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ABSTRACT KEYWORDS
The design and synthesis of new pharmaceuticals is enhanced when mo- Pattern recognition;
lecular physicochemical propertiesare el ucidated. Pattern recognition meth- Barbiturates;
odsareideally suited to identify the underlying relationships within amul- Descriptors;
tivariate numerical matrix of molecular descriptors. Fourteen descriptors of Multivariate analysis.

twelve barbiturate drugs are analyzed by non-metric multidimensional scal-
ing, discriminant analysis, cluster analysis, K-means cluster analysis, self-
organizing tree algorithm (SOTA), and analysis of similarity (ANOSIM) to
determine the detailed relationship of the novel descriptor LogK ow(drug)/
LogK ow(octanol) to formulaweight, polarizability, polar surface area, mo-
lecular volume, and nine other descriptors. The barbiturate class of drugs
are chosen for modeling purposes due to the vast number of existing barbi-
turate structures and the profound variation of medicinal activity effectu-
ated by minor structural changes. Non-metric multidimensional scaling clearly
shows that the ratio LogK ow(drug)/LogKow(octanol) is extremely similar
to descriptors of polarizability, index of refraction, number of oxygens,
nitrogens, number of hydroxyl (-OH) and aminegroups(-NH,) indrug struc-
tures. Likewise hierarchical cluster analysis determined this same conclu-
sion. In addition, the descriptor parachor is profoundly distinct from the
remaining thirteen descriptors, but with formulaweight and molar volume
strongly similar to each other. Discriminant analysis determined that the
novel descriptor LogK ow(drug)/L ogK ow(octanol) ismost dissimilar to de-
scriptors molar refractivity, molar volume, formula weight, polar surface
area, molecular volume, parachor, and molecular area. ANOSIM determined
that this group of twelve barbiturates are moderately dissimilar from each
other based upon the fourteen descriptors utilized for this study.
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INTRODUCTION omsisessentialy anisosteric replacement. Two funda:

menta reasonsdictatethereasoning for dtering astruc-

|sosterismisthereationship between setsof aioms  tureare: (1) To changethe characteristics of agroup of

or groups of atomsthat bestow similar propertiesto atomsreativeto thoseaready presentinthemolecule,
them(¥, and the substitution of an atomor group of at-  and (2) Toinfluencethe physical and biologica proper-


mailto:rbartzatt@mail.unomaha.edu

24 Application of pattern recognition methods to determine analogy

OCAIJ, 5(1) March 2009

FPull Paper =

ties of thewhole molecul €. Thereforethe new group
of atomswill havethereown attributesbut a soinduce
changeinmolecular size, shape, and steric character of
thewhole moleculg/¥. Minor changesinthestructure
can alter biological activity and thesestudiesarere-
ferred to asstructure activity relationshipsor SAR?2,
Physicochemical properties (descriptors) have
been defined and shown to be highly useful in predict-
ing crucid pharmaceuticd atributes. Polar surfacearea
has been utilized successfully to predict intestinal ab-
sorption®® and penetration of theblood-brain barrier
(BBB)®7, Thisisoneexampleof themultitude of prop-
erty variationinduced by structure changesontheac-
tivity of adrug?. Multivariate stati ti cshasbeen shown
in previousstudiesto be an effectivetool in predicting
drug absorption based on descriptors such as polar
surfaceared®, and pharmacokinetic dimensionsof ab-
sorption, distribution, metabolism, and excretion®19,
Molecular modelinginitself hasfound consider-
able successin predicting vitally needed anthelmintic
activity for tapeworm treatment invivo™. In addition,
datamining and pattern recognition methods (ie. hier-
archicd cluster andys's multidimensgond scding, prin-
cipa componentsanalysis, and neural network model-
ing) have been shown to provide useful information
forl*2: (a) Development of anticancer drugs; (b) Eluci-
dation of cancer molecular pharmacol ogy; (¢) Enhance-
ment of drug discovery for cancer care. Pattern recog-
nition hassuccessfully analyzed anabolic activity of ste-
roidg*® and predicted the geno-toxicity of polycyclic
aromatic compoundg*. Specificaly hierarchicd dus-
ter andys shasbeen found extremely useful in construc-
ting blood-brain barrier modd §*%, e ucidating pharma-
ceutica formulation*®, discerning pharmacokinetics'”,
analyzing microarray data®, and drug design™¥. Es-
sentidly thismethod findshierarchy inmultivariatedata
sets and presents resultsin a 2-way plotted dendro-
gram where subj ectsare grouped (clustered) together
onthebasisof greatest similarity®. Non-metric multi-
dimensiond scding (NMMDS) isan gpproach for data
reduction, preservesranked differenceswithinamulti-
variate data set and presents resultsin a 2-way plot
that placessubjectsinto groups having highest smilar-
ity!?l, K-means cluster analysisisanon-hierarchica
clustering methods which places subjectsby greatest
smilarity into apredetermined number of permissible
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clusterg?. Discriminant analysistestsfor separation of
subjectswithinmultivariatedatato identify maximd dif-
ferences among the subj ects (and thereby recognize
similarity among the subjects) and can dso present the
resultsina2-way plot??. ANOSIM isanon-paramet-
rictest for significant difference among groups based
on distance measure?. A large R (up to 1) for
ANOSIM indicates dissimilarity among subjects,
whereasaval ue approaching zero suggests similarity
among subjects?.

Barbituratesarealarge group of compoundshav-
ing over 2500 synthesized but with relatively few (ap-
proximately 12) being used for clinical application(24.
Theremedicinal activity isused to classify membersof
thisgroup by: (1) Long acting; (2) Intermediate acting;
(3) Short acting; and (4) Ultra-short acting??!. Rela-
tively minor dterationsin the structure causes substan-
tid changesinlipid solubility and thereby medicina ac-
tivity!?¥. Thebarbiturate drugsarean excellent choice
to exhibit the profound efficacy of pattern recognition
methodsto determinethe underlying rel ationships of
nove descriptorsto those commonly and successfully
usedintheimportant areaof drug design and discovery.

EXPERIMENTAL

Molecular modeling methodsand deter mination
of molecular property descriptors

Two major softwareswere utilized for advanced
mol ecular modeling and included structure congtituents
andysisaccomplished by Malingpiration (Molinspiration
Cheminformatics, Liscieudolie2, SK-841 04 Bratidava,
Slovak Republic) and 2-D with 3-D analysisutilizing
ChemSketch (Advanced Chemistry Development, 90
Adelaide Street West, Toronto Ontario, M5H 3V9
Canada). Some additiona support was accomplished
by ChemWindows 3 version 3.1.3 (Soft Shell Interna-
tional, 1600 Ute Ave., Grand Junction CO 81501,
USA).

Patter n recognition, multivariateanalyss, and sa-
tistical analysis

Various operationsto achieve pattern recognition
within thenumerica datamatrix of molecular proper-
tieswasaccomplished in addition to descriptive statis-
ticsdetermination. Underlying relationshipsof themo-
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lecular propertiesfor al compoundspresentedinthis
work were ascertained using cluster analysisand K -
means cluster analysis by PAST v. 1.28 (copyright
Hammer and Harper 1999-2004) and KyPlot v. 2.0
beta15 (copyright Koichi Yoshioka1997-2001). Data
anaysisof similarity, ANOSIM, was accomplished by
PAST v. 1.28.

Differentiation of numerical valuesby group was
achieved utilizing discriminant anaysisand wasdone
by KyPlotv. 2.0. Clustering using the Self Organizing
TreeAlgorithm or SOTA andysi % was accomplished
by GEPASV. 3.1 (copyright by J.Herrero, Bioinforma
ticsDept., 4601 Vdencia, Spain). Multipleregression
anaydsutilizing variouspropertieswas determined by
GraphPad Ingtat v. 3.05 (GraphPad InStat version 3.00
for Windows 95, GraphPad Software, San Diego Cdli-
forniaUSA, Copyright 1992-1998 GraphPad Software
www.graphpad.com).

Correlationsof numerical valuesand descriptive
datisticswasdoneby EXCEL (Microsoft Office Excel
2003, copyright 1985-2003 Microsoft Corporation).

RESULTSAND DISCUSSION

Barbiturate molecular structure containsabalance
of hydrophilicandlipophilicmoieties. Thesizeand po-
sition of substituentson the pyrimidinetrionering has
substantial affect upon biological activity!?!. For this
reason overseeing molecular propertiesisvauablefor
correlating physicochemical characteristicsto medici-
na activity. It followsthat the devel opment of novel
descriptorswill enhancetheinterface between struc-
tureand pharmaceuticd activity. Lipophilicity of adrug
can be effectively represented asthe measure of drug
distribution between n-octanol and water, or log of the
quantity of drugintheorganic phaserdaivetotheague-
ous phase asLogK ow!?. Because partitioning isgen-
eraly based on distribution utilizing an-octanol organic
phase, theratio of drug partitioning LogK ow(drug) to
the aqueous partitioning of n-octanol (or
LogKow(octanal)) providesthedistribution proportion
of barbituraterelativeto astandardized cellular mem-
branelayer asrepresented by n-octanol/water by-layer.
The net equation becomes LogK ow(drug)/LogK ow
(octanal). Described differently, thisratio isthe parti-
tioning of any desired drug rel aiveto the aqueous par-
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titioning of n-octanol. A similar representation can be
determined for other organi c/aqueous by-layers such
aswater-oliveail (for blood-brain partitioning), CHCI,,,
1,2-dichloroethane, and various alkanes?. In previ-
ous Hansch analysisthe use of Log P or Log D (for
ionizable drugs) wasvita for prediction of biological
activity!®,

Thetwelveexamplesof barbituratemedicindsare
presented infigur e 1 wheretherel evant substituents of
the parent structurethat vary are described. Four posi-
tionson the parent structure have been determined to
play requisiterolesinthebiologica activity of thebar-
biturate (R, R,, R,, and X). A sulfur atom or polar
oxygen atom substituted in pogition X aresignificantly
correlated with medicina action of the barbiturate?4.
In addition the carbon chains (or phenyl ring) of sub-
stituentsinlocations R, and R, have significant affect

Barbituratemolecular structure

O
Rivy, R2
A KT
X N @]
H

R1 R, Rs X
Barbital -H  -CH,CHs -CH,CH; 0
Hexetal -H  -CH,CH;  -CH,(CH,),<CH; O
Amobarbital  -H CH,CH,CH(CHs), -CH,CH; (0]
Butabarbital -H-CH(CHg)CH,CH;  -CH,CHj o}
Taibutal -H 'CH(CHg)CHzCHg 'CH2CH:CH2 (e}
Aprobal’bltal -H 'CH(CH3)2 'CH2CH:CH2 (e}

. ) -CH(CHs) )
Thiopental H CH,CH,CHs CH,CH4 S
) - CH(CH3) -

Thiamytal -H CH2CH2CHS -CH,CH=CH, S
Phebobarbital -H -CH,CH; -Phynyl (0]
Butethal -H -CH,CH3; -CH,CH,CH,CH; O
M ephobarbital -H -CH3 -Phynyl (0]
Methrbital -H -CHs -CH,CH, O

Figurel: Thediversemolecular structureof 12 medici-
nal barbituratesutilized in thisstudy ar eshown with sub-
stituentsdesignated for identification. Over 2500 bar bi-
tur ateshavebeen synthesized however approximately 12
satisfy current clinical requirements. Theaffect of sub-
gituentson medicinal activity issubgtantial, and provides
an excellent example of theimportance of size, volume,
placement, and water solubility of theatomscomprising
the substituent. M olecular propertiesare substantially
affected by the choice of substituents, ther efor etheappli-
cation of nove descriptorscan bevaluablefor designing
new clinical phar maceutics
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TABLE 1: Molecular popertiesof barbituratedrugs

A B C D E F G H 1 3 K L M N
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o 8 ;‘E‘ E § 56 = 5&22 z ;%mﬁ? Lo 2 2%
S £ 26> B o = = ~ <
© EP3%5CE & §R f 9§ f LB By 5S4
a) g 3 E%vc_osv g E‘E <—§ gao I§<§g %% ga 3.%g§/
- s S a o Q > xS
Barbital 18419 44.09 1615 3891 1458 05 7527 5 2 2 206.25 21793 0.65 0.231
Hexethal 2403 62.62 2276 5494 1462 2236 7527 5 2 6 287.82 300.25 2.46 0.875
Amobarbital 226.27 57.95 2114 5073 146 1743 7527 5 2 4 26517 27574 2.07 0.737
Butabarbital 21225 5326 192.6 467.2 1465 1309 7527 5 2 3 24457 251.03 1.65 0.579
talbutal 22426 57.62 2042 4964 1476 1525 7527 5 2 4 259.81 267.01 147 0.523
Aprobarbital 210.23 52.98 187.7 456.3 1476 1.091 7527 5 2 3 240.27 247.41 1.15 0.409
Thiopantal 242.34 6556 2075 5487 1544 1964 582 4 2 4 27752 28545 285 1.01
Thiamytal 25435 6996 2191 578 1551 218 582 4 2 5 289.7 284.16 3.23 115
Phebobarbital 232.24 59.21 188.1 4828 1541 1401 7527 5 2 2 25475 262.66 1.47 0.523
Butethal 21225 5335 1946 4692 146 1368 7527 5 2 4 24762 26359 1.73 0.616
Mephobarbital 246.26 64.13 203.2 5209 1543 1348 6648 5 1 2 27375 279 1.84 0.655
Methrbital 198.22 49.01 176.6 4272 1467 0447 6648 5 1 2 22579 235.620 1.15 0.409

A =angstroms

on molecular volume, polarizability, and LogK ow.

Replacement of the oxygen alomwithasulfur alom
at position X resultsin alarge decrease of total polar
surface area. Thetotal number of oxygens, nitrogens,
amines, (-NH), and hydroxyl (-OH) groupsregul ates
apparent hydrogen bond donor and acceptor proper-
ties.

Presented in TABLE 1 arethirteen phys cochemi-
cal propertiesof thetwelvebarbituratesdescribedin
figure 1 aswell asthe new descriptor LogK ow(drug)/
LogKow(octanol) designated asN, al other descrip-
tors assigned alphabet identifiersfromAto M (to be
utilized in pattern recognition analysistofollow). The
impact of substituent variation on numerica varianceof
these 14 descriptorsissignificant and several will be
highlighted. Themean value of molar volume (C) is
197.84 cm® with standard deviation (SD) of 18.32cm?®
whichis9.26% of the group mean. Themean of mo-
lecular volume (K) is256.09 Angstroms®, witha SD of
24.98 A2 whichis9.75% of themean. Although analo-
gousinvariation, it will beshown |ater by pattern rec-
ognitionanalysisthat C and K arenot similar descrip-
tors. Lipophilicity isavita component of Hansch analy-
sig?!, represented asLogK ow (M) hasamean of 1.81
withaSD of 0.743whichis41.1% of themean. Novel
descriptor LogK ow(drug)/LogK ow(octanol) or N, has
amean of 0.6431 withaSD of 0.2641 whichis41.1%
of themean. Theanal ogous values of SD isnot unex-

pected becausethenumerical valuesof LogKow(drug)
are undergoing division by a constant value of
LogKow(octanal). Indiscussion of polar surfacearea
(G) itistriking how achange of oxygentosulfurinthe
X position (seefigure 1) inducesalargechangeinoverdl
molecular polar surface areafrom group mean of 73.51
A?and SD of 3.71A2 (minusthiopental and thiamytal)
to overall group mean 70.96 A2 and SD of 6.838 A2.
Clearly thevariation of ajudicially chosen atom can
bring about significant alteration of physicochemical
properties and biologica activity (thiopental and
thiamyld areultra-short acting barbiturates). Placement
of aliphatic or nonaiphatic substituents on the parent
structureof barbiturates(seefigurel) resultsinastrik-
ing variation of molecular polarizahility (F) (sse TABLE
1). Theoveral group mean of Fis1.426 cm*witha
SD of 0.5702 cm?which is40.0% of the mean. Index
of refraction (E) remainshighly cons stent withamean
of 1.492 and SD of 0.03944 which is 2.64% of the
group meanva ue. Parachor (descriptor D) valueshave
amean of 491.64 cm?, SD of 54.15cm?whichis11.0%
of themean. With andogousvariationin numerica va-
uesthegroup mean of molar refractivity (descriptor B)
is57.48 cm?, SD of 7.39 cm® which is 12.9% of the
mean. Finally, the group mean of formulaweight (de-
scriptor A) is223.60 withaSD of 20.90 that is9.35%
of themean. Clearly thevariation of substituentswithin
barbituratesresultsin substantia variation of descriptor
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numerical valuesand consequently their biological ac-
tivity. It followsthat using physicochemical properties
are animportant component for elucidating their me-
dicind activity. Theapplication of new descriptorscan
improve understanding of the association of drug de-
sign and biological activity. Grubb’stest for outliers
among thenumerica vauesof nove descriptor N (Log
Kow(drug)/LogK ow(octanol)) indicated no outliers
among theva ues ca culated for these 12 barbiturates.
Whilepreserving theranked differencesamong the
subjectsof amultivariatle matrix non-metric multidimen-
sond scaing (NMMDYS) groups(clusters) the subjects
with othersthat havethe greatest similarity. Distances
between subjectsprojected into a2-way plot indicates
relativedissmilarity (ie. Closest subjects have higher
amilarity thanthosefar gpart). Theresultsof NMMDS
presented infigure 2 represent analysisof descriptors
A to N and not the barbiturates as subjects. At great
distancefrom all the remaining descriptors, parachor
(D) (seeinset arrow) isdetermined to be highly dis-
similar from thirteen other descriptors. Thenumerica
vauesof parachor (mean =491.64 cm?®) are consider-
ably larger than al theremaining descriptors. Parachor
isameasure of molecular polarizability and van-der-
Waalsinteractions?. Notably the descriptors molar
refractivity (B) and polar surface area(G) (seeinset
rectangle of Figure 2) are similar to each other but
clearly distinct from the supercluster (seeinset circle)
containingH, E, F, 1, J,M, and N. Novel descriptor N
(LogKow(drug)/LogK ow(octanal)) isdetermined to
have grestest smilarity to propertiesof hydrogen bond
interaction (H, I) and properties of topology (J) but
cons derably different from propertiesrepresenting po-
larizability: D (parachor), B (molar refractivity), and C
(molar volume). Other descriptorsdissimilar toN are
molecular area(L) and molecular volume (K). These
resultsindicatethat N would beuseful in providing ad-
ditiona information of adrug that balances contribu-
tionsof molar refractivity (B), molecular area(L), mo-
lar volume(C), and molecular volume (K).
Thehierarchicd dugter andyssresultsare presented
intheform of adendrogram, seefigure3, utilizing divi-
sive clustering with standard Euclidean distance (ie.
Distance between subjectsisthesmallest valueto con-
nect them). Heresinglelinkage clusteringwas applied,
or computation of smilarity by the closest pairs of ob-
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Non-metric multidimensional scaling of descriptors
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Figure 2: Non-metric multidimensional scaling results
arepresented in a2-way plot to project thedistancediffer -
ences among subjects of a multivariate matrix. Clearly
shown here aretherelative similarities among the de-
scriptorspresented in TABLE 1 and defined alphabeti-
cally Athrough N (see TABLE 1). I nterestingly, par achor
(D) isdetermined to be highly dissimilar from all other
descriptors(seeinset arrow). Molar refractivity (B) and
polar surfacearea(G) aremost similar to each other (see
inset rectangle). The novel descriptor LogK ow(drug)/
L ogK ow(octanol) or N isfound among acluster of descrip-
tors(inset circle) including L ogK ow(drug) (M), number
of rotatablebonds(J), number of -OH and -NH (1), polariz-
ability (F), index of refraction (E), and number of oxygens
and nitrogens(H)

servations between two groups. Objectsfallingwithin
the same cluster are determined to be most similar.
Again, asinfigure 2, descriptor D (parachor) isshown
tobehighly distinct for other descriptorsand falswithin
aclugter of itsown. A supercluster isdivided at nodeA
into two large clustersthat are further divided at node
B and node C. For objectsare categorized under node
C intotwo clusters having two objects each. Descrip-
torsA (formulaweight) and C (molar volume) aremost
similar, however descriptorsK (molecular volume) and
L (molecular areq) are paired together and thereby most
smilar. Thusfar theseresultsareana ogousto those of
non-metric multidimensiond scding (seeFigure2). The
remaining ninedescriptorsfall under node B. However
further hierarchical divison placesmolar refractivity (B)
and polar surfacearea(G) into adistinct cluster from
theremaining seven. Findly, descriptorskE, | KM, M,
and H are shown to be most similar to the novel de-
scriptor LogK ow(drug)/LogK ow(octanol) (or N). So
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Cluster analysisof molecular descriptors
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Figure3: Thedendrogram presented showsr esultsof clus-
ter analysisof thedatamatrixthat isTABLE 1and utiliz-
ing Snglelinkage clugeringwith standard Euclidean dis-
tance. Analogousto non-metric multidimensional scaling
it showsparachor (D) to behighly distinct from all other
descriptors. Again formulaweight (A) and molar volume
(C) aredetermined to have highest similarity asis mo-
lecular volume (K) and molecular area(L). Thenovel de-
scriptor LogK ow(drug)/L ogK ow(octanol) (N) isgrouped
by high smilarity toindex of refraction (E),-OH and -NH
(1), polarizability (F), L ogK ow(drug) (M), number of rotat-
ablebonds(J), and oxygensand nitrogens(H)

descriptorsA, C, K, L, D, B, and Garedissmilar from
N, therefore the parameter LogK ow(drug)/LogK ow
(octanol) isnot ambiguousof thosemol ecular features
comprisingA, C,K,L,D,B,andG

ANOSIM one-way determination preservesthe
differences among groups of a muti-variate data by
converting distancesto ranks?. An R valueof 0.3333
isacquired for the numerical valuesof 14 descriptors
of TABLE 1, whichindicatesalower level of dissmi-
larity overall. Thisresult isreasonablefor ameasure-
ment from apopul ation of drugsfromanidentical class.
However the affect on structure propertiesfrom sub-
dituent variaionissignificant from drugtodrug, thisis
clearly observed by investigating the numerica differ-
encesamong drug descriptors. Theunderlying relation-
shipsaremadeclear through analysisthet utilize pattern
recognition methods.

Thestrength of linear rel ationship among variables
isoften determined by applying Pearson’s correlation
analysisthat producesthe coefficient r, where zeroin-
dicatesno correlaion, negativevaluesindicateinverse
correlation, and r > 0.9000 indicatesavery high corre-
lation. A high correl ation does not prove causality, but
describes aanaogoustrend in direction (ie. Asone
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variableincreasesanother asoincreases).

For descriptorspresented in TABLE 1 ahigh cor-
relation (r > 0.7000) wasdetermined for formulaweight
(A), molar refractivity (B), molar volume (C), parachor
(D), index of refraction (E), polarizability (F), molecu-
lar volume(K), molecular area(L), LogKow (M), and
LogK ow(drug)/LogK ow(octanol) (N). The determi-
nation of LogK ow incorporatesthemolecular szewhile
summing contributionsto agqueous/organic by-layer
partitioning from component substituents. Interestingly
the novel descriptor N retainsthe high correlationto
formulaweight, molar refractivity, etc; and thereforeN
will retain somefacet of molecular sizeinfluenceonto
thebiological activity. No correl aion existsbetween N
and I, withaninverse correlation between N and de-
scriptorsG and H.

K-meanscluster anadysisisanon-hierarchicad clus-
ter method inwhich subjectsare clustered according to
smilarity (analogousto hierarchica cluster anayss, see
figure 3) but the number of clustersare specified by the
user?, Because K-means clustering does not require
prior computation of aproximity of distance/similarity
inevery casethismethod can andyzemuch larger data
setsthanfor hierarchicd clustering anayss.

Resultsof K-meansclustering of TABLE 1reveds
that molar refractivity (B) ismost smilar to polar sur-
facearea(G). Again parachor (D) isdistinct fromthe
remaining 13 descriptorsasindicated in hierarchical
cluster analysisand non-metric multidimensiona scal-
ing. Thenumber of oxygensplusnitrogens(H) ismost
similar to number of aminesand hydroxyls(l). There-
mai ning descriptorsaredivided among two super clus-
ters; thefirst grouping of formulaweight (A), molar
volume (C), molecular volume (K), and molecular area
(L); andinclusive of LogK ow(drug)/LogK ow(octanol)
(N), Logkow (M), number of rotatable bonds (J),
polarizability (F), andindex of refraction (E). Likewise
saf organizing treeanalysis?®(SOTA) placed thefol -
lowing descriptorsinto grouping indicating highest nu-
merical smilarity: LogK ow(drug)/LogKow(octanol)
(N), Logkow (M), number of rotatable bonds (J),
polarizability (F), and index of refraction (E). There-
mai ning ninedescriptor where placed individudly into
separate clusters. The results of SOTA analysis are
heavily influenced by numerical congruency seenwith
the supercluster of descriptorsthat contain N and hav-
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Discriminant analysisof molecular descriptors
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Figure4: Discriminant analysisishighly sensitivetodis-
tancemeasur ementsof objectswithin amultivariatedata
matrix. The novel descriptor LogK ow(drug)/L ogK ow
(octanal) (N) iscontained in asuper cluster of descriptors
(seeinset circle) determined to havethegr eatest similar -
ity and includesindex of refraction (E), LogK ow(drug) (M),
oxygensand nitrogens(H), -OH and —NH (1), number of
rotatablebonds(J), and polarizability (F). All other de-
scriptorsaredetermined to have substantial dissimilarity
and arestrewn over the2-way with substantial distance
between each other and thesuper cluster

ing numerical vaueslessthanten.

SOTA andysishassubstantid determinatenessbut
revea sformally the expected outcome accompanying
standard descriptorsappliedindrug design. Multiple
regression analysiswas performed utilizing formula
weight (A) asthe depen-dent variable and molar re-
fractivity (B), molar volume (C), parachor (D), and novel
descriptor LogK ow(drug)/LogKow(octanol) (N) as
independent variables. A multipleregression equation
melioratesthedesign of new drugsby determiningrela
tionshipsamong molecular propertiesthat arevital for
biological activity. Theresulting equation appearsas
follows. A = 56.579 +[B][5.361] +[C][0.7074] -
[D][0.5746] +[N][1.780. The R?for thisequationis
0.9962, accounting for 99.62% of thevarianceinfor-
mulaweight. A direct Pearson correl ation between (N)
and formulaweight is0.8580 (consi-dered high corre-
lation), whereadtraight linear fit becomesy = 0.01085x
-1.78. In addition, themultiple regression equation de-
finesnumerically therelationship of formulawei ght of
barbiturate drugsto polarizability, van-der-Waalsin-
teractions, and topology of molecular structure.

Thedynamic resultsof discriminant analysis per-
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mitstheconfirmation or rgjection of hypothesisthat two
subjectsaredigtinct (ie. Dissimilar)?. A 2-way plot of
scoresalong axis 1 and axis 2 will present the subjects
with Euclidean distance between them as approxima-
tionsof dissmilarity. A 2-way plot of scoresfor al de-
scriptorsof TABLE lispresentedinfigure4 dongaxis
1and 2. Descriptor N isfound in close proximity (and
thereforesimilar) toindex of refraction (E), LogKow
(M), oxygensand nitrogens(H), polarizability (F), num-
ber of rotatable bonds (J), and number of hydroxyls
and amines(l) (seeinset cirde). All remaining descrip-
torsare spread out over therange of axis 1 and 2 and
having greater distance between them (higher distinc-
tion). Clearly descriptor NisnotsimilartoB, C,A, G
K,D,andL.

CONCLUSION

Adiversebut clinically relevant population of bar-
biturate drugswere utilized to demon-strate the under-
lying relationshipsof 14 descriptorsincluding anovel
descriptor (N), aratio that compares standard drug
partitioning LogK ow to actud partitioning of n-octanol
(whichitself isgenerally taken to represent lipid by-
layer partitioning). Variouspettern recognition techniques
were gppliedto clarify underlying relationshipsfound
within thedatamatrix of 14 descriptors(TABLE 1).
Non-metricmultidimensiond scdingandysisdetermined
that descriptor N (LogK ow(drug)/LogK ow(octanol))
ishighly similar to thosefoundin supercluster (seeinset
circleof Figure2) containingH, E, F 1, J,and M. Like-
wisetoNMMDS, hierarchica cluster andysis(Figure
3) associated N to the samedescriptors. Evendiscrimi-
nant anaysisdetermined that N hasnegligibledistinc-
tion (le. Higher smilarity) fromdescriptorsH, E, F, I,
J,and M (seeFigure4). Theuseof pattern recognition
methods showed conclusively that nove descriptorscan
berelaed to other diverseand disparate phys cochemi-
ca propertiestofind underlying relationships, similari-
ties, and consequently-dissmilarities. Thenovel descrip-
tor N isanumerical ratio between standard organic-
agueous partitioning LogK ow and the partitioning of n-
octanol-whichisaccepted to represent alipid by-layer
modd . Thefind resultisanumerical vauethat describes
adrug’s partitioning to the by-layer mode . Other mod-
elscan beutilized, such aswater-oliveail (for blood-
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brain partitioning), CHCI ,, 1,2-dichloroethane, and
variousakanes®, Grubb’stest showed no outliersexist
among vauesof N. Pearson’s correl ation coefficient
outcome showed that N ishighly correlated to the nu-
merica vauesof all descriptorsexcept with | (no cor-
relation) and with aninversecorrelation between N and
descriptors G and H. ANOSIM identified amoderate
level of dissmilarity amongdl thedescriptorsof TABLE
1, an outcome that reflects the effects of substituent
variation among an otherwiseindistinguishable group
of barbiturate drugs. Theratiocination of thisstudy is
that patternrecognition methodsare highly effectivein
determining rel ationshipsbetween nove descriptorsand
thelarge body of physicochemica propertiesapplied
to drug design and devel opment. In addition, theratio
LogKow(drug)/LogKow(octanol) isrelated to prop-
ertiesthan assort pol arizability and van-der-Waalsmo-
lecular traits. Thisratio advertsdrug partitioning rela
tiveto the generaly applied membrane by-layer mod-
eling accomplished with the n-octanol /water system.
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