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Etape, obiective si activitati

Pentru etapele anului 2006 obiectivele planificate au fost:
o  Managementul resurselor: umane, materiale, cunoastere (Etapa Unica);
o Colectarea datelor experimentale (cromatografie pe strat subtire) si dobdndirea de
cunostinte (Etapa Unica).
Activitatile prevazute a se desfasura au fost:
o Documentare folosind resursele Springer Verlag (Etapa Unica);

o FElaborare specificatii pentru mediile de experimentare cantitativa si pentru

echipamentele de achizitionat (Etapa Unica);
e Separarea prin cromatografie pe strat subtire a steroizilor (Etapa Unica);

e Participari la manifestari stiintifice si dobdandirea de competente complementare (Etapa

Unica).

Activitatile au fost realizate si obiectivul planificat a fost atins.
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Activitati si rezultate

Documentare folosind resursele Springer Verlag (Etapa Unica):

Urmatoarele lucrari au fost selectate, obtinute si pe baza lor a fost actualizata

documentatia pentru modelarea proceselor la interfata fazelor:

Sven GroB3, Volker Reichelt and Arnold Reusken, A finite element based level set method
for two-phase incompressible flows, Computing and Visualization in Science,
DOI:10.1007/s00791-006-0024-y (Published online: 20 October 2006);

Myungjoo Kang, Hyeseon Shim and Stanley Osher, Level Set Based Simulations of Two-
Phase Oil-Water Flows in Pipes, Journal of Scientific Computing, DOI:10.1007/s10915-
006-9103-y (Published online: 17 October 2006);

J. Jodlbauer, P. Zo6llner and W. Lindner, Determination of zeranol, taleranol, zearalenone,
a- and P-zearalenol in urine and tissue by high-performance liquid chromatography-
tandem mass spectrometry, Chromatographia, Volume 51, Numbers 11-12 / June, 2000,
DOI:10.1007/BF02505405 (Accepted: 4 January 2000, Online Date 12 October, 2006).

Documentatia detaliata se gaseste in /ucrarea in extenso.

Elaborare specificatii pentru mediile de experimentare cantitativa si pentru
echipamentele de achizitionat (Etapa Unica):

Analiza cantitativa este bazata pe masurarea unei proprietati care este corelata direct

sau indirect, cu cantitatea de constituent ce trebuie determinati dintr-o proba. In mod ideal,

nici un constituent, in afara de cel cautat, nu ar trebui sa contribuie la masuratoarea efectuata.

Din nefericire, o astfel se selectivitate este rareori Intalnita.

l.

Pentru a proceda la o analiza cantitativa, trebuie urmate o serie de etape:

Obtinerea unei probe semnificative prin metode statistice;

2. Prepararea probei;

3.

Stabilirea procedeului analitic in functie de:
a. Metode:
1. chimice;
ii. fizice cu sau fara schimbari in substanta;

b. Conditii:
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1. determinate de metoda de analiza aleasa;
ii. determinate de substanta cercetatd;
c. Cerinte:
1. rapiditate, exactitate, costuri;
ii. posibilitatea de amortizare;

4. Evaluarea si interpretarea rezultatelor.

Practic, dupa natura analizei, exista 7 tipuri de metode de analiza: (1) gravimetrice; (2)
volumetrice; (3) optice; (4) electrice; (5) de separare; (6) termice; (7) de rezonanti. In general,
(1) si (2) sunt metode chimice, iar (3-7) sunt instrumentale (bazate pe relatii intre o proprietate
caracteristicd si compozitia probei). Adeseori, in analizd se cupleazd dupa sau mai multe
dintre aceste procedee de baza. O alta clasificare a metodelor de analiza se poate face dupa
implicarea componentilor in reactii chimice, in metode stoechiometrice $i metode
nestoechiometrice.

Separarea diferitelor substante dintr-un amestec constituie una dintre cele mai
importante probleme ale chimiei analitice. Metoda cromatografica se bazeaza pe repetarea
echilibrului de repartitie a componentelor unui amestec intre o fazd mobila si una stationara.
Datorita diferentelor in repartitie are loc deplasarea, cu viteza diferitd, a componentelor
purtate de faza mobild de-a lungul fazei stationare.

In general, metodele de separare cromatografice se impart in doua categorii: in prima
intrd cele care se bazeaza pe interactiunea diferitd a componentilor cu faza stationard
(repartitie, adsorbtie, schimb ionic si afinitate), iar in a doua cele care se bazeaza pe marimea
diferitd a componentilor (excluziunea stericd). Cromatografia pe strat subtire si pe hartie
poseda doud avantaje:

e sunt metode de separare cu costuri reduse;

e separarea se produce intr-un mod similar cu cea de lichide de inalta performanta (TLC -
thin layer chromatography; HPLC - high pressure liquid chromatography; HPTLC -
metoda integratoare - cuplarea TLC (analiza calitativa, alegerea solventilor potriviti,
alegerea compozitiei optime a fazei mobile) cu HPLC (analiza cantitativd folosind
informatia obtinutd prin TLC).

Documentatia detaliatd se gaseste in lucrarea [Horea Iustin NASCU, Lorentz
JANTSCHI, Chimie analitici si instrumentald (in Romanian), AcademicDirect &

AcademicPres, Internet & Cluj-Napoca, 320 p., ISBN(10) 973-744-046-3 & ISBN(13) 978-
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973-744-046-4 (AcademicDirect) && ISBN (10)973-86211-4-3 & ISBN(13) 978-973-86211-
4-5 (AcademicPres), 2006 (November), in curs de aparitie] si in /ucrarea in extenso.
Echipamente de achizitionat: calculator tip server pentru optimizarea numerica a
proceselor la interfata fazelor.
Problema majora in situatia actuald cu echipamentele existente este insuficienta
memoriei de calcul. Astfel, calculatorul folosit acum pentru calcule, dupa ce isi incarca
serviciile mai poseda foarte putind memorie de lucru:

193.226.7.211
Up Time
7:09PM up 7 days, 2:08, 0 users, load averages: 0.02, 0.02, 0.00

RAM |Active |Inact |Wired |Cache | Buf fFree

real memory = 268435456 (256 MB)
avail memory = 256106496 (244 MB) ‘ L0 ‘58M ‘ 68M ‘ -2l ‘35 ‘6561(

| cache | current | peak | max
I mbufs | 129 | - | -
| mbuf | 128 | 9024 | -
stbufs | - | 536 | 2512

Solutia propusd este achizitionarea unui calculator capabil sd suporte mai multd
memorie, calculatorul existent (Pentium II/Pentium II Xeon/Celeron) fiind deja la capacitatea

maxima de memorie suportatd (256 MB).

5/73



ET108/2006 — Et. Unicda/2006 — Lucrare in extenso

e Separarea prin cromatografie pe strat subtire a steroizilor (Etapa Unica):

Formula structurala generala a steroizilor este:

Compusii din clasa steroizilor diferd prin natura substituentilor, prin gradul de
nesaturare al nucleului tetraciclic, si prin natura lanturilor R1 si R2. Clasa de izomeri studiatd
contine compusi cu structurd foarte asemanatoare, diferind doar prin numarul si pozitia
radicalilor hidroxil.

Alegerea fazei mobile si optimizarea compozitiei acesteia sunt foarte importante,
deoarece separarea cromatograficd este dificil de realizat (Sherma J., Handbook of Thin-Layer
Chromatography, 3rd Edition, M. Dekker, New York, 2003, p. 913-933).

S-a ales faza mobild folosind metoda taxonomiei numerice (Castro D., Pujalte M.J.,
Lopez-Cortes L., Garay E., Borrego J.J., Vibrios isolated from the cultured manila clam
(Ruditapes philippinarum): Numerical taxonomy and antibacterial activities, Journal of
Applied Microbiology 93 (3), 2002, pp. 438-447).

S-a optimizat faza mobild folosind functii obiectiv (Cimpoiu C., Jantschi L., Hodisan
T., A new mathematical model for the optimization of the mobile phase composition in
HPTLC and the comparison with other models, Journal of Liquid Chromatography and
Related Technologies 22 (10), 1999, pp. 1429-1441).

Compozitia optima a fazei mobile a fost obtinuta ca fiind: cloroform — ciclohexan -

metil-etil-cetona 54:18:28 v/v (figura urmatoare).
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Cromatograma de mai sus dovedeste separarea compusilor steroizi (Sa androstan-3[3-

ol; Sa-androstan-3a-ol; Sa-androstan-17f-ol; 5p-androstan-3a,17p-diol; 5SB-androstan-3f3,17f3-
diol).

Participari la manifestari stiintifice si dobandirea de competente complementare
(Etapa Unica):

S-a participat cu lucrari stiintifice la urmatoarele conferinte:

Lorentz JANTSCHI, Sorana-Daniela BOLBOACA, Mihaela Ligia UNGURESAN,
Mobile Phase Optimization in Three Solvents High Performance Thin-Layer
Chromatography: Methodology and Evaluation, 6" European Conference on
Computational Chemistry, September 3-7, Book of abstract, Slovakia, 2006, Bratislava.
http://lori.academicdirect.org/conferences/6ECCC_HPTL.pdf

Sorana BOLBOACA, Lorentz JANTSCHI, End-of-Course Examination Methodology on
Physical-Chemistry Subject: A Case Study, 1st European Chemistry Congress,
Teaching Chemistry - Past, Present, and Future, 2006 August 27-31, Budapest, Hungary.
http://lori.academicdirect.org/conferences/EuChemC2006_2_list.pdf

http://lori.academicdirect.org/conferences/EuChemC2006_2.pdf

Lorentz JANTSCHI, Sorana-Daniela BOLBOACA, Processes Kinetics Modeling: A
Numerical Study, Ecomaterials and Processes: Characterization and Metrology, April
19 - 21, 2007, St. Kirik, Plovdiv, Bulgaria.
http://lori.academicdirect.org/conferences/MetEcoMat_Abs_Jantschi&Bolboaca.pdf
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Publicatii

1. Sorana Daniela BOLBOACA, Lorentz JANTSCHI, Modeling of Structure-Toxicity
Relationship of Alkyl Metal Compounds by Integration of Complex Structural
Information, Therapeutics: Pharmacology and Clinical Toxicology, RP Press,

Bucharest, Issue X(1), 110-114, 2006, ISSN 1583-0012, N.U.R.C. Class C,

http://lori.academicdirect.org/articles/Terapeutica.pdf

2. Sorana BOLBOACA, Lorentz JANTSCHI, Pearson Versus Spearman, Kendall's Tau
Correlation Analysis on Structure-Activity Relationships of Biologic Active Compounds,
Leonardo Journal of Sciences, AcademicDirect, Internet, Issue 9, 179-200, 2006, ISSN
1583-0233, DOAJ, http://ljs.academicdirect.ro/A09/179 200.pdf

3. Lorentz JANTSCHI, Sorana Daniela BOLBOACA, Antiallergic Activity of Substituted
Benzamides: Characterization, Estimation and Prediction, Clujul Medical, trimisa spre

publicare, http://lori.academicdirect.org/articles/Paper 19654_ClujulMedical .pdf

4. Lorentz JANTSCHI, Sorana Daniela BOLBOACA, Mihaela Ligia UNGURESAN, Mobile
Phase Optimization in Three Solvents High Performance Thin-Layer Chromatography:
Methodology and Evaluation, International Journal of Quantum Chemistry, trimisda spre

publicare, http://lori.academicdirect.org/articles/IJOQC _6ECCC _MobilePhaseOpt.pdf

5. Horea lustin NASCU, Lorentz JANTSCHI, Chimie analiticd si instrumentald (in
Romanian), AcademicDirect & AcademicPres, Internet & Cluj-Napoca, 320 p.,
ISBN(10) 973-744-046-3 & ISBN(13) 978-973-744-046-4 (AcademicDirect) && ISBN
(10)973-86211-4-3 & ISBN(13) 978-973-86211-4-5 (AcademicPres), 2006 (November),

in curs de aparitie, http://ph.academicdirect.org/
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Modeling of Structure-Toxicity Relationship of Alkyl Metal

Compounds by Integration of Complex Structural Information

Abstract

Alkyl metal compounds are ubiquitously toxins, known to be immunotoxic and/or neurotoxic.
Starting with the complex information offered by the molecular structure of ten alkyl metal
compounds, theirs toxicity was model by applying an original methodology. The obtained
models were evaluated and validated by means of correlation coefficients, statistical
parameters of models, and by cross-validation correlation coefficients. The model with the
highest predictive ability (rzcv(loo) = 0.9965) shows that the toxicity of alkyl metal compounds
is alike geometrical and topological, depend on the mass and partial change, and is related
with mechanical work of property and its field.

Keywords

Structure-Activity Relationships (SAR); Alkyl metal compounds; Complex information
integration; Molecular Descriptors Family (MDF)

Modelarea relatiei structura-toxicitate a compusilor metal alchil prin integrarea
informatiilor structurale complexe

Rezumat
Compusii metal alchil sunt toxine ubicuitare cu proprietati imunotoxice sau/si neurotoxice.
Pornind de la informatiile complexe oferite de structura moleculard a zece compusi metal
alchil, toxicitatea acestora a fost modelatd prin aplicarea unei metodologii originale.
Evaluarea si validarea modelelor obtinute s-a realizat prin studiul coeficientilor de corelatie, a
parametrilor statistici asociati modelelor si a coeficientilor de corelatie incrucisata. Modelul
cu capacitatea cea mai bund de predictie (rzcv(loo) = 0.9965) evidentiaza ca, toxicitatea
compusilor metal alchil este deopotriva de natura topologica si geometrica, depinde de masa
si sarcina partiald, si este in relatie directd cu lucrul si cAmpul proprietatii.
Cuvinte cheie
Relatii Structura-Activitate (SAR); Compusi metal alchil; Integrarea informatiilor complexe;

Familia Descriptorilor Moleculari (MDF)
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Introducere

Compusii metal alchil sunt toxine ubicuitare cu proprietdti fungicide [Chandra & all, 1987],
erbicide [Crowe, 2004], insecticide si bacteriostatice [Mehrotra&Singh, 2004]. Se cunoaste
astazi cd, expunerea la compusi metal alchil este imunotoxica [Ade & all, 1996; Dacasto &
all, 2001] sau/si neurotoxica [Aschner & Aschner, 1992]. De exemplu, expunerea la trietil
plumb produce modificari histologice la nivelul hipocampului, in timp ce expunerea la
trimetil plumb determind modificari histologice la nivelul mdduvei spindrii [Walsh & all,
1986]. Importanta studierii compusilor metal alchil rezida astfel din efectele pe care acestia le
au asupra mediului si a organismului uman. O serie de cercetatori au studiat corelatia dintre
acesti compusi si efectele lor biochimice, stabilind existenta corelatiei dintre structurd si
toxicitate [Eng & all, 1991; Laughlin & all, 1984].

Pornind de la informatiile complexe oferite de structura moleculard a zece compusi metal
alchil, scopul cercetarii a fost de a modela toxicitatea acestora prin aplicarea unei metodologii
originale si de a evalua abilitatile modelelor SAR obtinute in predictia toxicitatii compusilor

metal alchil.

Material si Metoda

Un esantion de 10 compusi metal alchil au fost inclusi in studiu. Denumirea compusilor,
abrevierea lor si toxicitatea masurata (exprimata ca log(LCsg) - pmol/l [Ade & all, 1996]) sunt
in tabelul 1.

Tabelul I. Denumirea compusilor metal alchil, abrevierea si toxicitatea masurata

Denumire compus | Abreviere | logL.Csy (umol/l)
Dibutil staniu DBS 1.8457
Dietil plumb DEP 1.8331
Tributil staniu TBS 0.3979
Trietil plumb TEP 1.5211
Trietil staniu TES 2.1973
Trimetil plumb TMP 2.4907
Trimetil staniu TMS 3.4419
Tripentil staniu TPS 0.5441
Trifenil plumb TFP 0.5315
Tripropil staniu TPrS 0.7924

Toxicitatea celor zece compusi metal alchil a fost modelatd prin integrarea informatiilor
complexe oferite de structura moleculard a compusilor, prin aplicarea unei metodologii

proprii, folosind Familia Descriptorilor Moleculari. Metodologia aplicatd in modelare a
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cuprins sase etape [Jantschi, 2005]. Fiecarei etape 11 corespunde unul sau mai multe programe
PHP (Hypertext Pre-Processor). Toate calculele au fost realizate pe serverul

http://vl.academicdirect.org.

Prima etapd a modelarii a fost destinatd reprezentdrii tridimensionale a compusilor metal
alchil care s-a realizat cu programul HyperChem [HyperChem, 2005]. In etapa a doua s-a
creat fisierul care contine toxicitatea masuratd (log(LCsp), exprimatd in pmol/l) a compusilor
metal alchil. Structurile tridimensionale ale compusilor si toxicitatea masuratd asociatd
acestora au intrat in etapa a treia, de generare, calculare si filtrare a membrilor familie
descriptorilor moleculari [Diudea & all, 2001; Jintschi & all, 2000]. In generarea listei
familiei de descriptori moleculari s-au luat in considerare urmatoarele caracteristici, regasite
in denumirea fiecdrui descriptor: geometria sau topologia moleculei (litera sapte in denumirea
descriptorului), proprietatea atomicd (masa atomica relativd, sarcina atomicd partiald,
cardinalitatea, electronegativitatea, electronegativitatea de grup, numarul de atomi de
hidrogen legati direct - litera sase), descriptorul de interactiune (litera cinci), modelul de
suprapunere a interactiunii descriptorilor (litera patra), metoda de fragmentare moleculara
(litera trei), metoda de cumulare a proprietatilor de fragmentare (litera a doua) si procedura de
linearizare aplicatd in generarea descriptorului global molecular (prima literd). Odata generata
lista descriptorilor moleculari, s-a trecut la etapa a patra, de cautare si identificare a celor mai
semnificative modele mono- si/sau multi-variate SAR. Cele mai performante modele SAR
identificate au intrat in etapa cinci, de validare, etapa in care fiecare compus metal alchil a
fost exclus pe rand din analiza, s-au recalculat valorile coeficientilor, si s-a prezis pe baza
modelului obtinut toxicitatea compusului exclus. Analiza de validare a modelelor SAR a avut
ca rezultat calcularea coeficientului de validare incrucisata (rzcv), parametrului Fisher si
semnificatia analizei de validare incrucisatd (Fpred, ppred(%0)) [Leave-one-out Analysis, 2005].
Etapa sase a constat in analiza modelelor SAR, analiza care s-a realizat pe baza urmatoarelor
criterii: coeficientul de determinare, probabilitatea de model SAR gresit, coeficientul de
validare incrucisatd, probabilitatea unui model de validare Incrucisatad gresit si stabilitatea
modelului datd de diferenta dintre coeficientul de determinare al modelului SAR si
coeficientul de validare incrucisata cu valoare cat mai micd. Tot in aceasta etapd s-a realizat
compararea performantelor modelului mono-variat si a celui bi-variat prin analiza de corelare
a coeficientilor de corelatie (testul Steiger [Steiger, 1980]).

Rezultate
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In urma integrarii cunostintelor complexe, au fost identificate cele mai performante modele
mono- si bi-variate SAR. Cele doua modele SAR si statisticile asociate acestora sunt in
tabelul II. In tabelul II s-a notat cu Y toxicitatea estimata, si cuprinde valorile coeficientilor de
corelatie dintre fiecare descriptor 1n parte si toxicitatea masuratd (r(desc, log(LCsp)), eroarea
standard (ErStd), valorile extreme ale intervalului de incredere asociat coeficientilor (CI; 95%
- valoarea inferioara, Cls 95% - valoarea superioard), parametrul Student (t) si probabilitatea

testului Student (py).

Tabelul II. Modele SAR si statisticile de regresie
| r(descr, log(LCs0)) | CI195% | CIs95% |ErStd |t | pi(%)
Mono-variat: Y = 0.335 + 0.252-iFDmdC.
Intercept -1 0.101 0.569]0.102| 3.298| 1.09-10"
iFDmdCg 0.9830| 0.213 0.290(0.017| 15.165]3.54-10”
Bi-variat: Y = 11.210 - 1.639-IHDmWMt + 0.372:LAMrEQg

Intercept -| 10.413| 12.008]0.337 | 33.239(5.78:10’
IHDmWMt -0.8396| -1.801| -1.4780.068[-24.009 |5.53-10°
LAMrEQg 0.9246| 0.346 0.397]0.011 | 34.348 | 4.60-10”

Abrevierea compusilor metal alchil, valorile descriptorilor moleculari folositi in modelul

A

mono- §i bi-variat §i toxicitatea estimata (toxicitatea estimata cu modelul mono-variat = Y yono-

v, toxicitatea estimatd cu modelul bi-variat = \A(bi_v) sunt prezentate in tabelul II1.

Tabelul III. Abrevierea compusilor, valorile descriptorilor moleculari si toxicitatea estimata
cu ajutorul acestora (cele mai bune modele obtinute)

Abreviere Mono-vafiat Bi-variat )
1IFDMACg | Yimonov | IHDMWMt | LAMrEQg | Yy
DBS 6.3257 |1.9278 5.4095 -1.4056 |1.8194
DEP 5.2300 | 1.6518 5.1908 -2.2845 |1.8513
TBS 1.1821 |0.6325 5.3537 -5.2584 |0.4793
TEP 42832 |1.4134| 5.1084 -3.5195 | 1.5275
TES 7.0121 [2.1006| 5.1252 -1.7060 |2.1738
TMP 9.3584 |2.6915| 4.7398 -2.5899 |2.4772
TMS 11.868 |3.3236| 4.7446 0.0947 |3.4668
TPS 0.4109 [0.4382| 5.4053 -5.0309 |0.4793
TFP 0.0010 |0.3350| 5.6086 -3.9080 |0.5632
TPrS 2.9605 |1.0803 5.2630 -4.9172 |0.7548

Statisticile asociate modelului mono- si bi-variat, exprimate prin coeficientul de corelatie (r),
coeficientul de determinare (rz), coeficientului de determinare ajustat (rzadj), eroarea standard a
modelului (Sest), parametrul Fisher (F.y), probabilitatea unui model de regresie gresit

exprimatd procentual (pest(%)), coeficientul de validare incrucisata (rzcv(loo)), parametru Fisher
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(Fprea) 1 probabilitatea unui model gresit de validare Incrucisatd (ppra(%)), eroarea standard a
analizei de validare incrucisatd (si,) §1 diferenta dintre coeficientul de determinare si

coeficientul de validare incrucisata (r2 - rzcv(loo)) sunt 1n tabelul IV.

Tabelul IV. Statistici asociate modelelor SAR

Caracteristica Model SAR
Mono-variat | Bi-variat
r 0.9830 | 0.9991
r 0.9664 | 0.9983
I adi 0.9622| 0.9978
Sest 0.1945| 0.0473
Fest 230 2008
Pest(%0) 3.54:10° [ 2.20-107
I'2(:v(100) 0.9466 0.9965
Fpred 141 989
Ppred(%) 2.29-10%]2.61-107
Sloo 0.2454 | 0.0673
I - I cy(loo) 0.0198| 0.0018

Reprezentarea grafica a dependentei dintre toxicitatea compusilor metal alchil si structura

acestora exprimata prin modelul bi-variat este 1n figura 1.
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Compusi metal alchil: toxicitatea masurata vs estimata din structura

ToxM: log(LCs0)

O T T T
0 1 2 3 4
ToxE: 11.210 - 1.639-IHDmWMt + 0.372-LAMrEQg

Figura 1. Toxicitatea masurata (ToxM) vs estimata (ToxE) cu modelul bi-variat

Rezultatele compararii dintre modelelor SAR obtinute prin integrarea informatiilor complexe
ale structurii compusilor metal alchil, respectiv intre modelul mono-variat si cel bi-variat sunt
in tabelul V. In tabelul V, s-a notat cu r(log(LCsy), Y)i) coeficientul de corelatie dintre
toxicitatea masuratd (log(LCsg)) si cea estimati cu modelul bi-variat (Yy.,), cu r(log(LCsy),
f’mono_v) coeficientul de corelatie intre toxicitatea masurata si cea estimata cu modelul mono-
variat (Ymono_v), cu r( Yoion f’mono_v) coeficientul de corelatie intre toxicitatea estimatd cu
modelul bi-variat si cea estimatd cu modelul mono-variat, cu Z parametrul punctual rezultat
din aplicarea testului Steiger si cu pz probabilitatea de coincidenta a coeficientilor de corelatie

obtinuti de cele doua modele.

Tabelul V. Rezultate ale compararii modelului bi-variat cu modelul mono-variat
Testul Steiger
Caracteristica | Valoare
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r(log(LCso), Ysi) 0.9991
r(log(LCso), YAvmono—v) 0.9830
r(Ybi-Vy Ymono-v) 0.9821
4 3.9038
pz (probabilitatea de coincidents, %) | 4.74-107

Discutii

Toxicitatea compusilor metal alchil a fost modelata pe baza informatiilor complexe oferite de
structura acestora. Rezultatele studiului aratd ca existd o relatie intre toxicitatea compusilor
metal alchil si structura acestora. Trei descriptori moleculari s-au dovedit utili in estimarea si
prezicerea toxicitatii compusilor metal alchil, doi dintre acestia (iIFDmdCg, LAMrEQg)
considerand geometria moleculei si unul (IHDmWMTt) topologia acesteia. In ceea ce priveste
proprietatea atomicd, descriptorul modelului mono-variat considerd cardinalitatea
(iIFDmdCg), in timp ce descriptorii modelului bi-variat considerd masa atomica relativa
(IHDmWMLt) si sarcina atomicd partiald (LAMrEQg). Modelul mono-variat considerd ca
descriptor de interactiune inversul distantei iar modelul bi-variat lucrul proprietatii
(IHDmWMLt) si campul acesteia (LAMrEQg). Ambele modele sunt semnificative statistic,
avand o probabilitate de model gresit mai micd de 3.54-107 %.

Valoarea coeficientului de corelatie al modelului mono-variat (r = 0.9830, tabelul II) sustine
existenta corelatiei dintre descriptorul iIFDmdCg si toxicitatea compusilor metal alchil.
Aproape noudzeci si sapte la sutd din variatia toxicitatii poate fi explicata prin relatia lineara
dintre aceasta si descriptorul iFDmdCg. Modelul SAR mono-variat este un model stabil (1* -
rzcv(loo) = 0.0198, tabelul IV), capabil sa prezica toxicitatea compusilor (rzcv(loo) = 0.9466,
tabelul IV) cu o probabilitate de a gresi egald cu 2.29-10* % (tabelul IV). Privind modelul
mono-variat in ansamblu putem spune cd, toxicitatea compusilor metal alchil este de naturd
geometricd, depinde de cardinalitatea compusilor si de inversul distantei metrice.

Modelul bi-variat prezinta un coeficient de corelatie multipla foarte aproape de valoarea 1 (r =
0.9991, tabelul IV), corelatia dintre descriptorii modelului si toxicitatea compusilor fiind
puternicd. Valoarea coeficientului de determinare a modelului bi-variat ne aratd ca, aproape
sutd la sutd din variatia toxicitatii compusilor metal alchil poate fi atribuita relatiei lineare cu
descriptorii moleculari IHDmWMt si LAMrEQg. Valoarea coeficientului de validare
incrucisata (rzcv(loo) = 0.9965, tabelul 1V), a probabilitatii unui model de validare incrucisatd
gresit (Ppred = 2.61:107 %, tabelul IV) si a diferentei dintre coeficientul de determinare si

coeficientul de validare incrucisata (r2 - rzcv(loo) = 0.0018, tabelul IV) sustin validitatea
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modelului bi-variat si abilitatea acestuia in prezicerea toxicititii compusilor metal alchil.
Rezultatele analizei de regresia a modelului (valorile intervalului de incredere asociat
coeficientilor modelului, eroarea standard, valoarea parametrului Student si probabilitatea de
a gresi asociatd testului Student — tabelul II) vin sa sustind validitatea acestuia. Daca ne uitam
la valorile coeficientilor de corelatia dintre toxicitatea compusilor metal alchil cu fiecare
descriptor molecular in parte, putem observa ca, ambele corelatii sunt semnificative (r > 0.8,
tabelul II). Dar, valoare coeficientului de corelatie al modelului bi-variat este mai mare 1n
comparatie cu valoarea coeficientilor de corelatie individuali, ceea ce vine sd sustind
superioritatea modelului bi-variat care ia in considerare descriptorii IHDmWMt si LAMrEQg
in comparatie cu posibile modele mono-variate care iau in considerare descriptorul
IHDmWMLt sau descriptorul LAMrEQg. Din punct de vedere al modelului bi-variat, putem
spune ca toxicitatea compusilor metal alchil este deopotrivd de naturd geometricd si
topologicd, depinde de masa relativa, sarcina partiala, lucrul si cAmpul proprietatii.

Atat modelul mono-variat cat si cel bi-variat sunt capabile sa estimeze si sa prezica toxicitatea
compusilor metal alchil. Pentru a vedea insd dacd existd o diferentd semnificativa intre
valorile coeficientilor de corelatie obtinuti cu cele doud modele, s-a aplicat testul Steiger.
Valoarea coeficientului de corelatie obtinut de modelul bi-variat este semnificativ mai mare in
comparatie cu valoarea obtinuta de modelul mono-variat (pz = 4.74- 107 %, tabelul V). Astfel,
dacd dorim o predictie a toxicitdtii cat mai apropiatd de valoarea realda, vom folosi modelul bi-
variat.

In lucrarea [Ade & all, 1996] au fost construite modele distincte pentru fiecare metal. Prin
modelul obtinut (modelul bi-variat, tabelul II) se aratd ca modelul structura-activitate este
independent de metal — si astfel se integreaza informatia structurald complexa intr-o ecuatie
capabild de predictii independente de ligand si de metal.

Modelele de predictie a toxicitatii compusilor metal alchil isi gasesc utilitatea in prezicerea
toxicitatii a compusilor noi, pe baza structurii acestora. Pentru obtinerea toxicitatii unui nou
compus, este necesar in primul rand sa desenam, folosind programul HyperChem, structura
tridimensionald a acestuia. Odata ce avem structura compusului metal alchil ca fisier *.hin,
folosind facilitatile programului MDF SAR Predictor [MDF SAR Predictor, 2005], prin
alegerea setului corespunzator compusilor metal alchil (setul 52730) si al modelului SAR
(mono-variat sau bi-variat) putem prezice toxicitatea compusului de interes. Se deschide astfel

calea spre obtinerea de informatii utile in ceea ce priveste toxicitatea noilor compusi metal
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alchil, informatii obtinute strict pe baza structurii compusilor, fard experimente directe,

asistata de calculator, modalitatea mai ieftind $i mai putin consumatoare de timp.

Concluzii

Toxicitatea compusgilor metal alchil poate fi modelatd plecand de la structura acestora.
Toxicitatea obtinutd cu cel mai performant model (modelul bi-variat) este deopotriva de
naturd topologica si geometricd, depinde de masa relativa si sarcina partiald, fiind in relatie
directa cu lucrul proprietatii si cdmpul acesteia.

Aplicarea metodologiei SAR permite obtinerea de modele exacte care deschid calea spre

prezicerea toxicitdtii a noi compusi plecand de la structura acestora.
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Pearson versus Spearman, Kendall's Tau Correlation Analysis on

Structure-Activity Relationships of Biologic Active Compounds

Abstract
A sample of sixty-seven pyrimidine derivatives with inhibitory activity on E.
coli dihydrofolate reductase (DHFR) was studied by the use of molecular
descriptors family on structure-activity relationships. Starting from the results
obtained by applying of MDF-SAR methodology on pyrimidine derivatives
and from the assumption that the measured activity (compounds’ inhibitory
activity) of a biologically active compounds is a semi-quantitative outcome
(can be related with the type of equipment used, the researchers, the chemical
used, etc.), the abilities of Pearson, Spearman, Kendall’s, and Gamma
correlation coefficients in analysis of estimated toxicity were studied and are
presented.

Keywords
Multiple linear regressions, Correlation coefficients, Molecular Descriptors

Family on Structure-Activity Relationships (MDF-SAR)

Introduction

QSAR (Quantitative Structure-Activity Relationships) is an approach which is able to
indicate for a given compound or a class of compounds which feature of structure
characteristics is correlated with its activity [']. In QSAR analysis were proposed several
approaches for development. Simple and multiple linear regressions is one of the more

successful techniques use by many researcher in construct of QSAR models [*-*].

[1] Rogers D., Hopfinger A. J., Application of Genetic Function Approximation to
Quantitative  Structure-Activity  Relationships and  Quantitative  Structure-Property
Relationships, J. Chem. Inf. Comput. Sci. 34, 1994, p. 854-866.

[2] Hansch C., Leo A., Stephen R., Eds. Heller, Exploring QSAR, Fundamentals and
Applications in Chemistry and Biology, ACS professional Reference Book., American
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Correlation coefficient is a simple statistical measure of relationship between one
dependent and one or more than one independent variables and it is use as a measure of the
statistical fit of a regression based model in QSAR [°]. Its squared value (the coefficient of
determination) it is most frequently used parameter as a measure of the goodness-of-fit of the

model [*-'].

Chemical Society, Washington, D.C., 1995.

[3] Zahouily M., Lazar M., Elmakssoudi A., Rakik J., Elaychi S., Rayadh A., OSAR for anti-
malarial activity of 2-aziridinyl and 2,3-bis(aziridinyl)-1,4-naphthoquinonyl sulfonate and
acylate derivatives, ] Mol Model 12(4), 2006, p. 398-405.

[4] Liang G.-Z., Mei H., Zhou P., Zhou Y., Li Z.-L., Study on quantitative structure-activity
relationship by 3D holographic vector of atomic interaction field, Acta Phys-Chim Sin 22(3),
2006, p. 388-390.

[5] Rosner B., Fundamentals of Biostatistics, 4th Edition, Duxbury Press, Belmont,
California, USA, 1995.

[6] Katritzky A. R., Kuanar M., Slavov S., Dobchev D.A., Fara D. C., Karelson M., Acree Jr.
W. E., Solov'ev V. P., Varnek A., Correlation of blood-brain penetration using structural
descriptors, Bioorg Med Chem, 14(14), 2006, p. 4888-4917.

[7] Wang Y., Zhao C., Ma W., Liu H., Wang T., Jiang G., Quantitative structure-activity
relationship for prediction of the toxicity of polybrominated diphenyl ether (PBDE)
congeners, Chemosphere 64(4), 2006, p. 515-524.

[8] Roy D. R., Parthasarathi R., Subramanian V., Chattaraj P. K., An electrophilicity based
analysis of toxicity of aromatic compounds towards Tetrahymena pyriformis, QSAR Comb
Sci 25(2), 2006, p 114-122.

[9] Srivastava H. K., Pasha F. A., Singh P. P., Atomic sofiness-based QSAR study of
testosterone, Int J Quantum Chem 103(3), 2005, p. 237-245.

[10] Xue C. X., Zhang R. S., Liu H. X., Yao X. J.,, Hu M. C., Hu Z. D., Fan B. T., OSAR
models for the prediction of binding affinities to human serum albumin using the heuristic

method and a support vector machine, J] Chem Inf Comput Sci 44(5), 2004, p. 1693-1700.
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A new approach of molecular descriptors family on structure-activity relationships
(MDF-SAR) was developed [''], and proved its usefulness in estimation and prediction of:
toxycity % ", mutagenicity [12], antioxidant efficacy ['*], antituberculotic activity ['1,
antimalarial activity ['®], antiallergic activity [''], anti-HIV-1 potencies ['*], inhibition activity

on carbonic anhydrase I ["°] and IV [*].

[11] Jantschi L., Molecular Descriptors Family on Structure Activity Relationships 1. Review
of the Methodology, Leonardo Electronic Journal of Practices and Technologies 6, 2005, p.
76-98.

[12] Jéantschi L., Bolboaca S., Molecular Descriptors Family on QSAR Modeling of
Quinoline-based Compounds Biological Activities, The 10th Electronic Computational
Chemistry Conference 2005; http://bluehawk.monmouth.edu/~rtopper/eccc10 absbook.pdf as
on 13 May 2006.

[13] Bobloaca S.D., Jantschi L., Modeling of Structure-Toxicity Relationship of Alkyl Metal
Compounds by Integration of Complex Structural Information, Terapeutics, Pharmacology
and Clinical Toxicology X(1), 2006, p. 110-114.

[14] Bolboaca S., Filip C., Tigan $., Jantschi L., Antioxidant Efficacy of 3-Indolyl Derivates
by Complex Information Integration, Clujul Medical LXXIX(2), 2006, p. 204-209.

[15] Bolboaca S., Jantschi L., Molecular Descriptors Family on Structure Activity
Relationships 3. Antituberculotic Activity of some Polyhydroxyxanthones, Leonardo Journal of
Sciences 7, 2005, p. 58-64.

[16] Jéntschi L., Bolboaca S., Molecular Descriptors Family on Structure Activity
Relationships 5. Antimalarial Activity of 2,4-Diamino-6-Quinazoline Sulfonamide Derivates,
Leonardo Journal of Sciences 8, 2006, p. 77-88.

[17] Jantschi L., Bolboaca S., Antiallergic Activity of Substituted Benzamides:
Characterization, Estimation and Prediction, Clujul Medical LXXIX, 2006, In press.

[18] Bolboaca S., Tigan S., Jantschi L., Molecular Descriptors Family on Structure-Activity
Relationships on anti-HIV-1 Potencies of HEPTA and TIBO Derivatives, In: Reichert A.,
Mihalas G., Stoicu-Tivadar L., Schulz §., Engelbrech R. (Eds.), Proceedings of the European
Federation for Medical Informatics Special Topic Conference, p. 222-226, 2006.

[19] Jantschi L., Unguresan M. L., Bolboaca S.D., Integration of Complex Structural
Information in Modeling of Inhibition Activity on Carbonic Anhydrase Il of Substituted
Disulfonamides, Applied Medical Informatics 17(3,4), 2005, p. 12-21.

22/73



ET108/2006 — Et. Unicda/2006 — Lucrare in extenso

Several correlation coefficients based on different statistical hypothesis are known and
most frequently used today: Pearson correlation coefficient, Spearman rank correlation
coefficient and Spearman semi-quantitative correlation coefficient, Kendall tau-a, -b and -c
correlation coefficients, Gamma correlation coefficient [5].

Starting from the results obtained by applying of MDF-SAR methodology on a sample
of sixty-seven compounds and from the assumption that the measured activity (compounds’
inhibitory activity) of a biologically active compounds is a semi-quantitative outcome (can be
related with the type of equipment used, the researchers, the chemical used), the abilities of
Pearson, Spearman, Kendall’s, and Gamma correlation coefficients in analysis of estimated

toxicity were studied.

Multi-varied MDF-SAR model of pyrimidine derivatives

A sample of sixty-seven pyrimidine derivatives with inhibitory activity on E. coli
dihydrofolate reductase (DHFR) was studied by the use of MDF-SAR methodology.

The set of pyrimidine derivatives (2,4-Diamino-5-(substituted-benzyl)-pyrimidine
derivatives) with inhibitory activity on E. coli dihydrofolate reductase (DHFR) was
previously studied by Ting-Lan Chiu & Sung-Sau So by the use of neural network approach
1.

By applying the MDF-SAR methodology on the sample of sixty-seven pyrimidine
derivatives, a multi-varied model with four descriptors reveled to has good performances in
prediction and estimation of inhibitory activity.

The multi-varied MDF-SAR model with four descriptors had the following equation:

Yest = 3.78 + 1.62-ilmrKHt + 2.37-liMDWHg + 6.40-IsDrJOt - 8.52:10>-LSPmEQg

Analyzing the MDF-SAR model with four descriptors it could be say that inhibitory

activity consider compounds geometry (g) and topology (#), being related with the number of

[20] Jantschi L., Bolboaca S., Modelling the Inhibitory Activity on Carbonic Anhydrase IV of
Substituted Thiadiazole- and Thiadiazoline- Disulfonamides: Integration of Structure
Information, Electronic Journal of Biomedicine, 2006, In press.

[21] Chiu T.L., So S. S., Development of neural network QSPR models for Hansch substituent

constants. 2. Applications in OSAR studies of HIV-1 reverse transcriptase and dihydrofolate
reductase inhibitors, J] Chem Inf Comput Sci 44(1), 2004, p. 154-160.

23/73



ET108/2006 — Et. Unicda/2006 — Lucrare in extenso

directly bonded hydrogen’s (H) of compounds and with the partial charge (Q) as atomic
properties.

Statistical characteristics of the MDF-SAR model with four descriptors are in table 1
and 2.

Table 1. Statistical characteristics of the multi-varied MDF-SAR model with four descriptors

Characteristic (notation) Value
Number of variable (v) 4
Correlation coefficient (r) 0.9517
95% Confidence Intervals for r (95% CI,) [0.9223, 0.9701]
Squared correlation coefficient (1) 0.9058
Adjusted squared correlation coefficient (1°,q) 0.8997
Standard error of estimated (Scs) 0.1919
Fisher parameter (F.) 149"
Cross-validation leave-one-out (100) score (rzcv_loo) 0.8932
Fisher parameter for loo analysis (Fpreq) 130"
Standard error for leave-one-out analysis (Sj,0) 0.2044
Model stability (r - Pey(loo) 0.0126
r*(ilmrKHt, liMDWHg) 0.2020
r*(ilmrKHt, IsDrJO1) 0.0047
r*(ilmrKHt, LSPmEQg) 0.1482
r*(liMDWHg, IsDrJO1) 0.0003
r*(iMDWHg, LSPmEQg) 0.0212
r*(IsDrJQOt, LSPmEQg) 0.0664

"p <0.001

Table 2. Statistics of the regression MDF-SAR model with four descriptors
StdError | t Stat | 95%Cloefficient | T(Ym,desc)
Intercept 0.1999 | 18.92° [3.38, 4.18] n.a.
ilmrKHt 0.0709 | 22.85" [1.48,1.76] 0.4803
liMDWHg | 0.1500 | 15.81° [2.07, 2.67] 0.0558
IsDrJQt 1.4779| 4.33 [3.45, 9.36] 0.0336
LSPmEQg | 0.0182] -4.68" | [-0.12,-0.12] 0.0231

StdError = standard error; t Stat = Student tets parameter;
95% Cleoetricient = 95% confidence interval associated with regression coefficients;
Y, = measured inhibitory activity; desc = molecular descriptor; p < 0.001

Graphical representation of the measured versus estimated by MDF-SAR model with

four descriptors inhibitory activity is in figure 1.
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Measured inhibitory activity

8.5

7.0

7.5

8.0

Estimated inhibitory activity by MDF-SAR model

8.5

Figure 1. Plot of measured vs estimated by MDF-SAR inhibitory activity

Internal validation of the four-varied MDF SAR model with four descriptors was

performed through splitting the whole set into training and test sets by applying of a

randomization algorithm.

The coefficients for each model obtained in training sets, in conformity with the

generic equation Yy = a9 + ay-ilmrKHt + ay: liMDWHg + a3 IsDrJQOt - a4-10'2-LSPmEQg, the

number of compounds in training (Ny) and test (Ni) sets, the correlation coefficient for

training (ry) and test (rys) sets with associated 95% confidence intervals (95%CI,, and

95%Clys), the Fisher parameter associated with training (Fy) and test (F) sets, and the

Fisher’s Z parameter of correlation coefficients comparison (Zrtr-rts) are in table 3.

Table 3. Statistics results on training versus test sets

a |a; |ap |az |ay Ny | T 95%Cl,, Fi  [Ng|1 95%Cl Fi | Zrtr-rts
3.93]1.61[2.43]6.56/-9.67-107| 35]0.949[[0.899, 0.974]| 67 | 32]/0.958[0.916, 0.980]]59" | 0.418"
3.98/1.57[2.45]6.55]-7.52:107] 36]0.951][0.905, 0.975]| 737]31]0.951][0.899, 0.976]1]61 | 0.000
3.84/1.55[2.15]9.08]-9.12:107] 37]0.944[[0.893, 0.908]| 66 | 30]0.949[0.895, 0.976]1]55 | 0.206
3.94/1.59(2.42]6.10]-8.18:107| 38]0.951[[0.907, 0.974]| 78" | 29]0.947][0.890, 0.9751]50" | 0.144"
3.91]1.56]2.25(8.22-1.04-107] 39]0.963[[0.931, 0.9817] 110" | 28]0.937[0.867, 0.971]]39" | 1.069
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4.18|1.51]2.4416.06|-7.22:10%] 40]0.956][0.917, 0.975]| 92"|27/0.936|[0.863, 0.971]|35"| 0.721"
3.76]1.63]2.32]7.35]-1.02:107] 41]0.963[[0.931, 0.9801| 116" | 26]0.935|[0.858, 0.971][34 | 1.104
3.97]1.58]2.39]5.11]-9.36:107| 420.956][0.919, 0.976]] 997| 25]0.954[[0.896, 0.980][34 | 0.115°
3.64/1.64[2.30]7.00]-8.15-107| 43]0.955[[0.917, 0.975]| 98" | 24]0.944[0.873, 0.9761|37 | 0.407"
3.72]1.66]2.43]5.78|-8.12:107 | 44]0.938[[0.889, 0.966]| 72" ] 23]0.964|[0.916, 0.985]]54" | 1.030
3.59]1.64]2.25(4.94]-9.98-107| 45]0.947[[0.904, 0.970]| 86 | 22]/0.957][0.898, 0.982]]37 | 0.411
3.86]1.55]2.238.68]-8.86:107| 46]0.940[[0.894 0.967] | 78" | 21]0.983[0.958, 0.993]]43"| 2.290"
4.04]1.54]2.36]6.46]-7.31-107] 47[0.949][0.911, 0.972]] 96 | 20]0.963[[0.906, 0.985]|34" | 0.538"
3.63]1.63]2.24[4.27]-8.93-107| 48]0.940[[0.895, 0.966]| 82| 19]0.963[[0.904, 0.986]]44 | 0.852
3.98]1.57]2.42]6.49]-8.59-107] 49]0.946[[0.905, 0.969]| 93" | 18]0.960[0.894, 0.985]]36" | 0.535
3.77]1.61]2.32]6.37]-8.46:107| 50]0.943[[0.902, 0.968]| 91" | 17]/0.974][0.927, 0.991]]52" | 1.294
3.67/1.63[2.22]6.56]-1.01-10" | 51]0.954][0.919, 0.973]] 115" | 16]0.950|[0.858, 0.983]]17 | 0.126"
3.81]1.61]2.39]6.87]-7.70-107| 520.951][0.916, 0.972]] 112" 15]0.950[[0.853, 0.984][22"] 0.0327
3.69]1.65]2.36/6.32]-8.21-107 53]0.953[[0.919, 0.972]| 1187 | 14]0.956|[0.864, 0.986]]17" | 0.128"
3.97]1.56]2.40]6.16]-7.51-107| 54]0.951[[0.916, 0.9717] 115" | 13]0.954|[0.851, 0.987]]17" | 0.122

Tp>0.05 p<0.01

Definitions, Formulas, Interpretations, PHP functions, and Results

A number of add notations were used in the study, as follows:

e Pearson product-moment correlation coefficient (named after Karl Pearson (1857 - 1936),

a major contributor to the early development of statistics):

O rps = the Pearson correlation coefficient;

o rprs2 = the squared Pearson correlation coefficient;

O tprsar = the Student test parameter, and its significance pprsgdr at a significance level of
5% (where df = the degree of freedom);

Spearman’s rank correlation coefficient (named after Charles Spearman (1863 - 1945),

English psychologist known for his work in statistics - factor analysis, and Spearman's

rank correlation coefficient):

O rspm = the Spearman rank correlation coefficient

(o] rspm2 = the squared of Spearman rank correlation coefficient;

O tprsdr = the Student test parameter, and its significance pspm,df;

(o] rSQ2 = the squared of Spearman semi-Qantitative correlation coefficient;

0 tso = the Student test parameter, and its significance psq;

Kendall’s tau correlation coefficients (named after Maurice George Kendall (1907 - 1983),

a prominent British statistician; published in monograph Rank Correlation in 1948);

O Tkena = the Kendall tau-a correlation coefficient;

o ’CKen,az = the squared of Kendall tau-a correlation coefficient;
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O Zkena = the Z-test parameter of Kendall tau-a correlation coefficient, and its
significance pen ra;

Tkenp = the Kendall tau-b correlation coefficient;

Tkeny” = the squared of Kendall tau-b correlation coefficient;

Zkensb = the Z-test parameter of Kendall tau-b, and its significance pxen tb;

rKen,Cz = the Kendall tau-c correlation coefficient;

©O O O O o

rKen,Cz = the squared of Kendall tau-c correlation coefficient;

O Zkens = the Z-test parameter of Kendall tau-c, and its significance pxen wc;
e Gamma correlation coefficient (also known as Goodman and Kruskal's gamma):

0 I'=the Gamma correlation coefficient;

0 I'?=the squared of Gamma correlation coefficient;

0 Zr = the Z-test parameter of Gamma correlation coefficient, and its significance pr.

A series of *php programs which to facilitate the calculation and to display of above-

described correlation coefficients and their statistics (Student-test and Z-test parameters and
associated significances) were implemented and was use in order to reach the objective of

study [*].

Pearson correlation coefficient

Definition: a measure the strength and direction of the linear relationship between two
variables, describing the direction and degree to which one variable is linearly related to

another.

Assumptions: both variable (variables Y, and Y.y) are interval or ratio variables and

are well approximated by a normal distribution, and their joint distribution is bivariate normal

[23].

[22] ***Rank, ©2005, Virtual Library of Free Software, available at:

http://vl.academicdirect.org/molecular_topology/mdf findings/rank/

[23] ***Pearson's Correlation Coefficient [online], Available at:

http://www.texasoft.com/winkpear.html
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Formula
z (Ym—i - §m )(Yest—i - ?est )
rPrs = — —
\/(Z(Ym_i ~Ym )2 )(Z(Yest—i — Yest )2 )
where Y. is the value of the measured inhibitory activity for compound i (i =1, 2, ..., 67)

Y. is the average of the measured inhibitory activity, Yes.i is the value of the estimated

inhibitory activity for compound i, and Yo is the average of the estimated inhibitory activity.

Interpretation

The Pearson correlation coefficient can take values from -1 to +1. A value of +1 show
that the variables are perfectly linear related by an increasing relationship, a value of -1 show
that the variables are perfectly linear related by an decreasing relationship, and a value of 0
show that the variables are not linear related by each other. There is considered a strong
correlation if the correlation coefficient is greater than 0.8 and a weak correlation if the
correlation coefficient is less than 0.5.

The coefficient of determination (or r squared) gives information about the proportion
of variation in the dependent variable which might be considered as being associated with the

variation in the independent variable.

Related statistics
e The squared of Pearson correlation coefficient or Pearson coefficient of determination
(rPrsz);
0 Describe the proportion of variance in Y, that is related with linear variation of Yeg;

0 Can take values from 0 to 1.

Statistical test
Student t-test was used to determine if the value of Pearson correlation coefficient is
statistically significant, at a significance level of 5%.
The null hypothesis vs. the alternative hypothesis was:
Ho: 1prs = 0 (there is no correlation between the variables)

Hi: rps <> 0 (variables are correlated)
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For a significance level equal with 5%, a p-value associated to tpsgr less than 0.05
means that there is evidence to reject the null hypothesis in favor of the alternative hypothesis.

In other words there is a statistically significant linear relationship between the variables.

PHP implementation
In order to compute the statistics associated with Pearson correlation coefficient, three
functions were implemented:

function coef rk(&$yl,&$y2){
Smyl=ml(8yl);
$dy2=m2($y1,8y1)-$myl*$myl;
Smx1=ml(8y2);
Smxy=m2(8y2,8v1);
Sm2x=38mx1*$mx1;
Smx2=m2(8y2,8y2);
Sdx2=8mx2-$m2x;
Sr2=pow(Smxy-$Smx1*8myl,2)/(8dx2*$dy2);
return $r2;

/
function t_p($n,8k,$r){
return $r*pow(8$n-8k-1,0.5)/pow(1-pow($r,2),0.5);
/
function p_t(3t,3df){
Sp = 8df/2;
$x = 0.5+0.5*8t/pow(pow(8t,2)+3df,0.5),
$beta_gam = exp( -logBeta($p, $p) + $p * log(8x) + $p * log(1.0 - $x) );
return (2.0 * 8beta_gam * betaFraction(1.0 - $x, 3p, 8p) / 3p);
/

The statistics of Pearson correlation coefficients are computed as follows:
e Pearson correlation coefficient:

$r_pe = coef rk(8cmp[0],$cmp[1]);
where $cmp/[0] is the measured inhibitory activity (Y), and Scmp/1] is the estimated by
MDF-SAR model with four descriptor inhibitory activity (Yes).
¢ t Student parameter:

$t pe =t p($n,1,pow($r pe,0.5));
¢ Significance of t Student parameter

$p_pe =p t($t pe $n-2);

Results

tps = 0.9058
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tPrS,l = 24.99 (1)
Prrs.1 = 4.74:107% %

Spearman’s rank correlation coefficient

Definition

A non-parametric measure of correlation between variable which assess how well an
arbitrary monotonic function could describe the relationship between two variables, without
making any assumptions about the frequency distribution of the variables. Frequently the
Greek letter p (tho) is use to abbreviate the Spearman correlation coefficient.

Spearman’s rank correlation is satisfactory for testing the null hypothesis of no

relationship, but is difficult to interpret as a measure of the strength of the relationship [**].

Assumptions
e Does not required any assumptions about the frequency distribution of the variables;
¢ Does not required the assumption that the relationship between variable is linear;

¢ Does not required the variable to be measured on interval or ration scale.

Formula

In order to compute the Spearman rank correlation coefficient, the two variables (Y,
respectively Y.i) were converted to ranks (see table 4 for exemplification). For each
measured and estimated inhibitory activity a rank was assigned (RankY, - for measure
inhibitory activity, RankY.: - for estimated by MDF-SAR model inhibitory activity)
according with the position of value into a sort serried of values.

In assignment of rank process, the lowest value had the lowest rank. When there are
two equal values for two different compounds (for measured and/or estimated inhibitory
activity), the associated rank had equal values and was calculated as means of corresponding
ranks. For example, the compounds abbreviated as ¢ 52 and c_59 have the same measured
inhibitory activity (6.45, see table 4). The rank associated with these values is equal with 13.5
(is the average between the rank for ¢ 52 - 13 and the rank of ¢ 59 - 14).

[24] Methods based on rank order. In: Bland M., An Introduction to Medical Statistics,
Oxford University Press; Oxford, New York, Tokyo, p. 205-225, 1995.
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Table 4. Compounds abbreviation, measured and estimated activity and associated ranks

Abb.|Y, |RankYq, Y st RankY.| |Abb.|Y,, |RankY,, Y st Ranky o
c 64]6.07 1| 0/6.4626 13| |c 32]6.92 35| 0]6.8423 32
c 65]6.10 21 0/6.2948 5| |c 66]6.93 36.5 5 6.8225 30
c 67(6.18 31 0]6.1479 1| |c 36/6.93 36.5 6.9609 38
c 5416.20 41 0/6.1595 2| |c 40(6.96 38| 0]6.7150 24
c 3716.23 51 0]6.3859 10| [c 17]6.97 39| 0]6.9298 36
c 48(6.25 6| 0]6.2254 3| |c 45/6.99 401 0]7.0283 41
c 31(6.28 71 0]6.3483 8| [c 41]7.02 41 0(7.1919 45
c 4916.30 8| 0]6.3528 9| |c 15|7.04 42| 0/7.0225 40
c 10]6.31 9] 0]/6.4703 14| |c 28|7.16 43| 0/6.8355 31
c 56/6.35 10| 0]6.3149 6| |c 09]7.20 44| 0/7.3115 48
c 47]6.39 11| 0]6.3866 11| |c 18]7.22 45| 0|7.2156 46
c 53(6.40 12| 0]6.8614 34| [c 43]7.23 46| 0|6.8855 35
c 52(6.45 13.5 1 6.2913 4] |c 29(7.35 47| 0|7.2724 47
c 5916.45 13.5 6.4336 12| (c 14|7.41 48| 0|7.4072 49
c 16/6.46 15| 0]6.5851 20| |c 24|7.53 49| 0|7.5476 51
c 341647 16| 0]6.3422 7| |c 22|7.54 50| 0]7.1218 44
c 58(6.48 17| 0]6.5536 17| [c 26|7.66 51.5 6 7.7002 57
c 35/6.53 18| 0]6.9755 39| [c 08]7.66 51.5 7.8841 61
c 4216.55 19| 0]6.7654 27| |c 27|7.69 54 7.4715 50
c 30/6.57 20.5 5 6.5625 18| |c 13]7.69 54| 7|7.5489 52
c 61(6.57 20.5 6.7594 26| [c 12(7.69 54 7.5793 53
c 33]6.59 22| 0]6.8010 29| |c 04]7.71 56.5 p 7.5841 54
c 51]6.60 23| 0]7.0616 421 |c 11]7.71 56.5 7.6497 55
¢ 39/6.65 24| 0]6.4993 16| (¢ 19]7.72 58| 0]7.7915 59
c 38]6.70 25| 0]6.6297 211 |c 23|7.77 59| 0]7.7014 58
c 5716.78 26| 0]6.7552 25| |c 25(7.80 60| 0]7.9130 62
c 60]6.82 28 6.7091 23| |c 01]7.82 61| 0]7.6576 56
c 4416.82 28| 316.7847 28| |c 21]7.94 62| 0]7.8130 60
c 55(6.82 28 6.9318 37| [c 06]8.07 63| 0]8.2391 66
c 20]6.84 30| 0]7.1067 43| |c 03]8.08 64| 0]8.1224 64
c 46|6.86 31| 0]6.5813 19| [c 07(8.12 65| 0]8.1353 65
c 50]6.89 33 6.4794 15| |[c 05]8.18 66| 0]8.0372 63
c 62(6.89 33| 4]6.6942 22| |c 02(8.35 67| 0]8.2702 67
c 63]6.89 33 6.8475 33

The method of rank assignment for more then two equal values of measured and/or
estimated inhibitory activity is the same as for two equal values. If there are an odd number of
compounds which have the same measured value (see compounds ¢ 60, ¢ 44, and ¢_55 from
table 2) then the rank will be an integer ((27+28+29)/3 = 28, see the rank for ¢ 60, ¢ 44, and
c_55).
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In studied example, there are equal values for measured activity: five situations of two
equal values (¢ 52-¢c 59, ¢ 30-c 61, ¢ 66-c 36, c 26-¢c 08, and ¢ 04-c 11), and three
situations of three equal values (c_60-c_44-c 55,c 50-c_62-c 63,andc 27-c_13-c_12).

By conversion of the measured and estimated inhibitory activity to ranks, the
distribution of ranks does not depend on the distribution of measured, respectively estimated
inhibitory activity.

The formula for calculation of the Spearman rank correlation coefficient is:
> (Ry -Rv,)Ry -Rvy,)
\/(Z(Rmei “Ry,) )(Z(R -Rv,))

where Ryp.i is the rank of the measured inhibitory activity for compound i, ﬁy is the

rSpm -

average of the measured inhibitory activity, Ryes.i 1s the rank of the estimated by MDF-SAR
inhibitory activity for compound i, and KY“H is the average of the estimated inhibitory
activity.
The simple formula for rspm is based on the difference between each pairs of ranks:
6> D’
where D is the differences between each pair of ranks (e.g2. D = Rym.1 - Ryest-1) and n is the
volume of the sample.

The formula of the Spearman semi-quantitative method is:

= Z(Ym—i_?m)(cht_i_§est) ' Z(RY _RY )(R RY )
’ \/(Z(Ym_i_Ym )(z( est—i §eSt)z) \/(Z(RYW;_RY )(Z(R —Ry )

Interpretation

e Identical with Pearson correlation coefficient.
Related statistics

o rspm2 = the squared of Spearman rank correlation coefficient;

. rSQ2 = the squared of semi-quantitative correlation coefficient.
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Statistical significance

e Compute by the use of a permutation test (a statistical test in which the reference
distribution is obtained by permuting the observed data points across all possible
outcomes, given a set of conditions consistent with the null hypothesis);

e Comparing the observed rs,m with published tables for different levels of significance (eg.
0.05, 0.01...). It is a simple solution when the researchers want to know the significance
within a certain range or less than a certain value;

e Tested by applying the Student t-test (for sample sizes > 20): the method used in this study.

The null hypothesis vs. the alternative hypothesis for Spearman rank correlation
coefficient was:
Ho: rspm = O (there is no correlation between the ranked pairs)
Hi: rspm <> 0 (ranked pairs are correlated)
The null hypothesis vs. the alternative hypothesis for semi-quantitative correlation
coefficient was:
Ho: s = 0 (there is no correlation between the ranked pairs)

H;: ryq <> 0 (ranked pairs are correlated)

PHP implementation

The formulas for Spearman and respectively semi-quantitative correlation coefficients
used two defined above functions (¢ p and respectively p_f). The Spearman rank correlation
coefficient used the coef rk function defined as:

function coef rk(&$yl,&$y2){
Smyl=ml($yl);
Sdy2=m2(8y1,8y1)-Smyl*Smyl;
Smx1=ml(8y2);
Smxy=m2(8y2,8y1);
Sm2x=8mx1*$mx1;
Smx2=m2(8y2,8y2);
Sdx2=3mx2-$m2x;
Sr2=pow(Smxy-$mx1*8myl,2)/(8dx2*$dy2);
return $r2;

/

function m1(&3$v){
Srez=0;
$n=count($v),

for(8i=1,$i<8$n,;$i++)
Srez+=38v/[8i];

where
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return $rez/($n-1);

/
Sfunction m2(&$v, &3u){

Srez=0;

$n=count($v),

Sfor($i=1,;$i<$n;3i++)
Srez+=8v[8i] *Su[$i];
return $rez/($n-1);

/

Spearman correlation coefficient

The statistics of Spearman rank correlation coefficients are computed as follows:
e Spearman correlation coefficient:

$r_sp = coef rk($poz[0],3poz[1]);
where $poz/0] is the position on sort series of measured inhibitory activity, and $poz/1] is the
position on sort serried of estimated inhibitory activity by MDF-SAR model with four
descriptor.
e t Student parameter:

$t sp =t p(Sn,1,pow(8r sp,0.5));
e Significance of t Student parameter

Sp_sp =p t($t sp,$n-2);
Semi-quantitative correlation coefficient

The statistics of semi-quantitative correlation coefficients are computed as follows:
e Semi-quantitative correlation coefficient:
$r_sq = pow(8r_pe*$r sp,0.5);
e t Student parameter:
St sq =t p(Sn,1,pow($r sq,0.5));
e Significance of t Student parameter
Sp_sq =p t(8t sq,8n-2);
Results
rsp = 0.8606
tspm,1 = 20.03 (2)
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Pspm.1 = 1.62:107%

ro° = 0.8829

tyo=22.14 3)
pso = 5.57-107

Kendall’s rank correlation coefficients

Definition

Kendall-tau is a non-parametric correlation coefficient that can be used to assess and
test correlations between non-interval scaled ordinal variables. Frequently the Greek letter 1
(tau), is use to abbreviate the Kendall tau correlation coefficient.

The Kendall tau correlation coefficient is considered to be equivalent to the Spearman
rank correlation coefficient. While Spearman rank correlation coefficient is like the Pearson
correlation coefficient but computed from ranks, the Kendall tau correlation rather represents
a probability.

There are three Kendall’s tau correlation coefficient known as tau-a, tau-b, and tau-c.

Formula

Let (Ymi, Yesti) and (Ym, Yesj) be the pair of measured and estimated inhibitory
activity. If Yo - Ymi and Yesj- Yesti, Where 1 <j have the same sign the pair is concordant, if
have opposite signs the pair is discordant.

In a sample of n observations it can be found n(n-1)/2 pairs corresponding to choices 1
<i<j<n.

The formulas of Kendall’s tau correlation coefficients are as follows:
e Kendall tau-a correlation coefficient (Tkena):

Tkena = (C-D)/[n(n-1)/2]
e Kendall tau-b correlation coefficient (Tkenp):
TKenp = (C-D)/ \ [(n(n-1)/2-t)(n(n-1)/2-u)]

where t is the number of tied Y, values and u is the number of tied Y values.
e Kendall tau-c correlation coefficient (Tken):

Tkene = 2(C-D)/n’
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Interpretation
o I[f the agreement between the two rankings is perfect and the two rankings are the same, the
coefficient has value 1.
o If the disagreement between the two rankings is perfect and one ranking is the reverse of
the other, the coefficient has value -1.
e For all other arrangements the value lies between -1 and 1, and increasing values imply
increasing agreement between the rankings.

e [f the rankings are independent, the coefficient has value 0.

Related statistics
) rKen,az = the squared of Kendall tau-a correlation coefficient;
° rKen,bz = the squared of Kendall tau-b correlation coefficient;

° tKenf = the squared of Kendall tau-c correlation coefficient.

Statistical significance
Statistical significance of the Kendall’s tau correlation coefficient is testes by the Z-
test, at a significance level of 5%. The null hypothesis vs. the alternative hypothesis for
Kendalls tau correlation coefficients was:
e Kendall tau-a correlation coefficient:
Ho: Tkena = 0 (there is no correlation between the two variables)
Hi: tkena <> 0 (the two variables are correlated)
e Kendall tau-b correlation coefficient:
Ho: tkenp = O (there is no correlation between the two variables)
Hi: tkenp <> 0 (the two variables are correlated)
e Kendall tau-b correlation coefficient:
Ho: tkenc = 0 (there is no correlation between the two variables)

Hi: Tkene <> 0 (the two variables are correlated)

PHP implementation
Kendall function was implemented in order to calculate the Kendall’s tau correlation
coefficients:

function Kendall(&$cmp){
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$n = count($cmp[0]);

Spz = 0;

if(lis_numeric(3cmp[0][0])) $pz = 1;

$C=0;

$D = 0;

SE =0,

for($i=8pz, $i<8n-1;$i++)

for($j=8i+1,;8j<8n;$j++){
$sgx = 0;
$sgy =0;
if($cmp[0][3i]>Scmp[0][8]]) $sgx = 1;
if($cmp[0][8i]<Scmp[0][8]]) 8sgx = -1;
if(Scmp[1][8i]>Scmp[1][$]]) 3sgy = 1,
if(Scmp[1][3i]<Scmp[1][$]]) 8sgy = -1;
if($sgx*$sgy>0) $C++,
if($sgx*8sgy<0) 8D++;
if($sgx*$sgy==0) SE++;
if($sgx==0)8tied x[$i][]=3};
if(8sgy==0)8tied y[$i][]=3};
/

$tl = 0; Sul =0;
Svt =0; Svu = 0;
$v2t=0; $V2u=0;
if(isset(Stied x))
if(is_array(8tied x)){
foreach(8tied x as $vx){
$nt = count($vx)+1;
$tl += $nt*($nt-1);
Svt += Snt*($nt-1)*(2*$nt+5);
Sv2t += Snt*($nt-1)*($nt-2);
/
/
if(isset($tied y))
if(is_array(8tied y)){
foreach($tied y as $vy){
Snu = count($vy)+1;
Sul += $nu*($nu-1);
Svu += Snu*($nu-1)*(2*$nu+5);
$v2u += Snu*($nu-1)*(Snu-2);

/
/
Svl = $t1*$ul;
$tl /= 2;
Sul /=2;
$v2 = $v2t*8$v2u;
$S = $C - $D;
$n = 8n - $pz;

$Sen2 = $n*(8n-1)/2;
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Stau_a2 = pow(8S,2)/pow($cn2,2);
$v tau a = $cn2*(2*8n+5)/9;
$z tau a = $S/pow($v tau a,0.5);
8T = ($cn2-$t1)*($cn2-8ul);
Stau_b2 = pow($S,2)/8T;
SvT0 = $v_tau a - ($vt + $vu)/18;
SvT1 = $v1/(4*3cn2);
SvT2 = $v2/(18*8cn2*($n-2));
$v_tau_b = pow($vT0 + $vT1 + $vT2, 0.5);
$z tau b = $S/8v_tau b,
$gamma = pow(($C - 8D)/($C + $D),2);
$v_gamma = (2*$n+5)/9.0/$cn2;
$z_gamma = $gamma/pow(8v_gamma,(.5);
Stau_c2 = 4*pow(8S,2)/pow($n,4);
$z tau ¢ = $z_tau_b*($n-1)/3n;
return array( $tau_a2, $z tau_a, $tau b2, $z tau b,
$tau_c2, $z_tau c, $gamma, $z_gamma );

/

where C is the number of concordant pairs (C = (<, <) or (>, >)), D is the number of
discordant pairs (D = (<, >) or (>, <)), and E is the number of equal pairs (E = (=, .) or (., =)).
Results
e Kendall's t, correlation coefficient and associated statistics:
Tkena” = 0.6129
Zxenwa = 9.37 “4)
PKena = 7.44:107"
e Kendall's 1, correlation coefficient and associated statistics:
Tkenp = 0.6177
Zents = 9.37 (5)
PKen.b = 7.26:107!
e Kendall's 1. correlation coefficient and associated statistics:
Tkene = 0.5948
Zkenze = 9.23 (6)
Pkene = 2.70-107°

Gamma correlation coefficient

Definition
The Gamma correlation coefficient (I, gamma) is a measure of association between

variables that comparing with Kendall’s tau correlation coefficients is more resistant
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to tied data [*°], being preferable to Spearman rank or Kendall tau when data contain

many tied observations [*°].

Formula
The formula for Gamma correlation coefficient is:
I'=(C-D)/(C+D)

where the significance of C and D were described above.

Interpretation

e In the same manner as the Kendall tau correlation coefficient.

Related statistics

e I’ = the squared of Gamma correlation coefficient.

Statistical significance
Statistical significance of Gamma correlation coefficient was tested by the Z-test, at a
significance level of 5%. The null hypothesis vs. the alternative hypothesis for Gamma
correlation coefficients was:
Hy: I = 0 (there is no correlation between the two variables)

H;: I’ <> 0 (the two variables are correlated).

PHP implementation
The function which computes the Gamma correlation coefficient was presented at

Kendall’s tau correlation coefficient, in PHP implementation section.

Results
> =0.6208
Zr=1743 (7)
pr=111-10"

[25] Goodman L. A., Kruskal W.H., Measures of association for cross-classifications III:
Approximate sampling theory, J. Amer. Statistical Assoc. 58, 1963, p. 310-364.

[26] Siegel S., Castellan N. J., Nonparametric Statistics for the Behavioural Sciences, 2nd
Edition, McGraw-Hill, 1988.
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Conclusions

All seven computational methods used to evaluate the correlation between measured
and estimated by MDF-SAR model inhibitory activity are statistically significant (p-value
always less than 0.0001, correlation coefficients always greater than 0.5).

More research on other classes of biologic active compounds may reveal whether it is
appropriate to analyze the MDF-SAR models using the Pearson correlation coefficient or
other correlation coefficients (Spearman rank, Kendall’s tau, or Gamma correlation

coefficient).
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Antiallergic Activity of Substituted Benzamides:

Characterization, Estimation and Prediction

Abstract

Antiallergic activity of twenty-three substituted N 4-methoxyphenyl benzamides was model
by the use of an original methodology. After sketching out the compounds structure and
creating the file with the observed activities, strictly based on compounds structure, the
molecular descriptors family was generated and descriptors entered into a multiple linear
regression analysis. The multi-varied model with four descriptors proved to render higher
ability in estimation (squared correlation coefficient, r* = 0.9986) as well as in prediction
(cross-validation leave-one-out score, rzcv_loo = 0.9956) of antiallergic activity of compounds,
obtained significantly greater correlation coefficient compared with the previously reported
model (p < 0.01). Characterization of antiallergic activity of substituted N 4-methoxyphenyl
benzamides by integration of complex structure information provides a stable and efficient
multi-varied model with four descriptors. According with the multi-varied model with four
descriptors the antiallergic activity of substituted N 4-methoxyphenyl benzamides is like to be
of geometry nature, depending by the number of directly bonded hydrogen’s, and the atomic

relative mass, being in relation with the partial charge of compounds

Keywords
Molecular Descriptors Family on Structure-Activity Relationships (MDF-SAR), Substituted
N 4-methoxyphenyl benzamides, Antiallergic activity, Multiple linear regression (MLR)

Background

Benzamide derivatives, known for their anti-inflammatory and immunomodulatory [1,2], anti-
tumoral [3], antipsychotic [4], and antiallergic [5] activities, are drugs widely used in
medicine [6].

Twenty-three derivatives of N 4-methoxyphenyl benzamide were previously synthesized and
their antiallergic activity was tested using dinitrochlorobenzene by inducing delayed allergy
of rat skin in vivo [5]. The inhibitory tumor swell rate (IR) was model by the use of molecular

connectivity indices, and the following equation was obtained:
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log IR=3.002+0.8909"x,-1.3465°x,-13.8234°x, (1)
where logIR 1is inhibitory rate expressed in logarithm scale, and 4xp, 5xp, 6xcg are molecular
connectivity indices.

The statistical characteristics of previously reported model [5] are:
r=0.8865,F=23,5s=0.572,n=23 (2)
where r = correlation coefficient, F = parameter of Fisher-test, s = standard deviation, and n =
sample size.

A CoMFA analysis was also applied by Yu-xin Zhou et al. [5] and the following results were
obtained:

r=0.990, e, = 0.830 (3)
where r2CV = cross-validated correlation coefficient.

The relationship between antiallergic activities of some substituted N 4-methoxyphenyl
benzamides and the information obtained from theirs structure was study by the use of an
original MDF-SAR methodology. The aim of the research was to analyze the performances of
the MDF-SAR methodology in estimation and prediction of antiallergic activities of twenty-
three substituted N 4-methoxyphenyl benzamides.

Materials and Methods

N 4-methoxyphenyl benzamides Pharmacology

A number of twenty-three substituted N 4-methoxyphenyl benzamides were included into the
study. The generic structure of the substituted N 4-methoxyphenyl benzamides, corresponding
substituent(s) of compounds, and inhibitory activity expressed on logarithmical scale are in
table 1. In the default cases, X =Y = Z= T = H. The inhibitory rate, was calculated by Yu-xin
Zhou & all [5] based on the following formula: (V;-V;,)/V where V; is the swell value of
tumor of the reference set of rats (treated with hydrocortisone 20 mg) and V, the swell value

of tumor of the test set of rats (treated with hydrocortisone 100 mg).

Table 1. Characteristics of studied substituted N 4-methoxyphenyl benzamides and their

inhibitory activity
V4 T
i
Y C—N@OCH3
X H
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Abb. Substituent logIR
com 01 | Y=Z=0H 0.13
com 02 | X=T=0H 0.07
com 03 | T=F -0.06
com 04 | Y=CI -0.12
com 05 | Y=NO, 0.05
com 06 | Y =CH,CH; 0.03
com 07 | Y=1tBu 0.07
com 08 | Y =¢Pro 0.00
com 09 | T=0OCH,COOH -0.09
com 10 | Y =7 = CH,-mophlinyl; X=0H | -4.00
com 11 | Y =O0H;Z = CH2-mophlinyl -4.00
com 12 | X=7=NH, 0.03
com 13 | Y=0CH; 0.05
com 14 | T=0CH; 0.03
com 15| X=Y =Z=O0CH; -0.06
com 16 | T=0OCH,Ph -0.80
com 17 | T=0OCH,CHCH, -0.04
com 18 | Z=0C4Hy -0.39
com_19 Y = OC3H17 0.11
com 20 | Y =0CH,CHCH, -0.34
com 21 | T=SH -0.18
com 22 | Z=SH -0.25
com 23 | Y=SH 0.07
MDF-SAR methodology

The MDF-SAR methodology applied on substituted N 4-methoxyphenyl benzamides
consisted of the following steps [7]:

1: Sketch out 3D structure of each substituted N 4-methoxyphenyl benzamides compounds by
the use of HyperChem software [8];

2: Create of the file with measured Antiallergic Activity (logIR) of substituted N 4-
methoxyphenyl benzamides compounds;

3: Generate the molecular descriptors family (MDF) members for substituted N 4-
methoxyphenyl benzamides compounds [9,10]. All twenty-three compounds were used in
generation of the molecular descriptors family. The algorithm of generation the molecular
descriptors family was strictly based on compounds structure. The process of molecular
descriptors family generation was followed by a filtration in which there were deleted from
databases identical descriptors by imposing a significance selector equal with 10° (the
redundant information was clear away). The name of each molecular descriptor refers its
calculation mode and includes: compound geometry or topology (the 7™ letter), atomic

property (cardinality, number of directly bonded hydrogen’s, atomic relative mass, atomic
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electronegativity, group electronegativity, partial charge - the 6" letter), the atomic interaction
descriptor (the 5t letter), the overlapping interaction model (the 4™ letter), the fragmentation
criterion (the 3" letter), the molecular selector (the 2™ letter), and the linearization function
applied in molecular descriptor generation (the 1% letter).

4: Find and identify the MDF-SAR models.

5: Validation of the obtained MDF-SAR models were performed through computing the
cross-validation leave-one-out correlation score (r’cy) [11]. The cross-validation leave-one-out
correlation score was compute by exclusion one time and applying to all sample one
compound from dataset, rebuilding the MDF-SAR model and estimation of excluded
compound activity based on MDF-SAR model.

6: Analyze the selected MDF-SAR models through: squared correlation coefficients,
statistical parameters of estimation and prediction analysis, model stability analysis (the
differences between squared correlation coefficient and cross-validation leave-one-out score -
the lowest value correspond to the most stable model), and correlated correlation analysis [12]

by comparing the results of the MDF-SAR models with previously reported models.

Results
The best performing multi-varied MDF-SAR models (one with two-descriptors and one with
four descriptors) are:

e MDF-SAR model with two-descriptors: Yaq = -8.8:107-5.1-107-isDRtHg+0.13-iHMMtHg

4)
e MDF-SAR model with four-descriptors: Yaq = -0.15+9-10™*imMRkMg-0.32-imMDVQg-
5.2:10”-isDRtHg+0.14-iHMMtHg &)

where Yaq respectively Y44 are estimated log IR by the MDF-SAR model with two,
respectively with four molecular descriptors, and isDRtHg, iHMMtHg, imMRkMg, imnMDV Qg
are molecular descriptors. Statistical characteristics of the MDF-SAR models are presented in

table 2 and 3.

Table 2. Statistical characteristics of MDF-SAR models for antiallergic activity of substituted
N 4-methoxyphenyl benzamides

Characteristic (notation) Value

Number of variable (v) 2 4
Correlation coefficient (r) 0.9942 | 0.9986
Squared correlation coefficient () 0.9884 | 0.9973
Adjusted squared correlation coefficient (rzad,-) 0.9872 | 0.9967
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Standard error of estimated (S.s) 0.1300 | 0.0664
Fisher parameter (Fe) 848" | 1638°
Cross-validation leave-one-out (10o) score (rzcv_loo) 0.9864 | 0.9956
Fisher parameter for loo analysis (Fyeq) 725 | 1007
Standard error for leave-one-out analysis (Sj0) 0.1405 | 0.0847
Model stability (* - ’eyio0) 0.0019 | 0.0016

" p<0.001

The experimental values (logIR) and values predicted by MDF-SAR models with two (Yaq),
respectively with four-descriptors (Y44) and previously reported model (Ycomra) are in figure
1.

The absolute differences between estimated by models (\A(zd, Y44, and SA(COMFA) and measured
(logIR) antiallergic activities of substituted N 4-methoxyphenyl benzamides were used in

order to obtain the best estimation (figure 2).

Table 3. Regression analysis of the MDF-SAR models
| StdError | tStat | 95%Clpetpicient

MDF-SAR model with four descriptors

Intercept 0.037 | -3.985 [-0.224, -0.0693]
imMRkMg 0.000| 6.917° | [0.0006, 0.0012]
imMDVQg 0.042 | -7.628 | [-0.411, -0.2337]
isDRtHg 7-107 | -77.127 | [-5.4:10°, -5-107]
iHMMtHg 0.002 | 64.03 [0.1345, 0.1437]
MDF-SAR model with two descriptors

Intercept 0.031] -0.288"| [-0.073, 0.0552]
isDRtHg 1:10° | -40.719" | [-5.4:107, -5-107"]
iHMMtHg 0.003 | 36.678 | [0.1226,0.1374]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

-2.1 4

-2.6 4

Antiallergic Activity

-3.1 4

-3.6 1

-4.1

Compound

Figure 1. Measured antiallergic activity (logIR) and estimated by MDF-SAR, respectively
CoMFA models
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0.8

@ |Y2d-ogiR| @ [Y4d-logIR| O[YCoMFA-logIR|
0.7 -

0.1 ﬂ
0.0 [|'r|:H:|'v
12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23

Compound

Figure 2. Measured (logIR) and estimated activities of compounds using MDF-SAR models
and previously reported CoMFA model

In eleven out of twenty-three cases, the best estimation is obtained by multi-varied MDF-SAR

model with four descriptors (see figure 3).

1.0

0.9 1

0.8 1

0.7

0.6 -

0.5

0.4 -

0.3 1

0.2

0.1

0.0

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23
O MDF-SAR 2d m MDF-SAR 4d 0 CoMFA

Figure 3. Best estimation antiallergic activity by MDF-SAR and CoMFA models

The comparison of MDF-SAR models with previously reported CoMFA model was
performed by applying a correlated correlation analysis and the results are presented in table

4.
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Table 4. The results of comparison between MDF-SAR model with four descriptors and
previously reported CoOMFA model

Characteristic Value
Number of descriptors used in MDF SAR model 2 4
r(logIR, Y mpr-sar) 0.9941 | 0.9986
r(10gIR, Y comra) 0.9952 | 0.9952
r(Ywipr-sar s Y comra) 0.9945 | 0.9943
Steiger’s Z parameter -0.5113 *2.7974*
p <0.05

Discussions

Antiallergic activity of twenty-three substituted N 4-methoxyphenyl benzamides was
characterized by the use of an original methodology, based on complex structure information
of the compounds in order to explain associated biological activity.

Two multi-varied MDF-SAR models, one with two descriptors and other with four
descriptors, proved to obtained performances in antiallergic activity estimation and prediction.
The MDF-SAR models are statistically significant at a significance level less than 0.001 (see
table 2).

The MDF-SAR model with two descriptors uses two molecular descriptors which take into
consideration the geometry (g) and the number of directly bonded hydrogen’s (H) of
compounds (see Eq. 4). Almost ninety-nine percent of variation in antiallergic activity of
substituted N 4-methoxyphenyl benzamides can be explainable by its linear relation with
isDRtHg and iHMMtHg descriptors. The correlation coefficient obtained by the MDF-SAR
model with two descriptors is not statistical significant different by the previously reported
CoMFA model (see table 4) at a significance level of 5%. The performance of the MDF-SAR
model with two descriptors is sustained by the correlation coefficient and the squared of the
correlation coefficient (r = 0.9942, = 0.9942, table 2); the stability of the model is proved
by the very lower value of the differences between squared correlation coefficient and cross-
validation leave-on-out squared correlation coefficient. The cross-validation leave-one-out
score (rzcv_l00 =0.0019) sustain the stability of the MDF-SAR model with two descriptors and
its prediction abilities.

Looking at the MDF-SAR model with two descriptors it can be say that the antiallergic
activity of studied compounds is of molecular geometry and is strongly depend on the number
of directly bonded hydrogen’s.

Analyzing the cross-validation leave-one-out scores, it can be said that multi-varied MDF-

SAR model with four descriptors is the best performing MDF-SAR model. Almost one

47/73



ET108/2006 — Et. Unicda/2006 — Lucrare in extenso

hundred percent of variation in antiallergic activity of substituted N 4-methoxyphenyl
benzamides can be explainable by its linear relation with four molecular descriptors. Both
descriptors used in MDF-SAR model with two descriptors can be found again on model with
four descriptors; the other two descriptors consider the geometry of the molecule (g), atomic
relative mass (M) and the partial charge (Q) as atomic property with role in antiallergic
activities.

Looking at the multi-varied MDF-SAR model with four descriptors it can be observed that the
antiallergic activities of studied compounds is positive correlated with imMRkMg and
iHMMtHg descriptors and negative correlated with imMDVQg and isDRtHg descriptors. The
values of squared correlation coefficient (r* = 0.9973) demonstrate the goodness of fit of the
multi-varied MDF-SAR model with four descriptors (see tables 2 and 3, figures 2 and 3). The
power of the MDF-SAR model with four descriptors in prediction of antiallergic activity of
substituted N 4-methoxyphenyl benzamides compounds is demonstrate by the cross-
validation leave-one-out correlation score (rzcv(loo) = 0.9956). The stability of the MDF-SAR
model with four descriptors is give by the difference between the squared correlation
coefficient and the cross-validation leave-one-out correlation score (r2 - rzcv(loo) = 0.0016).
Analyzing multi-varied MDF-SAR model with four descriptors it can be said that antiallergic
activities of substituted N 4-methoxyphenyl benzamides strongly depend on the geometry of
the compounds and is in relation with number of directly bonded hydrogen’s, atomic relative
mass and partial charge of compounds.

Correlated correlations analysis results (see table 4) demonstrate that the multi-varied MDF-
SAR model with four descriptors obtained a significantly greater correlation coefficient
compared with the previously reported CoOMFA.

Starting with knowledge learned from the studied set of substituted N 4-methoxyphenyl
benzamides, antiallergic activity of new compound from the same class can be predict by the
use of an original software [13]. After the user draw the chemical structure of the new
compound and saved it as *.hin file, the software is able to predict the antiallergic activity of
new substituted N 4-methoxyphenyl benzamides compound in real time, without any

experiments.
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Conclusions

Modeling the antiallergic activity of substituted N 4-methoxyphenyl benzamides by
integration of complex structural information provide a stable and performing MDF-SAR
model with four variables, allowing to make remarks about relation between structure of
compounds and their activities.

The antiallergic activity of substituted N 4-methoxyphenyl benzamides is like to be of
geometry nature, depending by the number of directly bonded hydrogen’s, and the atomic

relative mass, being in relation with the partial charge of compounds.
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Activitatea Anti-Alergica a Derivatilor de Benzamide: Caracterizare, Estimare si

Predictie

Rezumat

Activitatea antialergicd a unui esantion de doudzeci si trei de derivati N 4-methoxyphenyl
benzamide a fost caracterizata, estimatd si prezisd prin folosirea unei metode originale.
Familia descriptorilor moleculari care a stat la baza obtinerii modelelor a fost generata strict
pe baza structurii compusilor, dupa crearea structurii tri-dimensionale a acestora si a fisierului
cu activitatea anti-alergicd masuratd. Modelul multi-variat cu patru descriptori s-a dovedit a
abilitati atdt in estimarea (r* = 0.9986) cit si in prezicerea (r*ey.100 = 0.9956) activitatii anti-
alergice a compusilor studiati, obtinand un coeficient de corelatie semnificativ mai mare in
comparatie cu modelul raportat in literatura de specialitate (p < 0.01). Caracterizarea
activitatii anti-alergice a derivatilor N 4-methoxyphenyl benzamide prin integrarea
informatiilor structurale complexe, ofera un model cu patru variabile stabil si eficient.
Activitatea anti-alergica a derivatilor N 4-methoxyphenyl benzamide este de natura
geometricd, depinde de numarul legaturilor directe de hidrogen si masa atomica relativa, fiind
in relatie cu sarcina partiala.

Cuvinte cheie: Familia de descriptori moleculari, Relatii structurd-activitate (MDF-SAR),

derivati N 4-methoxyphenyl benzamide, Activitate anti-alergicd, Regresie liniara multipla
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Mobile Phase Optimization in Three Solvents High Performance

Thin-Layer Chromatography: Methodology and Evaluation

Synopsis

A mobile phase optimization program, based on an original mathematical approach, was
developed in order to optimize mobile phase composition of high performance thin-layer
chromatography with a mixture of three solvents. The mathematical approach, implement two
equations with six and respectively seven parameter, taking into consideration the solvents
molar fraction. Three chromatographic parameters were included into optimization process:
objective function, resolution and retention factor. Starting with the mathematical
optimization model, a program was developed and its abilities in optimization of mobile
phase were analyzing on two classes of compound, two sets of steroids and one set of N-alkyl
phenothiazine sulfones. The obtained results sustain the accuracy of the optimization
procedure, proving to be a precise and reproducible method, opening a new pathway in
analyzing and characterization of HPTLC parameters.

Keywords

High Performance Thin-Layer Chromatography (HPTLC), Three Solvents, Mobile Phase

Optimization

Introduction

Chromatographic analysis, define as techniques used for the separation of a mixture of
compounds by their distribution between two phases, was invented in 1901 by Russian
botanist Mikhail Semyonovich Tsvet, during his research on plant pigments [1]. He used
liquid-adsorption column chromatography with calcium carbonate as adsorbent and petrol
ether/ethanol mixtures as eluent to separate chlorophylls and carotenoids. He described his
method at the XI Congress of Naturalists and Doctors in St. Petersburg in 1901 and he used
the term of chromatography for the first time in 1906 in a paper published in Berichte der

Deutschen Botanischen Gesellschaft journal [2].

51/73



ET108/2006 — Et. Unicda/2006 — Lucrare in extenso

There are many types of chromatography as Column Chromatography, Thin Layer
Chromatography (TLC), and Gas Chromatography (GC) [3]. The chromatography is used in
chemistry [4,5], biology [6,7], and medicine [8,9] fields as an analytical techniques.

An important task in separation of compounds from a mixture by chromatography is chousing
of the proper mobile phase [10], this task being time consuming. Some researchers studied
optimization methods for column liquid chromatography [11] and for high performance liquid
chromatography [12,13].

Starting with results previously obtained in optimization of the mobile phase of
chromatography separation [14,15], the aim of the research was to develop and to assess an
original mathematical model for mobile phase optimization with applicability on High

Performance Thin-Layer Chromatography.

Method
Mathematical Model
Into a mixture of three solvents, the quantitative measure of choused chromatographic
parameter depends on the composition of mobile phase through a dependence equation, which
can be one of two forms:
M6(X1,X2,X3) = a1X] + axXp + a3X3 + a4X X + a5X1X3 + a6X2X3 Eq.(1)
M7(X1,X2,X3) = a1X1 + apXp + a3X3 + a4X Xy + asX X3 + agXpX3 + a7X1X0X3 Eq.(2)
where X, X», X3 are molar fraction of the three solvents (x; + x, + x3 = 1), M6 and M7 are
estimators and then predictors of choused chromatographic parameter, and a,, a,, as, as, as, ag,
a7 are coefficients first determined based on the best estimation of choused chromatographic
parameter and then used in prediction of used parameter for any composition of mobile phase.
Starting from the above presented equations (Eq.(1) and Eq.(2)) the following
chromatographic parameters were modeled:
» RF(i,e) = 1(i)/1(e) Eq.(3)
where i is one of the separation compounds, e is the eluent used as mobile phase, /(i) is the
coordinate at which was migrated in e eluent, /(e) is the coordinate at which the eluent was
migrated, and RF is the series of retention factor of separation compounds for eluent e.
* RS(i,j.e) = 2*(1(1)-1G))/(w(i)+w(j)) Eq.(4)
where i, j are two separation compounds, w(i) and w(j) the width of the compound’s spots,

and RS is the matrix of calculated resolution for separation of i compound by j compound.
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e RSO(i,e) = 2*(lo(i)-lo(i+1))/(w(i)+w(i+1)) Eq.(5)
where /o(i) is the i migration coordinate in the ordered list of migration length, and RSO is the
matrix of resolutions ordered for separation of consecutive compounds.

« Sm(e) = V(Y j(ARFT-ARF(j,e))/N(n+1) Eq.(6)
where 7 is the total number of compounds which must be separate, ARFT is the retention ideal
value in //n separation, ARF(j,e) is the differences of i’s between two consecutive retention

factors from the retention factors ordered list, and Sm is the separation mean recorded for the

eluent e.

e RSA(e) = >jRSO(j,e)/n Eq.(7)
where RSA4 is the mean of resolution of separation using the e eluent.

e RRP(e) =IjRSO(j,e)/RSA(e) Eq.(8)

where RRP is the ponderate product with the mean of resolutions used in separation by the
use of e eluent.

e Inf(e,m) = Zk(ny/n)log2(ny/n) Eq.(9)
where ny is the number of compounds which migrate into at k£ out of m equidistant interval
(the total length of migration /(e) was split into m equidistant intervals), and Inf is the quality
factor of separation calculated by Logit method, quality factor which is null for an ideal
separation.

» FOB(e,m) = Xja;F;(Sm(e),Inf(e,m),RSA(e),RRP(e)) Eq.(10)
where / <j < 4, F; are functions which each conceive one expression of four parameters, a;
are coefficients choused arbitrary or through of ponderate relation mathematic defined, and
FOC is an objective function which characterized the separation with e eluent in report with
selection of coefficients a;, of F; functions and respectively of number of equidistant intervals
m.

By application of one of the above describe equations (Eq.(3)-Eq.(10)) on a series of p
experiments, result a M, matrix with one (Eq.(6)-Eq.(10)) ore more than one (Eq.(3)-Eq(5))
rows, one for each experiment. The elements of My, matrix represent the values of
chromatographic parameter which is modeled by using Eq.(1) or Eq.(2). The optimization

algorithm has a unique determine solution for p > 6 for Eq.(1) and respectively for p > 6 for

Eq.(2).
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Optimization procedure
For each row of M, matrix is build a system with p linear equations with six or seven terms
(Eq.(1), Eq.(2)) in a; coefficients as following example:

Mob(j) = aix; + apxp + asXs + asXjXp + ... Eq.(11)
where x; are molar fraction of each solvent (I = I, 2, 3) which enter into the composition of
the ejeluent (j = 1, 2, ..., p).

To the above describe system (Eq.(11)) the least squared method is applied for construction of
the system with unique determine solution MMCP, which is obtained by applying the
following formula:

MMCP(k,0) = M2(MOB,A(k)), MMCP(k,l) = M2(A(k),A(1)) Eq.(12)
where (k,0) = 1, 2, ..., 6 for Eq.(1) and (k,0) = 1, 2, ..., 7 for Eq.(2), A(k) is the series of terms
known from Eq.(11), M2 calculate the mean for the product of MOB series and A(k), and
MMCEP is the extended matrix of system of linear equations which is used in determination of
ay coefficients.

For determination of the solution for Eq.(12) is applied the Gaussian method. The solution for
the system from Eq.(1) and Eq.(2) are:

A0 = (a1, agy, .., age) - for Eq.(1)

A0 = (a1, ag, ..., a97) - for Eq.(2) Eq.(13)

At one time as the coefficients 40 are determined, theirs values are used for prediction of the
chromatographic parameter of interest by using one of the equations Eq.(1) or Eq.(2), and it is
used the equation for which the coefficients were determined.

For example if Y is the choused chromatographic parameter, the MOB matrix (the predictor
of Y) has more than one row as well as the estimator of Y. If z is the number of MOB matrix
rows (and implicit the number of predictors) then it can be state the estimator of choused
chromatographic parameter Y as followings:

Y= 92) Eq.(14)
The optimum is obtained by application of a maximization or minimization function (as is for
example the characterization of a separation of many compounds through the worst separation
of two compounds):

¥, = opt(Y), where opt = "max" or opt = "min" Eq.(15)
Moving through all domains of possible values for the composition of the mobile phase, the

optimum point is identified, this being the optimum composition of mobile phase (x; x>, x3):
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¢,) | YC,r,) = opt{ Y(i/100,j/100,k/100) | i=0..100, j=0..100-i, k=100-i-j} Eq.(16)

Software implementation

Starting with the experience acquired with implementation of a fitting statistical regressions
application [16], the above describe mathematical model and optimization procedure were
integrated into an online application by the use of the PHP (Pre Hypertext Processed)
language [17]. PHP has the unique distinction of being an open-source scripting language,
which proved its usefulness in creation and development of interactive and dynamic

applications [18,19].

Materials

A number of three sets of compounds (two sets steroids and one set of N-alkyl phenothiazine
sulfones) previous studied were included into analysis (see table 1). The optimization
procedure described above was applied on these three classes of compounds.

The abbreviation of the class, the compounds of class, the solvents and the optimum mobile

phase previously obtained are in table 1.

Table 1. Characteristic of sets included into analysis

Abb. Compounds Solvents Optimum Ref.
Mobile Phase
steroids 01 | metazepan, napoton Chloroform 73:26: 1 [15]
nitrazepan, oxazepan Iso-Propanol
diazepam Acetone
steroids 02 | metazepan, napoton Chloroform 52.5:25.5: 22| [20]
nitrazepan, oxazepan Methyl-Ethyl-Cetone
diazepam Cyclohexan
thiazine 01 | N-CH3-PhT-S, N-C,Hs-PhT-S, Toluene 30:50:20 [21]
N-C;3H7-PhT-S, N-C4Ho-PhT-S, | Ethyl Ether
N-CsH;;-PhT-S, N-iCsH;;-PhT-S, | Chloroform
N-C;H;5-PhT-S

Results

Mobile Phase Optimization Program

The application of optimization of mobile phase for chromatographic separation which used
mixture’s of three solvents was created, and can run on any computer connected to the
Internet, being available at the following URL:

http://vl.academicdirect.org/molecular_dynamics/mobile_phase_opt/
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The main features of the application are:

e Mobile phase optimization on high performance thin-layer chromatography with mixture of
three solvents;

» Assisting users in choosing the solvents and/or the compounds;

e Assisting users in chousing one out of three optimized chromatographic parameter with best

performance in separation.

Optimization of HPTLC chromatographic parameters on three sets of compound
The retention factor was considered as an important parameter into chromatography and the
results of optimization refer this factor. The optimum mobile phase previous reported was
took into consideration in chousing the best performing optimization model for the three sets
of compounds included into analysis.
In all three sets of compounds, the optimum mobile phase was obtained with the following
generic equation:

Arf = a;x;+aX,tasxstasx X +tasx X3 tagXoX3tarX  XoX3 Eq.(17)

The optimum phases obtained through optimization procedure are in Table 2.

Table 2. Characteristics of the optimum mobile phase
Abb. Optimum Mobile Phase
steroids 01 | 91: 0: 9

steroids 02 | 90: 10: 0

thiazine 01 | 41:23: 36

The values of retention factor obtained experimental (Exp.) and by the used of the

optimization method (Est.) for all three sets of compounds are in Table 3-5.

Table 3. Experimental and optimized retention factor for data set steroids 01

Type Srggfg: Metazepan | Napoton | Nitrazepan | Oxazepan | Diazepan
Exp. 0 0.8169| 0.8648 0.8895 0.9186| 0.9390
Exp. 1 0.7151| 0.7878 0.8706 0.8081| 0.8706
Exp. 2 0.8441| 0.7654 0.8584 0.8455| 0.8798
Exp. 3 0.4849| 0.5509 0.6700 0.7877| 0.8278
Exp. 4 0.3769| 0.5855 0.7254 0.7733| 0.8225
Exp. 5 0.8214| 0.8525 0.9188 0.9296| 0.9513
Exp. 6 0.7736| 0.8469 0.8691 0.9149| 0.9241
Est. 0 0.8169| 0.8648 0.8895 0.9186| 0.9390
Est. 1 0.7151| 0.7878 0.8706 0.8081| 0.8706
Est. 2 0.8441| 0.7654 0.8584 0.8455| 0.8798
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Est. 3 0.4849| 0.5509 0.6700| 0.7877| 0.8278

Est. 4 0.3769| 0.5855 0.7254| 0.7733| 0.8225

Est. 5 0.8214| 0.8525 09188 0.9296| 0.9513

Est. 6 0.7736| 0.8469 0.8691 0.9149| 0.9241

Table 4. Experimental and optimized retention factor for steroids 02 set

]t)yag: Srgilzt?lil;[es Metazepan | Napoton | Nitrazepan | Oxazepan | Diazepan

Exp. 0 0.7020 | 0.7980 0.7801 0.3146| 0.4258

Exp. 1 0.2121| 0.3156 0.2926 0.0230 | 0.0564

Exp. 2 0.8395| 0.8852 0.8829 0.6945| 0.7213

Exp. 3 0.3969 | 0.5730 0.5162 0.0669 | 0.1550

Exp. 4 0.0663 | 0.1127 0.0862 0.0188 | 0.0254

Exp. 5 0.7010| 0.7783 0.7559 0.4502 | 0.5241

Exp. 6 0.7570 | 0.7979 0.7886 0.4182| 0.4708

Exp. 7 0.0000 | 0.0000 0.0000 0.0000 |  0.0000

Exp. 8 0.9309 | 0.9365 0.9342 0.8071] 0.7770

Exp. 9 0.1066 | 0.2211 0.1757 0.0261 | 0.0317

Est. 0 0.7003 | 0.8189 0.7967 0.3005| 0.4168

Est. 1 0.2313 | 0.2829 0.2704 0.0732| 0.1077

Est. 2 0.9101 | 0.9539 0.9472 0.6738| 0.7079

Est. 3 0.3149| 0.4403 0.3975 0.1024| 0.1590

Est. 4 0.0843 | 0.1536 0.1213 0.0000| 0.0123

Est. 5 0.7046 | 0.7908 0.7668 0.4497 | 0.5291

Est. 6 0.7323 | 0.7824 0.7725 0.4136| 0.4625

Est. 7 0.0000 | 0.0129 0.0081 0.0000 |  0.0000

Est. 8 0.8918 | 0.8926 0.8940 0.8224| 0.7869

Est. 9 0.1529 | 0.2900 0.2379 0.0098| 0.0318

Table 5. Experimental and optimized retention factor for thiazine 01 set
Data | Solvent's | N-CH3 | N-C2HS5 | N-C3H7 | N-C4H9 | N-C5H11 | N-iC5H11 | N-C7H15
type | mixture |-PhT-S | -PhT-S | -PhT-S | -PhT-S | -PhT-S | -PhT-S | -PhT-S
Exp. 0] 0.0340| 0.0470| 0.0610] 0.0590| 0.0810 0.0830| 0.0770
Exp. 11 0.2670] 0.2700| 0.3320] 0.3760| 0.4250 0.4260| 0.4480
Exp. 210.4830] 0.5940| 0.8120] 0.8760| 0.9140 0.9080| 0.9170
Exp. 310.5960| 0.6720| 0.7680| 0.8180| 0.8370 0.8360| 0.8690
Exp. 410.2240| 0.2200| 0.2730| 0.2620| 0.2620 0.2380| 0.2330
Exp. 5104300 0.5170| 0.6420| 0.7070| 0.7460 0.7390| 0.7980
Exp. 6| 0.5420| 0.5850| 0.7000| 0.7380| 0.7800 0.7710| 0.8470
Est. 0] 0.0340| 0.0470| 0.0610] 0.0590| 0.0810 0.0830| 0.0770
Est. 1/0.2670| 0.2700| 0.3320| 0.3760| 0.4250 0.4260| 0.4480
Est. 2104830 0.5940| 0.8120] 0.8760| 0.9140 0.9080| 0.9170
Est. 31 0.5960| 0.6720] 0.7680| 0.8180| 0.8370 0.8360| 0.8690
Est. 410.2240| 0.2200| 0.2730| 0.2620| 0.2620 0.2380| 0.2330
Est. 5104300 0.5170| 0.6420| 0.7070| 0.7460 0.7390| 0.7980
Est. 6] 0.5420| 0.5850| 0.7000| 0.7380| 0.7800 0.7710] 0.8470
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For all five compounds there were not identify a statistical significant differences (p > 0.05)
between experimental (Exp.) and optimized (Est.) retention factor for the set steroids 0O1.
There were not identified any statistically significant differences between experimental
retention factor and the values obtained by the used of proposed optimization method for the
steroids 02 set (p > 0.05).

The representation of the estimated through optimization procedure versus experimental data

for Metazepan, steroids_02 set, is in figure 1.
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Figure 1. Estimated versus experimental retention factor for Metazepan, steroids 02 set

There were not identified any statistically significant differences between experimental
retention factor (Exp.) and the values obtained by the used of proposed optimization method
(Est.), for thiazine 01 set (p > 0.05).

The plot generate by the application, for the thiazine 01 set obtained with the Eq.(17) for a
Zmin €qual with 0.001 created by the use of 25 colors is in figure 2.

58/73



ET108/2006 — Et. Unicda/2006 — Lucrare in extenso

CsHs-CHj;

C,H;5-O-C,Hs
Figure 2. Plot of the optimized retention factor for thiazine 01 set

Discussions

The characteristics of the Mobile Phase Optimization Program are:

H Interaction: the user has possibility of chousing the solvents of interest and also the

compounds which want to be separated. This information’s are used just for the presentation

of the optimization results.

H Control of experiment(s): the user’s can chouse one or more than one compositions of

experimental mobile phase. Taking this option into consideration the users’ has the control on

the optimization, chousing the experiment or experiments of interest.

H Control of optimization: the mathematical model and the chromatographic parameter(s) can

be choused by the user. The optimization process is based on a model with six and/or seven

parameters (Eq.(1), Eq.(2)) and is applied one or more than one of the following

chromatographic parameters: objective function, resolution and retention factor.

H Optimization results: the results of optimization are clear and easy to find. The program

display:

e The name of the optimized chromatographic parameter;

e The equation of model, the values of chromatographic parameter as they results from the
experiment as well as the values obtained by applying of the equation results from the

modeling;
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e The list of the whole possible estimated by the optimized model values for the
chromatographic parameter of interest for each possible mobile phase with an one percent
unit increment;

e The optimum mobile phase calculated by the model and the values of the computed
chromatographic parameter of interest in this point;

e Access to a graphic interface: represent graphically as surface level the dependence of
predicted chromatographic parameter on mobile phase composition by the use of four
specification choused by the user: two out of three solvents choused in order to be presented
on 0x and Oy axis, the minimum value of the chromatographic parameter of interest which
to appear on the graph, and the intermediary hue of two colors used for graphical
representation of surface level. The program create a graphical representation or *.png
(Portable Network Graphics) type;

e The possibility of saving the results as *.txt file.
The application is multi-user; allow being use simultaneously by more than one user. The
program is accessible to anyone who is interested in, its use being restricted just by the
existence of a computer connected to the Internet. The Mobile Phase Optimization Program is
a flexible program allowing repeating the optimization process as many time as it is
necessary, in a short time comparing with a chromatographic separation, and ensuring of
obtaining the same results.
In order to become a useful tool in separation of compounds by HPTLC with three solvents,
the abilities of the program must be analyzed on more compounds sets, the objective which is
in our future plan of program development.
Searching the available specialty literature it can be observed that there are just a few articles
which present and described the optimization process of HPTLC [19,22]. Present paper
described the results obtained for optimization of three chromatographic parameters, the
objective function, resolution and retention factor. The optimization results were presented
just for the retention factor because it was consider that this chromatographic parameter is the
one which is most important in compounds’ separation on HPTLC.

Analyzing the results obtained for optimization of the retention factors three observations can

be perform. First observation refers the generic equation of optimization of retention factor

which in all three sets of compound is an equation with seven parameters (see Eq.(17)).

Second observation refers the optimum mobile phase. In all three sets of compounds it can be
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observed that there are not statistically significant differences between retention factor
obtained through experiments and those obtained by after applying of the optimization
procedure (p > 0.05, see Table 3-5). Third observation refers the composition of the optimum
mobile phase. Even if the optimum mobile phase obtained experimentally (see Table 1) are
not the same with those obtained through optimization (see Table 2) the experimental and
estimated values of the retention factors are not statistical different (p < 0.05). It is well
known that the retention factor is a constant from one experiment to the next one only if the
chromatography conditions represented by the solvent system, adsorbent and its thickness,
amount of material spotted and temperature are constant. Comparing with the experimental
procedure, the optimization procedure produces the same results of a choused set of

compounds at every application.

Conclusions

The proposed optimization procedure opens a new pathway in analyzing and characterization
of three chromatographic parameters of HPTLC analysis which used a mixture of three
solvents.

Mobile Phase Optimization Program, proved to assure accurate results regarding the retention
factors analyzed on three sets on compounds. The program can become a useful instrument in
characterization of HPTLC parameters, opening the possibility of development of online

library of optimized HPTLC parameters.
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Cromatografia planara (TLC)

O varianta mai simpla a LC

Cromatografia planara (PC) intalnita adesea sub denumirea de cromatografie in strat
subtire este cea mai simpla i ieftina dintre toate metodele cromatografice cunoscute. Mai este
denumita si cromatografia de lichide a saracului.

In literatura de specialitate se utilizeazi mai multe denumiri (cu prescurtirile asociate
acestora). Pe langa termenul consacrat - cromatografia planara (planar chromatography - PC
[*"]) se mai intdlnesc denumiri ca cromatografia in strat subtire de inaltd performanti (high
performance thin layer chromatography - HPTLC) sau cromatografia de lichide planara

(planar liquid chromatography - PLC).

Pozitia finala a
frontului la elutie

Etalon

| Linie de start

Probe .

Fig. 1. Placa cromatografica si pozitiile relative ale spoturilor

In aceasti variantd a cromatografiei de lichide, separarea nu mai are loc intr-o coloani
inchisad ci pe o faza stationard similard, granulard (poroasa) dispusd intr-un strat subtire,
formand un plan (fig. 1). Acest strat denumit subfire, se realizeaza dintr-un adsorbent cu
grosimi cuprinse Intre 100-250um si poate fi simplu sau legat adeziv de un plan rigid, fiind pe
tot parcursul separarii in contact cu o faza gazoasa - mai mult sau mai putin saturata cu vapori
de eluent. Primul caz a fost mult utilizat in trecut in cazul asa-numitei cromatografii pe hartie
unde faza stationara consta dintr-o banda de hartie de filtru, confectionata din celuloza pura,

sau, extrem de rar, prin folosirea unor placi din materiale ceramice sinterizate poroase.

[27] Din L. engleza
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Celalalt caz mult mai utilizat (chiar in zilele noastre) face apel la straturi subtiri realizate
dintr-un adsorbent pulverulent (silicagel, celuloza, alumind, poliamida sau derivate ale
acestora) dispuse in straturi subtiri pe placi rigide din sticla sau, pe folii flexibile din aluminiu,
poliester sau alte materiale inerte fatd de sistemul pe care are loc separarea. Se mai poate
recurge si la straturi formate pe baghete de sticlad sau tuburi din sticla.

Obtinerea straturilor subtiri se realiza la inceput in laborator, pornindu-se de la o
suspensie apoasd a adsorbentului pulverulent (10-40um) impreund cu un liant anorganic (de
exemplu ghips, SiO,-coloidal) sau organic (amidon, carboximetilceluloza), iar pentru aplicare
se foloseau niste dispozitive mecanice simple. Straturile subtiri mai pot include si indicatori
de fluorescenta care in lumina UV fac posibila vizualizarea spoturilor substantelor care absorb
in acest domeniu prin stingerea fluorescentei, adica prin aparitia unor spoturi intunecate pe
fond luminos. Straturile subtiri pot fi achizitionate gata preparate de la firme producétoare

specializate (Camag, Cole-Parmer etc.).

Aplicarea probei

Pentru a se putea demara procesul de elutie, in prealabil pe placa cu strat subtire se
aplica proba. Acest lucru se realizeaza cu seringi sau micro-pipete, dar si alte dispozitive
specializate (fig. 2), astfel incit sd se obtind aliniate, pe linia de start (fig. 1), mai multe
spoturi de probe, respectiv de amestecuri etalon - supuse simultan separirii. Intrucat probele
se aplica din solutii diluate (1-2%), in anumiti solventi, pentru a se evita interferenta acestora
in procesul de elutie, placile se usuca Tnainte de introducerea in amestecul de solventi. Astfel
se pot supune separdrii probe care se concentreazd pe zone inguste (de lungime si latime

preselectate) asigurandu-se o eficientd maritd separarii.

Migrarea eluentului
Are loc prin coloana deschisa, care actioneaza cu totul analog celei inchise (vezi LC),
are loc sub actiunea fortelor capilare si provoaca migrarea diferentiatd a componentelor
amestecului de separat. Acest lucru se realizeazd in urma simplei scufundari (manuale) a
placii cromatografice in eluentul potrivit. Din acest moment, eluentul irigdnd prin capilaritate
stratul poros migreaza ascendent prin stratul subtire, provocand separarea. Timpul de separare

variaza intre 3 si 60 min.
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Nu este totusi exclusd utilizarea unor dispozitive mai sofisticate de alimentare cu
solventi (minipompe) - facandu-se uneori apel chiar la gradienti de concentratie (v. par. 16.5
in cazul LC). Se poate de asemenea practica migrarea eluentului pe orizontald sau descendent.
Se poate elua o placad chiar de mai multe ori sau se poate evapora solventul in timpul migrarii,
in acest fel marindu-se eficienta pe seama timpului de separare.

Pentru realizarea separarii (elutiei) se utilizeaza camere de developare. Céteva dintre
cele mai utilizate dintre acestea se prezintd in fig. 3. Formele preferate sunt cele
paralelipipedice sau cilindrice (pahare), prevazute cu un capac si eventual cu un dispozitiv de
fixare a placii plane (hartie sau strat subtire) si pot fi saturate cu amestecul de solventi din
tanc, pentru a se mari viteza de elutie. Camerele paralelipipedice (fig. 3N) se numesc camere
de tip N (normale) iar cele subtiri (fig. 3S) poartd numele de camere de tip S (sandwich).
Ultimele prezinta avantajul unui volum mai redus al fazei gazoase avand o viteza de saturare

mai mare i o duratd a procesului de separare cu ceva mai mica.

4Ot 5

n
A
L Y™ :

N'l:_—rs N —

Fig. 2. Aparatul Linomat: apllca probele  Fig. 3. Cdteva dintre cele mai uzuale
in forma de benzi pe straturile subtiri camere cromatografice in PC
Elutia are loc dupa introducerea placii in camera cromatografica, pana cand amestecul
de solventi atinge o inaltime finald, fixatd de obicei intre 5 si 18 cm, sau un anumit timp
stabilit, in prealabil, prin incercari preliminare. Solventii utilizati se aleg in functie de
proprietatile de elutie ale substantelor supuse separarii (analizei). Natura acestora depinde nu
numai de substantele implicate dar si de mecanismul de separare propus, respectiv de faza

stationara avuta la dispozitie.
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Dupa elutie, placa se scoate, se usucd si daca spoturile nu se vad, se trece la
vizualizarea acestora (operatie numita uneori revelare). Pentru aceasta, placa fie se scufunda
intr-un reactiv, fie se pulverizeaza cu acesta sau se introduce intr-o atmosferd continind gaze
reactive si chiar intr-o etuva, la cald, cand spoturile devin vizibile in urma unor reactii chimice

(avand un aspect apropiat celor din fig. 4).

Fig. 4. Aspectul placilor si al spoturilor
la vizualizare:

+ in lumina UV (stdnga)

+ in lumina vizibila (dreapta)

1!
1!
1|

Doar apoi se poate trece la etapa analizei propriu-zise. Reactivii de culoare pot fi
generali, ca de exemplu acidul sulfuric la cald (120°C), care determina carbonizarea
majoritatii substantelor organice, sau specifici, cand acestia reactioneaza doar anumite
substante sau functiuni organice.

O alta varianta de a face spoturile vizibile, preferata tot mai mult in ultimul timp, este
folosirea unor straturi subtiri fluorescente (spre exemplu materialul pulverulent contine ZnS -
fluorescent). Prin examinarea cromatogramelor eluate si uscate in lumind UV, se vor observa
spoturi inchise la culoare sau colorate, pe fond fluorescent - luminos. Atunci cand chiar
substantele separate sunt fluorescente nu mai este nevoie de fondul fluorescent si este
suficientd o placa obisnuita, observata in lumind UV, spoturile devenind luminoase pe un fond
intunecat (fig. 4).

O varianta si mai moderna, foarte eficace de vizualizare, folosind tot lumina UV,
constd in utilizarea unor placi cu straturi subtiri contindnd amestecuri de luminofori. In acest
caz placile au o culoare compusa (de reguld lumina emanand din trei substante luminescente
avand culori diferite). Cum fiecare luminofor emite la o altd lungime de unda, iar substantele
separate absorb diferit lumina, fiecare component de pe placd va avea, In consecintd, o alta
culoare. In acest caz detectia este mai sigurd pentru ci nu diferd doar pozitia relativd a

spotului respectiv pe placa ci si culoarea.

Faze mobile si faze stationare
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Analog cu cromatografia de lichide, respectiv cu varianta HPLC [**], in PC sunt
posibile mai multe mecanisme de separare: (1) cromatografia de adsorbtie, (2) cromatografia
de repartitie (cu faze directe si cu faze inversate), (3) cromatografia de schimb ionic si (4)
cromatografia de excluziune sterica. Aceleasi faze stationare (silicagel, alumind, celuloza sau
derivati ai acestora) se utilizeaza in granulatii fine (<40pm) dar fara partile extra fine (<1um).
In ultimul timp castigd tot mai mult teren fazele chimice legate, pentru separdri in
cromatografia de repartitie cu faze inversate (solventi polari si faze stationare nepolare). Ca si
in HPLC, se utilizeaza tot silicagelul silanizat avand grefate grupari alchilice contindnd 8 sau
18 atomi de carbon - echivalente cu o peliculd subtire de faza nepolard depusa pe granula-
suport.

Fazele mobile sunt adesea amestecuri de 2 pana la 5 solventi cat mai diferiti ca natura
chimicd, alesi prin incercari preliminare. Pentru straturi subtiri din silicagel (cele mai
utilizate) prezentam o lista cu 10 solventi extrasi din 8 grupe de selectivitate (propuse de
Snyder, un cercetator american care a clasificat solventii organici in functie de mai multi
parametri structurali si fizici), care difera intre ele prin structura chimica: eter etilic (grupa I),
izopropanol si etanol (II), tetrahidrofuran (III), acid acetic (IV), diclormetan (V), acetat de etil
si dioxan (VI), toluen (VII) si cloroform (VIII). Hexanul este un solvent considerat complet
nepolar si este recomandat a fi introdus in amestecuri pentru aducerea spoturilor in domeniul

considerat optim, de Ry = 0.2-0.8 dacd mai este necesar.

Analiza chimica prin PC
Analiza calitativa
Fiecare compus separat prin PC este caracterizat (calitativ) de parametrul de retentie
denumit Ry (o prescurtare de la termenul din 1. engl.: retardation factor). Acesta se calculeaza
astfel:
R¢ = (Distanta parcursa de componentul dat, 1)/(Distanta parcursa de frontul solventului)

sau

unde cu X, respectiv cu X, s-au notat distantele parcurse de componentul dat, respectiv de

frontul solventului, pana la oprirea cromatogramei. Toate marimile calculate pentru o coloana

[28] HPLC = High Performance Liquid Chromatography
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inchisa au o marime corespondenta si in PC. De exemplu parametrul de retentie R devine R

(f de la front):

X vt
Rf :—:—:—0
X, Vv, t

1
k+1
unde v reprezinta viteze de migrare, t - timpi de migrare iar k factorul de capacitate. De aici,
implicit:

k=1
R,

Comparandu-se valorile Ry ale spoturilor etaloanelor cu cele ale substantelor din proba
de analizat (lucru realizat de cele mai multe ori vizual) se spune ca se face analiza calitativa.
Aceasta este cea mai utild aplicatie a metodei PC. Se pot identifica pesticide din ape, sol dar si
alte substante pentru scopuri stiintifice si tehnice cu o sensibilitate mult mai bund decat in
eprubetd. Desigur cd sensibilitatea atinsd este inferioara celei din HPLC. De aceea, in
aplicatiile analitice de performanta, cu toata simplitatea si pretul de cost scazut, PC nu poate
inlocui intotdeauna HPLC.

Tot in scopul realizarii analizei calitative se poate practica si cromatografia
bidimensionald. In aceasti variantd (fig. 5), se utilizeaza o placd patratd, iar spotul (unul
singur) se aplica intr-unul dintre colturi, de exemplu: in dreapta-jos. Se elueaza cu un amestec
de solventi 1, avand loc o prima separare. Apoi, dupa oprire se usuca placa. Se roteste placa
cu 90° si se Incepe o nouad irigare a acesteia folosind un alt amestec de solventi, 2. Doar apoi
placa se vizualizeaza si se compara cu o placa etalon - pe care avem un amestec similar dar

cunoscut.
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Aplicare Elutia 1
[ ]
[ ]
____________ Q-
Solvent 1
Elutia 2 Aspect final
e 00
o
e 00
| - @0 --0-9-- | o o

Solvent 2

Fig. 5. Modul de executare a cromatografiei in strat subtire bidimensionale
Analiza cantitativa poate incepe dupa efectuarea separdrii si vizualizarii sau prin

executarea unei masurdtori asupra unui parametru fizic (radioactivitate) proportional cu
concentratia substantei din spotul de interes analitic. Metodele practicate pe scara larga sunt
densitometria prin transmisie sau reflexie a spotului (spoturilor), respectiv mai recent
scanarea. Densitometria se poate realiza In lumina vizibild sau UV, in ultimul caz fiind
posibild si masurarea radiatiei de fluorescentd. Semnalul masurat serveste la construirea unei
curbe de etalonare din semnalele masurate pentru diferitele spoturi, contindnd cantitati
crescatoare de component, aplicate, alaturi de proba necunoscutd, pe aceeasi placa. Se prefera
metoda curbei de etalonare in reflexie (adicd prin masurarea reflectantei) deoarece domeniul
liniar al metodei este destul de ingust si adesea curba de etalonare este neliniara. Motivul
principal pentru care rezultatele analizei cantitative prin PC sunt inferioare HPLC sunt
neuniformitdtile stratului subtire care contribuie In mod hotaritor la madrirea raportului
semnal/zgomot, notat S/N. Astfel, conform fig. 6, unde H este inaltimea picului (semnalului)

analitului iar h, - latimea domeniului in care variaza zgomotul de fond (intervalul £25).
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Fig. 6. llustrarea

marimilor care
afecteaza raportul

semnal/zgomot

O variantd mai simpld dar mai laborioasd de analizd cantitativd consta in spalarea
zonei corespunzatoare analitului de pe suport intr-un pahar, folosind un solvent adecvat si
apoi determinarea, cu o altd metoda instrumentalda, a concentratiei solutiei rezultate.

Evaluarea cu ajutorul foto-densitometrelor este pand in prezent cea mai utilizata
metodi. In aceste instrumente, placa cromatografica cu stratul pe ea, se deplaseazi odati cu
suportul (de reguld in directia developarii), prin fata fantelor sistemului optic de iluminare,
respectiv de masurare a intensitdtii luminii reflectate. Schema unui astfel de dispozitiv se

poate observa pe fig. 7.

Qw

Fig. 7. Reprezentarea schematica a unui densitometru

Pe aceastd figurd se pot remarca posibilitatea de utilizare a unei lampi cu
incandescenta - cu halogen - (W), pentru determinari in domeniul vizibil (400-800nm), a unei
lampi cu deuteriu (D) pentru spoturile care absorb in UV (190-400nm) sau a unei lampi UV
cu intensitate mai ridicata (cu xenon sau cu vapori de mercur), notatd Hg, pentru spoturile
fluorescente. Lumina monocromaticd care paraseste monocromatorul MC se reflecta pe
oglinda O, se reflectd pe placa cu strat subtire P iar lumina reflectatd este receptatd pe
fotomultiplicatorul F. Semnalul obtinut este inregistrat de inregistratorul /, care poate fi chiar

un calculator.
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Dupa inregistrare, densitogramele se evalueaza cantitativ, fie prin masurarea indltimii
picurilor, fie a suprafetei acestora. Oricare dintre marimile masurate poate constitui semnalul
analitic. Trasarea graficului semnal analitic 1n functie de cantitatea de substanta din spot, duce
la o curbd de etalonare. In cazul determinarilor de fluorescentd acest grafic este liniar.

Un exemplu de determinare cantitativa din domeniul controlului poluarii mediului il
constituie determinarea seleniului din ape. In acest caz inainte de aplicarea probei pe placa,
aceasta se supune unei reactii chimice numitd derivatizare. Derivatizarea seleniului se poate
realiza cu 2,3-diaminonaftalind (DAN). Compusul rezultat este fluorescent. Pe fig. 8a se
prezintd densitograma unei probe de apa continand seleniu derivatizat. Se poate observa ca
reactivul de derivatizare, DAN, apare separat pe aceeasi placa alaturi de compusul rezultat cu
seleniul din apa. Repetdndu-se separarea cu mai multe probe cunoscute se obtin picuri cu
inaltimi diferite (fig. 8b). Limita de detectic este pentru aceastd metoda de 250fg Se.

Reprezentarea grafica a Tnaltimilor duce la curba de etalonare (fig. 8c).

500 1y =9.2941x
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=
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= 100 ~
<
Se i»c;
DAN 2
g 0 I I I I !
Start) 2 ﬁ ,JL 0 10 20 30 40 50

" | ' ‘ " | Inaltime, mm
W00fg 875fg  7S0fg  625fg  S00fg  250fg

a b c
Fig. 8. (a) Aspectul unei densitograme a compusului fluorescent al seleniului DAN (1,2-
diaminonaftalina); (b) Densitograme rezultate din masuratorile de fluorescenta ale
produsului derivatizarii seleniului din probe de apa cu 1,2-diaminonaftalina, in cantitati
crescatoare (1fg=10""g); (c) Aspectul unei curbe de etalonare in PC

Metoda PC este simpla si ieftind dar, ca precizie si exactitate, este adesea inferioara

HPLC. in calitate de metodid semicantitativi, PC este o metoda competitivd si in lipsa unei
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aparaturi performante (de exemplu HPLC) rdmane uneori singura alternativd. O analiza
semicantitativa poate raspunde la intrebarea: Este prezenta specia X intr-o concentratie mai
mare decdt o concentratie limita, C? De foarte multe ori raspunsul la aceastd intrebare este
suficient in practica curentd. Dar pentru monitorizarea automata a continutului de poluanti din
ape sau sol, pentru expertize sau pentru controlul alimentelor, doar metoda PC nu este

suficienta.
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Concluzii

Integrarea informatiilor complexe provenite din experiment este permite efectuarea de
predictii foarte bune in ceea ce priveste comportamentul substantelor chimice cu structura
chimica bine definita.

Pentru fenomenele care se petrec la interfata fazelor, asa cum este cazul la
cromatografia pe strat subtire, integrarea mai multor modele, asa cum face functia obiectiv,
aduce un suplement ce certitudine in predictiile efectuate.

Urmatoarele aplicatii realizate si-au dovedit capabilitatea predictiva:

0 Optimizarea fazei mobile la amestecuri de 3 solventi in cromatografia planara si de lichide
de inalta performanta:

http://vl.academicdirect.org/molecular_dynamics/mobile_phase_opt/

0 Cinetica reactiilor simple si complexe:

http://vl.academicdirect.org/molecular dynamics/reaction Kkinetics/

0 Modelarea activitatii biologice prin descriptori de natura cuanticd semiempirici:

http://vl.academicdirect.org/molecular_topology/mdf findings/

Cluj-Napoca,
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