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ABSTRACT

Breast cancer is atype of cancer beginning in the inner lining of the milk
ducts or lobules. This study presents 14 novel drug constructs for the
treatment of breast cancer that are modeled from melphalan scaffolding.
Melphalan is a nitrogen mustard agent which has been utilized success-
fully for theclinical treatment of metastatic breast cancer. Likewiseeach 14
new construct are nitrogen mustard agents with zero violations of the Rule
of 5. Important pharmacol ogical molecular propertieswere determined which
showed ainteresting rangein Log P, molar volume, aqueous solubility, and
formula weight. The numerical values of Log P range from 0.58 to 3.43,
formulaweight from 275.05 to 488.16, molar volumefrom 242.2 A%t0 471.98
A3, and aqueous sol ubility from 0.37 mg/Liter to 250.8 mg/L iter. Results of
this study reveal the substantial range of effects that substituent substitu-
tion imputes on properties that are important for pharmaceutical activity.
Cluster analysisof molecular propertiesrevealed themost similar constructs
to melphalan. Analysis of similarity (ANOSIM) indicated that all 14 con-
structs were related to melphalan. Pattern recognition methods reveal effi-
cacious variations in pharmacodynamic activity among the constructs. In
summation, an assemblage of 14 potentially beneficial anticancer agents
wereelucidated. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Breast cancer isatype of cancer that beginsusu-
dlyintheinner liningof themilk ductsor lobules. There
arevarious casesof breast cancer that will havevary-
ing levelsof proliferation, aggressiveness, and genetic
consgtitution. Survival ratesvary depending on factors
of aggressiveness, geneti ¢ description, and rate of pro-
liferation. The 10-year disease-free survival ratewill

vary from 10% 0 98%. Clinical treatment includessur-
gery, drugs (hormonetherapy and chemotherapy), with
or without radiation. Breast cancer isthe second most
commontypeof cancer after lung cancer. Previous stud-
ies have shown that mel phalan can be utilized sepa-
rately, but asasecond in asequentia ternary drug regi-
men (paciltaxel, melphalan, cyclosphos- phamide) for
metastati c breast cancer treatment and providingahigh
response outcome¥l. A ternary drug regimen (busulfan,
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mel phalan, thiotepa) which includes mel phalan has
shown substantial benefitinthetreatment in stagell
and stage I11 operabletumors of the breast’3. A well
tolerated and beneficid outcomefor treatment of meta-
static breast carcinoma has been achieved by combi-
nation chemotherapy having mitomycin C, mel phalan,
and methotrexate™.

Clinical treatment of breast cancer that includes
mel phaanwith supplementa careshow consderablepo-
tentia inmanaging proliferated dissase. Thesinglegopli-
caionof anintendvecombination akylatingagents(high
dosecydophasphamide dgplain, mephdanor camudting)
inadditionto bonemarrow support producesamorergpid
and morefrequent compl eteresponse compared to con-
ventionad chemotherapy®. A high dose regimen of
mel phalan treatment applied with surgery hasdemon-
strated substantial benefitsfor cancer patients®.

Mé phadanisadministered by intravenousinjection
rather than orally, which is an approach that allows
greater manageable control of toxicity and greater pre-
dictability inblood level ™. Thegpplication of melphdan
for thedlinical treatment of multiplemye oma, and with-
out autologous bone marrow transplant, resultsin fa-
vorableoutcome®. Adjuvant treatment of ovarian car-
cinomawith use of melphalan but after surgery resulted
inavery favorable absence of residua disease®. En-
couraging evidenceresulted after high dosemelphalan
was admini stered with noncryopreserved autologous
bone marrow asatreatment for malignant melanoma
and neuroblastomd™®. Whenmdphaanisincludedina
multidrug regimen for trestment of relgpsed Hodgkin’s
disease acomparabl eresult was achieved asthat cred-
ited to other combination chemotherapy regimenscur-
rently inusg™.

Studies of tumor response pertaining to melphadan
clinical usestrongly supportsthe contention that perfu-
sonanddrug distribution aremajor factorsinvariable
tumor response*?, Multidrug resistanceto important
anticancer drugssuch asmel phaanin chemotherapy of
breast cancer™, is an alarming devel opment that
stressesthe need for further e ucidation and devel op-
ment of chemotherapeutic agents. Thiswork presents
14 nove drug designs having modified structural fea-
turesthat dter the pharmaceutical propertiesto present
aflexibleand effective treatment regimen intheface of
tumor to tumor variation.
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EXPERIMENTAL

Molecular modelingand in silico search

Modeling was accomplished utilizing ACD/
ChemSketch modeling v. 10.00 (Advanced Chemistry
Development, 110 Yonge Street, Toronto Ontario,
M5C 1T4 Canada). Numerical values of molecular
propertiessuch polar surfacearea, violationsof Ruleof
5, molecular volume, number of oxygensand nitrogens,
amines(-NH, ) and hydroxyls (-OH), etc were deter-
mined using Molinspiration (Molinspiration
Chemiformatics, Novaulica6l, SK-900 26 Slovensky
Grob, Slovak Republic). Insilico structure search for
subgtituent replacement was accomplished usng Chemi-
cal substructure and similarity search with Mol Cart
Chemica Data Base (Molsoft L.L.C. 3366 North
Torrey Pines Court, Suite 300, LaJolla, CA 92037 U
SA).

Pattern recognition and expatiation

Toidentify underlying associationg/patternswithin
the propertiesnumericad matrix required theuseof vari-
ouspatternrecognitiontechniques. Indudedintheandy-
sisishierarchical cluster analysis accomplished by
KyPlotv. 2.0 Beta15 (copyright Koichi Yoshioka1997-
2001). ANOSIM (analysisof similarity analysiswas
performed by PAST v. 1.80 (copyright Oyvind Ham-
mer, D.A.T. Harper 1999-2008).

Numerical analysisof multivariatedata

Statistical analysisof al numerica datawasper-
formed by Microsoft EXCEL (EXCEL 2003, copy-
right 1985-2003). Correlation analysis by Pearsonr
was donefor some descriptors and was accomplished
by GraphPad Software (GraphPad Instat v. 3.00 for
Windows 95 GraphPad Software, San Diego Califor-
niaUSA).

RESULTSAND DISCUSSION

Mé phdan (Alkeran) isabifunctiond akylatingni-
trogen mustard agent that can utilized either oraly or
intravenoudy for theclinical trestment of breast cancer,
multiplemyelomd?, and ovarian cancer™™. Thetwoprin-
cipd typesof breast cancer arethemost commonforms
of ducta carcinomaand lobular carcinomawhich be-
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Figurel: Drugcongructs(2) through (15) with thepar ent scaffold of melphalan. Notethat each drug congtr uct retainstheN-mustar d
group that iscovalently bonded toan aromaticring similarly tomelphalan. Variationsin structurefor constructs(2) through (15)
occur sat thesubgtituent that isin par apostion totheN-mustar d gr oup. All compoundshavezeroviolationsof theRuleof 5
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Figure?2: Hierarchical cluster analysisof drugs(1) through
(15) by molecular propertiespresented in TABLE 1 will ar-
rangeinto clusters(nodesA, B) which member shave highest
levelsof amilarity. The2-way dendr ogram presentsinto Clus-
ter A) Drugs I(melphalan), (2), (3). (4). (6), (7). (9). (10), (11),
(12), (13), (15); Cluster B) Drugs (1) (melphalan) and (7).
Interegtingly drug 8isdistinguished fromall other constructs
and placed intoadistinct cluster

ginsinthelobulesor milk producingtissue. Mephaan
has been shown previoudy to bevauablein thetreat-
ment of breast carcinomaindividualy®, consorted with
surgery!®, and aspart of amultidrug chemotherapy regi-
men*Y, However issueshave been identified associat-
ing melphalan to multidrug resistance in cancer treat-
ment**%5, Novel drug constructsderived by substitu-
ent subgtitution and in silico optimizationto melphalan
are presented hereto demonstratetheefficacy of modi-
fying molecular propertiesto enhance pharmacodynamic
action.

Themethodical and mensurated substitution of sub-
stituents comprising the scaffol ding of mel phalan pro-
ducesnovel drug structuresthat have modified phar-
maceutica propertieswhich may enhanceand expand
themedicina ussfulnessof thisanticancer agent. Inslico
search by optimization (EXPERIMENTAL) produced
14 agents that are presented in figure 1. All 14 con-
structsretain aminimum of onearomeatic ring and the
nitrogen mustard bifunctional akylating moiety. Other
Structure componentsappesaringincludecarboxyl groups
(-COOH), hydroxyl (-OH), amide (-CONHR), and
aliphatic carbons. Numerical vaues of important mo-
lecular propertiesarepresented in TABLE 1.

Varioustoolsfor profiling drug likenesshaveim-
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proved theefficiency of identifying potentia dlinica che-
mothergpeutic agentsinthefaceof risng costssand com-
plexity of synthes sand pharmacodynamics/pharmaco-
kinetics. TheLipinski’sRuleof 5 contendsthat orally
activedrugs havethefollowing attributes'®: 1) Not
more than 5 hydrogen donors (-OH and -NH ); 2)
Not morethan 10 hydrogen bond acceptors (oxygen
and nitrogen); 3) A Log Plessthan 5; 4) Formulaweight
lessthan 500. Whally dl of thesecriteriaarefulfilled by
these 15 compounds (Figure 1). Compounds having
violations are believed to have problemsin drug ab-
sorption. Consequently, agents(2) through (15) would
be anticipated to have favorableintestinal absorption
and cellular permeation*®, However dternaterefer-
encesfor drug-likenessindudethose of Ghosd', which
have acceptablevaluesfor Log P and formulawei ght
to beLog P-0.4to 5.6, and formulaweight 160 to
480, being somewhat different than those of Ruleof 5.

Anticancer activity of theseagentsarenot limited
to breast cancer but could also include treatment of
carcinomas of the central nervous systemif using the
parameters determined to be maximal for blood-brain
barrier penetration®9: 1) Log Pfrom 1to 4; 2) For-
mulaweight lessthan 400; 3) Polar surface arealess
than 90 Angstroms?. Following thesecriteriathenthe
following anal oguesto melphalan are determined to
have potentia asbrain cancer chemotherapeutics: (5),
(7), (10), and (14). Trestment of braintumorsarehighly
problematic dueto thelimitations present in delivery
caused by the blood-brain barrier. However, adual
goplicationimputes higher efficaciouspotentid for these
particular drug constructs.

Criteriafor favorableintestind absorption havedso
been investigated with focuson polar surface areaas
the prima guiding descriptor??. Applying thesecriteria
it can be determined that up to 50 % of oraly adminis-
tered drug would be absorbed in theintestinal tract for
anaogues(3), (4), (8), (10), (12), (15), (16), and (20).
By polar surface areaval uesthen thefollowing ana-
logueswould have greater than 50 % intestinal absorp-
tion: (2), (5), (6), (7). (9), (12), (13), (14), (17), (18),
(19), (22), (22), (23), (24), and (25). Clearly these
outcomes strongly support the potential of anal ogs of
mel phal an for administration astreatment for breast
cancer and carcinomaof the central nervoussystemin
the case of analogues (5), (7), (11), (14), (17), and
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TABLE 1: Molecular propertiesof anti-cancer compounds

Formula log Polar surfacearea Molar volume Aque_o_us Violations of
Compound wt. P (Angstrom?) (Angstrom®) nON nOHNNH Sc()lnlig/':_';y ruleof 5
Mé plha' AN 30407 058 52.74 267.47 4 2 32.03 0
2 432.12 3.43 69.92 407.5 7 1 7.76 0
3 488.16 1.52 98.53 471.98 9 3 9.68 0
4 461.15 1.47 90.96 436.64 8 3 25.76 0
5 275.05 29 32.03 242.2 3 1 67.67 0
6 487.2 34 73.84 481.26 7 2 1.22 0
7 331.09 1.86 63.19 299.02 5 2 53.45 0
8 452.15 1.28 103.69 411.46 8 5 250.8 0
9 473.18 3.26 72.83 463.73 7 2 1.38 0
10 477.13 1.18 81.16 443.67 7 3 6.99 0
11 408.1 2.7 56.13 370.3 5 2 1.23 0
12 460.13 0.45 106.21 431.97 9 4 20.75 0
13 456.08 3.32 56.14 405.69 5 2 0.37 0
14 303.08 3.26 32.03 277.86 3 1 16.03 0
15 459.17 1.79 81.16 441.97 7 3 3.34 0

(18). Clearly, thedesign of anticancer drugsutilizing
mel phalan asthe parent scaffold will yield many poten-
tialy advantageous constructs.

However theintringcsmilaritiesof thesecongtructs
that usesmel phalan asthe parent scaffoldingisrein-
forced by application of Analysis of Similarity
(ANOSIM). ANOSIM tests for differences among
groupsof cases(drugs) withinamultivariate data setf?Y.
Thistest acquiresthe distance measurementswithinthe
dataset and convertstheseintoranks. Inthisanaysis
the R value closest to the numerical value of onesug-
gestssubgtantid dissmilarity among groups. ANOSIM
analysisof TABLE 1 properties producesaresult of R
equd t00.07117, ava ueacknowledgingthehigh smi-
larity of structuresof constructs(2) to (15) to the par-
ent melphaan(drug 1).

Furthermore, cal cul ation of Pearson’scorrelation
coefficient r for objects (drugs) produced avery highr
for al drugsof greater than 0.8900 (an extremely high
corration). In additionthe coefficient of determination
(R?) at 0.7921 indi cates that these properties account
for more than 79.21% of the variance observed this
group of compounds. Clearly the examination and com-
parison of these descriptorsfrom one drug to another
isan effective approach to e ucidating their capable-
ness as anticancer agentsfor the treatment of breast
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cancer.

Hierarchicd cluster andysisisapattern recognition
method for finding homogeneous clustersof drugs, by
utilizing measured descriptorg?-2, Outcomeof cluster
analysisis represented as a 2-way dendrogram that
presentsthedrugsinto clusterswhereeach member is
determined to be most similar to other members. Out-
comefor cluster analysisof TABLE 1 descriptorsis
showninfigure2, utilizing s nglelinkage (nearest neigh-
bor) conditionsand Euclidean distance (geometricdis-
tancein multidimensiona space). The 2-way dendro-
gram representation clearly showsthat at supernode
(A) aredrugs(1), (2), (3), (4), (6), (7). (9), (10), (12),
(12), (13), and (15). Interestingly the cluster analysis
showsdrug 8to bedistinct from al other agents (in-
cluding melphalan). Compound (8) possessesfivehy-
droxyl groups (-OH) extending from an amidefunc-
tional group that isinthe parapositionrelativeto the
nitrogen mustard akylating moiety. Thecluster analysis
suggeststhe presenceof five hydroxyl groupsarehighly
differentiating and substantialy impactsthemolecular
propertiesof thiscompound. At supernode(B) thedrugs
1. ), (3), (4), (6), (), (9), (10), (11), (12), (13),
and (15) arefurther secernated into amultitude of sub-
clustersto attain the highest description of similarity.
The parent drug melphalan is determined to be most
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similar to construct (7). Intermsof clinical expecta-
tions, drugs (1) (melphalan) and (7) would havethe
greatest leve of analogousmedicind action. Drug (8) is
uniqueinthat it hasalarge amide group having five
hydroxyl groups (-OH), which providesthisdrugwith
thehighest water solubility at 250.8 milligramg/Liter in
lieu of greater hydrogen bonding capability.

While somepropertiesvary considerably, itispos-
sibleto determinethe underlying relationshipsby ap-
plying pettern recognition methodsof andysis. For many
constructsthe pivotal propertiesof molecular weight,
polar surface area, partition coefficient Log P, etc
strongly supportsthe contention that thesenovel con-
sructswill havefavorablebioavailability (by Ruleof 5)
inadditionto ddivering thebifunctiona cytotoxicnitro-
gen mustard moi ety that i stheanticancer activity of this
classof anticancer drugs. Inthisfashionnove drug de-
signsare produced with supporting evidence of their
substantia potentia intheclinical treatment of breast
cancer.
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