additional related dsiixes for
comparison hampered efforts to draw further conghssin this regard. Additional studies are neetdedrobe the
potential for further C-3 modifications that mayealthe cytotoxicity and selectivity of betulinicidid 7].
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One of the strategies to increase betulinic acidrdgolubility is by the synthesis of its glycosiderivatives.
Furthermore, the bioactivity of betulinic acid,Some cases can be improved upon the addition @frsugiety at
either C-3 or C-28 or both. Some natural and syithieetulinic acid glycosides were also reportedthie
literature®® Example, 3-03-D-glucopyranoside-betulinic acid (2) was synthediby chemical reactions and shown
some bioactivities. Their synthesis however seaentgetdifficult in purification procedure. Thus, éonnection with
their continuous effort on the enzymatic reactidrbetulinic acid they now report the preparation3sO{3-D-
glucopyranoside-betulinic acid by enzymatic gludasion of betulinic acid (1) and glucose using Nowoe® 435

in organic solvent. Interestingly, it was obsentbdt the reaction was clean and simple, and gagle Vield of
product. The evaluation of this compound toward esaancer cell lines was also reported herein. Tiuetsires of
compound (1) and (2) were shown in Fig 3[30].

3-O-acetylbetulinic acid

3-0-beta-D-glucopyranoside-betulinic acid

Figure: 3 Glycoside Derivatives of Betulinic Acid

Modifications at C-20 did not enhance cytotoxidityseveral cancer cell lines, but derivatives at @3 and C-28
position were found to be promising. Amino acid jogates at the C-28 position enhanced water sdtybis well
as cytotoxicity. Hydroxylation at the C-3 positigave promising results when tested on murine metancells and
another chemical modification at the C-3 positidimethylsuccinyl Betulinic Acid) turned Betulinicold from a
proteasome activator into a proteasome inhibit@t &hother C-3 modification gave better anti-tumesults in a
colon cancer xenograft mouse model when compartdBeatulinic Acid[31]. The ring skeleton of BetulkinAcid is
the platform for many other interesting modificaso One novel, well tolerated Betulinic Acid detiva is NVX-
207, which showed significant anti-tumor activity clinical studies in canine cancer patients witsatment-
resistant malignancies[32].

An easy and efficient strategy to prepare betulatid esters with various anhydrides was used &yetizymatic
Synthesis method. It involves lipase-catalyzed atayh of betulinic acid with anhydrides as acylgtiagents in
organic solvent. Lipase fro@andida Antarctica immobilized on an acrylic resin (Novozym 435) veasployed as
a biocatalyst. Several 3-O-acyl-betulinic acid datives were successfully obtained by this proceddrhe
anticancer activity of betulinic acid and its 3-€ykated derivatives were then evaluateditro against human lung
carcinoma (A549) and human ovarian (CAOV3) can@&flrlimes. 3-O-glutaryl-betulinic acid, 3-O-acetygtulinic
acid, and 3-O-succinyl-betulinic acid showedy€10 microg/ml against A549 cancer cell line tested showed
better cytotoxicity than betulinic acid. In an owar cancer cell line, all betulinic acid derivasvprepared showed
weaker cytotoxicity than betulinic acid[33].

Synthesis of 3-beta-O-phthalic esters from betalatid and its esters and Synthesis of phthalergs$tom betulin
and its monoacetates using classical acylationgghae with phthalic anhydride. The evaluation abtyxicity of
the prepared compounds was using numbers of tueiblirees in MTT test. It was discovered that hehtialic
esters had better cytotoxicity than starting conmaisuas betulinic acid or quite inactive betulin[34]

The naturally occurring cytotoxic saponin 28-O-bétglucopyranosyl betulinic acid 3beta-O-alpha-I-
arabinopyranoside was easily synthesized along geétlen bidesmosidic saponins starting from the naggpe
triterpenoids betulin and betulinic acid. As higiied by the preliminary cytotoxicity evaluationaagst A549,
DLD-1, MCF7, and PC-3 human cancer cell lines, thidesmosidic betulin saponin , bearing alpha-I-

52
Scholars Research Library



Gomathi Periasamy et al Arch. Appl. Sci. Res., 2014, 6 (3):47-58

rhamnopyranoside moieties at both C-3 and C-28ipasi was determined to be a potent cytotoxic af€h, 1.8-
1.9 microM )[35].

A series of new imidazole carboxylic esters (carétms) and N-acylimidazole derivatives of betulird dretulinic
acid have been synthesized. The new compounds seeeened foin vitro cytotoxicity activity against human
cancer cell lines HepG2, Jurkat and HelLa. A nuntferompounds have showngralues lower than 2 microM
against the cancer cell lines tested and the vagirity has shown a better cytotoxicity profile thietulinic acid,
including the betulin derivatives. N-Acylimidazotierivatives and the C-3 carbamate derivatives wreeemost
promising compounds[36].

In 2009 at Japan, sixteen derivatives were syrthdsand evaluated in an in vitro EBV-EA activatassay, which
is well established to correlate with antitumorfpmiing activity. Among them, analogs 4-6 and 17e19ig 4
showed significant potency as antitumor- promot€asmpound 6 of fig 4 modified with a prenyl-liketesgroup
was the most effective. Further structural modifaras are in progress, and active compounds argliested in an
in vivo two-stage mouse skin carcinogenesis assay[37].

0 =
: OH
17:R = 3
0 =
: CO,H
18R = 3
o)
19:R = COH

1: Betulinic acid (BA, R = H) 2: Ceanothic acid (CA)
3: DSB [R = C(0O)CHC(CH;),CO,H]

Figure 4. Structural modification of Betulinic Acid

M echanism of action of Betulinic Acid as anti-cancer Agent:

Numerous studies over the last years aimed atddtiog the molecular mechanisms of betulinic acetiated
antitumor activity. One characteristic feature efuinic acid’s cytotoxicity is its ability to triger the mitochondrial
pathway of apoptosis in cancer cells. Apoptosanisntrinsic program of cell death that is preserdgvery cell and
regulated by defined signaling pathways[38].

Apoptosis pathways can be initiated at the levethef mitochondria by the release of apoptogenitofacsuch as
cytochrome C, Smac or AIF from the mitochondrialeimembrane space into the cytosol (mitochondrial o
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intrinsic pathway). Smac promotes apoptosis by naéming “Inhibitor of Apoptosis Proteins” (IAP)-ndgated
inhibition of caspase-3 and -9. Alternatively, afugis can be triggered by ligation of death recep(®R) such as
CD95 or TRAIL receptors by their cognate ligandss. iCD95 ligand or TRAIL (receptor or extrinsic
pathway)[4,15,16,18,39].

Apoptosis can be inhibited by at various levelg, by FLIP, Bcl-2 or IAPs (Fig. 5)

CD95 ligand
TRAIL

| =

FABD
Icaspasa-ﬂ I I_ FLIP

Bia ———a _

CApaf-1
IAF':-_;. ——-'I caspase-9

Figure 5. Apoptosis pathways

The main mechanism of anti-cancer action of betulacid is known as the induction of apoptosis ellsc
independent of their p53 status. The Debatin grsuggests that betulinic acid could induce mitochiando
undergo permeability transition (PT), which cautes release of cytochronweinto the cytosol, the activation of
caspases (interleukirgiconverting enzyme/Ced-3-like proteases), and thNé& Eragmentation. Another mechanism
indicates betulinic acid acting as the inhibitorashinopeptidaseN (APN), since APN is closely asged with
extracellular matrix components; its inhibitiorlilely to prevent the melanoma invasion into baseinmeembranes.
By its lipophilic character, Betulinic Acid may @ictly or indirectly influence the lysosomal memtergroperties
causing lysosomal membrane permeabilization oerratively, Betulinic Acid may act as a lysosomptooagent
like siramesine. Siramesine is a lipophilic compbtimat shares some interesting features with Betuhcid such
as induction of p53-, Bcl-2- and caspase independeell death and induction of cytoprotective
autophagosomes[32].

Betulinic acid also induces proteasome-dependegtadiation of Sp1, Sp3, and Sp4 proteins. Laboraturdies
have shown that both basal and hormone-inducedession of VEGF in cancer cell lines is dependentSpn
protein expression), and regulation of survivinsiome cells is also dependent on these transcrifitictors).
Moreover, because Sp proteins are up-regulatedaimyrtumors/cancer cells) and are associated wilifgnative,
angiogenic, and antiapoptotic pathways, it is higpsized that the anticarcinogenic activity of hietalacid may be
due, in part, to down-regulation of Sp proteinstulieic acid also decreased expression of Spl, &pd, Sp4
proteins in SK-MEL2 melanoma cancer cells, andlsimesults were obtained in other cancer lines[39]
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Betulinic acid inhibits VEGF and survivin promotexpression through proteasome-dependent degradaitiSp
proteins. Expression of both VEGF and survivin @amg cancer cell lines is regulated by Sp protefarattions
with GC-rich promoter sites therefore, the effemtdetulinic acid on decreased expression of VEGH survivin
through Sp protein degradation was further inves¢éid. The studies show that betulinic acid decckassferase
activity in LNCaP cells transfected with pVEGF1 gsdEGF2, and these effects were reversed by thegsome
inhibitor MG132; similar results were observed gsithe proteasome inhibitor lactacystin. The studiesher
confirm that betulinic acid—induced degradationSgf proteins results in decreased VEGF expressidiNi@aP
cells, and this is consistent with RNA interferersteidies showing that Spl, Sp3, and Sp4 regulat&FVE
expression in cancer cell lines. Betulinic Acid tBgs Mitochondrial Functions.

It has been found to activate two human apoptetithways: the mitochondrial apoptotic pathway arfeiB
pathway. It induces apoptosis independently of CD®B0-1/FAS) and p53. The other apoptosis pathvifected

by Betulinic Acid is the NReB pathway. DNA damage activates MB: NF«B leads to inflammation, the
synthesis of ROS, cytokines and chemokines incydilNF, lymphotoxins, IL-6, and IL-8, and growth and
angiogenic factors. NkB can lead to malignant proliferation, the prevemtiof apoptosis, and an increase in
metastasis and angiogenesis[4].

C for cisplatin/Carboplatin

face is puffy from nefrotoxic and acavstic renal damage

decodron

[ for vineristin peripheral neuropathy

D for doxorubicin cardiotoxic

E for bleomyein pulmonary fibrosis

Cy for eyelophosphamide hemorthagic cystiis

M for MTX. 3 for SFU and 6 for §-MP myelosuppression

Figure 6. Chemo-men

Advantage of Betulinic Acid over the synthetic ones:

Currently conventional drugs used in cancer cheeratty includes: - alkylating agents (Mustine,
Cyclophosphamide, Chlorambucil, Melphalan, etc);tidietabolites (methotrexate, 5-fluorouracil, etcN®
binding agents; topoisomerase inhibitors (camptitise etoposide, etc); microtubular inhibitors @analkaloids
and taxanes); molecularly targeted agents; smaleentes and monoclonal anti-bodies hormones; bicibg
response modifiers[40].
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All of the above agents have their own side effe€tseir side effects are represented diagrammbBti¢@hemo
men) as Fig. 6.

Betulinic Acid Derivatives as anti-cancer agent:

Advantage of Betulinic Acid Derivatives over Betulinic Acid: Betulinic Acid is an important natural product, and
more and more studies have shown that Betulinid Acis significant anticancer activity against vasikinds of

cell linesin vitro. In a study, a series of Betulinic Acid derivasweere designed, synthesized and evaluated their
antitumor activities against the MGC-803, PC37B3Bcap-37, and A431 cell lines and the study sagthat the
C-28 amino substituted BetA derivatives possessgar anti-proliferative ability. The Kgvalues of compound 3c
against the above five cancer cell lines were 28, 3.3, 3.6, and 4.3M, respectively. However, the compounds
containing an acyl piperazine moiety at C-28 did display higher inhibitory activity, and some cooopds only

had moderate antitumor activity, but still moreaethan the parent Betulinic Acid[41].

A series of new imidazole carboxylic esters (carls) and N-acylimidazole derivatives of betuliagd have
been synthesized. The new compounds were screenéd iitro cytotoxicity activity against human cancer cell
lines HepG2, Jurkat and HelLa. A number of compoura® shown I values lower than 2 IM against the cancer
cell lines tested and the vast majority has showatger cytotoxicity profile than betulinic acid[4]

Betulinic Acid holds great promise as an anti-turagent, but as mentioned has a severe drawbadk oor
solubility in aqueous solutions and thus its amlan in vivo. Another non-scientific fact is thas a broadly
available product from nature, Betulinic Acid idfaiult to patent. For these reasons, and of coimssearch for
even more potent anti-cancer drugs, a lot of effas been put into developing and testing Betulitvaid

derivatives[32].

Generally, the advantage of betulinic acid derixegiover betulinic acid is the following:-

Betulinic acid is a natural compound with high iitrev cytotoxicity toward many cancer cells. Howevtire poor
water solubility of this compound hampers an effexin vivo cancer study. New ionic derivatives of betulia@d
were produced with higher water solubilities, withdosing the structural integrity and functiongliof this
compound.

As a result, these new ionic derivatives have showich higher inhibitory effects against differeanhcer cell lines
such as melanoma A375, neuroblastoma SH-SY5Y asasbadenocarcinoma MCHo improve the potency of
Betulinic Acid, dozens of structural modificationave been made to Betulinic acid currently[42].

Recent progress and future perspectives on BetA and its derivative: According to World Health Organization,
80 % of the people living in rural areas dependmadicinal natural products as primary healthcastesy. A great
deal of pharmaceutical research done in technadlgiadvanced countries like USA, Germany, Fradegan and
China has considerably improved quality of the uralt products used in the treatment of cancer. Sopateral
products protect the body from cancer by enhandgtgxification functions of the body. Some of thesduce the
toxic side effects of chemotherapy and radiother&myentists all over the world are concentratimgtioe natural
products to boost immune cells of the body agataater. By understanding the complex synergisteraction of
various constituents of anticancer of natural potsiutheir formulations can be designed to attéek dancerous
cells without harming normal cells of the body[43].

To date, the majority of studies were devoted ®itivestigation of betulinic acid, as this derivatrevealed better
bioavailability and cytotoxic effects. However, theed for chemical transformation of betulin inetulinic acid
makes the more former compound an interesting medarget, especially because it is also a knowturah
medicinal product. Betulin and its derivatives weeported to be less active toward some cell lirmg, no
particular structure activity studies were perfodnte explain in detail the difference in the adiviOne possibility
could be much lower solubility of betulin comparibg betulinic acid due to the presence of the more
hydrophilic carboxylic group in the latter, whichagnadversely affect cell permeability and cell geatéon in the
case of the betulin[44].

Natural compound betulinic acid shows potent aatieer activity through activation of mitochondnedthway of
apoptosis in cancer cells. Betulinic acid may disaised in combination protocols to enhance itisusmbr activity,
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for example with chemo- or radiotherapy or with temth receptor ligand TRAIL. Because of its rgkatieactive
cytotoxicity against malignant compared to norn&lls; Betulinic acid is a promising new experimématati-cancer
agent for the treatment of human cancer today[38].

Recently, studies showed that substituted BetA agsalcan be proteasome inhibitors, and the C-3 a3d C
positions of Betulinic acid are the pharmacophéoesmproving the proteasome inhibition activity.

Within the C-3 and C-30 substitutions, larger saff@ins with lipophilic or aromatic side chains &&ored for

increased inhibition of the chymotrypsin-like adijvof 20S proteasome. C-3 and C-30 modified BA poomds

showed low toxicity in the previous anti-AIDS stadj and bevirimat, a C-3 substituted BetA, hasadiesucceeded
in phase llb clinical trials. Therefore, developmeh C-3 and/or C-30 modified Betulinic Acid dertixes as

proteasome inhibitors might be able to provide riberapeutic agents for treating cancers and inflatary

diseases[4].

CONCLUSION

Cancer is the second most important disease leadirdeath in both the developing and developed tri@sn
nowadays. This global burden of cancer continugsdease largely because of the aging and groftheoworld
population alongside an increasing adoption of eeseausing behaviors, particularly smoking, in eguoitally
developing countries.

In light of the scientific promise of chemoprevemti there is an overwhelming need to develop new
chemopreventive agents that are both effectivesafe. One practical approach to this problem isse natural
products as a platform for drug development. Appnately half of the drugs currently used in thenidiare
derived from natural products. For thousands ofs/@md nowadays natural products have been usedntbat
human diseases and play an increasing role indisegvery and development.

The antitumor activity of natural products has béaked their ability to trigger cell death pathvgaincluding
apoptosis or programmed cell death in cancer d@fimatural products Betulinic Acid (a known naiysantacyclic
lupane type triterpenoid present in many plant gsecobtained by extraction of barks or core ahs@lant species
or by synthetic processes, e.g. using the betaloofol triterpene) as a synthetic intermediat&ated from the bark
of Betula Alba and Betula pendula treat cancerous cell selectively without harmimg mormal cell, and this makes it
preferable than chemotherapeutic agent. The potervealubility of this compound hampers an effegtin vivo
cancer study and its new ionic derivatives werapoed with higher water solubilities, without logithe structural
integrity and functionality of this compound. Asresult, these new ionic derivatives have shown mhuigher
inhibitory effects against different cancer cellds.
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