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4 Abstract

Progesterone and progestogens are known not only as contraceptives but also as potential drugs for
hormonal, anti-cancer and other therapies, and in veterinary practice. The lack of larger number and
homogenicity of biological activity data makes it difficult to have a clear picture of the progestogens
behavior at atomic level. The crystal structure of progesterone-receptor complex! gave much insight
into such an intermolecular interaction. Continuing the SAR study? on two sets of progestogens, a
combined study including Partial Least Squares (PLS), structural studies employing related crystal
structures, molecular graphics and modeling of progestogen-receptor was performed. Besides DFT ab
initio computed molecular descriptors two more types were used: a priori® and molecular
graphics&modeling descriptors. All the methodologies confirmed steric, electronic and hydrophobic
properties of progestogens being responsible for activity. Besides, progestogen heteroaromaticity and
conformational properties including resonance effects, substituent position and characteristics are
phenomena both described well by molecular descriptors and visualized by molecular graphics.
Related crystal structures confirm the basic principles on progestogen-receptor binding.
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2 Progesterone: How does it look like??
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Nomenclature and 2D formula Space-filling model

Progesterone hydrogen atoms and possible
intermolecular interactions where the
hydrogens could be involved

3D stick model Electrostatic potential at molecular surface

9 Progestogens — progesterone derivatives

Today applications:

-oral contraception

-health research: anti-cancer treatments
postmenopausal disorders

~veterinary: animal birth control

g receptor (PR) - prog pl
Substitution sites in progestogens (crystal structure, PDB: 1A28)
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Progestogens under study
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setl:
~training set: I-V1
-prediction set: VII, VIl W e "

Setli:
~training set: 1-21 L i o ER
~prediction set: 22-24 ,

5 Methodology: chemometrics&QSAR
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g Methodology: other methods
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8 Results: chemometrics for set |

Important observations:

relationships in 1-V1
-V is always isolated (low

active), and close to V111

(lite. predicted not active_

VI behaves as high active

(liter. predicted this way)

-three Principal Components
(PC’s): 99.95% total variance
-PLS model: Q2=0.921, R=0.967

Samples dendogram (training set) PC1-PC2 scores plot (training set)

Samples dendogram (all data) PC1-PC3 scores plot (training set)

¢ Results: chemometrics for set Il

Important observations:

-three PC’s: 96.66% total variance
-the activity depends parabolically
on the number of double bonds
-identical clusters in HCA and PCA
(PC1-PC2): high, moderate and low
activity

-the samples arranged in lines in
PCI1-PC3 due to values of var. My,
-reliable PLS: Q?=0.692, R?=0.811
-predictions as expected: 22 (inactive)
23~ low active, 25 (high active)

Samples dendogram (training set) PC1-PC2 scores plot (training set)

PC1-PC3 scores plot (training set) PLS plot

Central, free and
occupied progesterone
hydrogens (left top)
and four main PR
pockets where
substituents can be
placed (other pictures)

& Results: molecular modeling

Most of the progestogens
from sets | and I1 (colored
green, yellow and

pink) at the active site of PR

Results: structural comparisons

Progesterone in Fab’ active site hole: 1) Et group can replace
Me at C13 (there is enough space for that — left); 2) H atoms at
C21. can be substituted (there is a small space around - ight).

Metribolone or R1881 (2D and 3D formulas,
top) in PR at the active site (bottom). The
only place for substitution is C6.

(PDB: 1DBB) (PDB: 1E3K)
13 Conclusions: methodological aspect 1 Conclusions: QSAR aspect £ Acknowledgement
GENERAL
i) -literature findings on steric, elect 4 BER g conteed THE MOST IMPORTANT MOLECULAR DESCRIPTORS

NONLINEARITIES

ii) -progestogen activity exhibits high degree of nonlinear (parabolic) functional dependence on some
molecular descriptors (no. double bonds, no. delocalized electrons, substituent size, etc.)

TREATMENT OF THE NONLINEARITIES

iif) -nonlinearity of progestogen QSARS can be treated well sing linearization of descriptors and then
treating them by some linear method like PLS (our PLS models are satisfactorily well and predicted well not
measured activities of some progestogens)

QUANTIFICATION OF SUBSTITUTIONS AT C6

iv) -sterical relationships of C6(sp?) or C6(sp?) S(Met 801) can be quantified

USE OF A PRIORI AND MOLECULAR GRAPHICS&MODELING DESCRIPTORS

v) -besides computed molecular descriptors by some quantum chemical or QSAR software, a priori and
molecular graphics&modeling descriptors can be very much useful in QSARS and they are not time-
consuming nor need sophisticated software

/A COMBINED STUDY ADVANCES

vi) — chemometric study combined with molecular graphics&modeling and structural studies is an excellent
choice, which enables to treat well small data sets (like set 1) and helps to interprete the 3D nature of
molecular descriptors

i) -progestogen activity depends primarily on double bond contents (or better to say: the number of electrons involved in
delocalization) and resonance effects icity: conjugation, jugation, including which
de ine ele properties

OTHER IMPORANTAT DESCRIPTORS
ii) ~progestogen activity depends also on substitution site and substituent characteristics (its size, conformational and
electronic properties), and finally on progesterone receptor molecular structure and its flexibility

THE MOST COMMON AND THE MOST IMPORTANT SUBSTITUTIONS

i) -substituents at C6(sp?) or C6(sp?)-a can enhance or weaken the binding due to sterical interactions with S(Met 801)
THE PROGESTOGEN QSARS DIMENSIONALITY

iv) -QSARs of h

THE FINAL GOAL OF THE GOAL OF THE RESEARCH
We believe that our contribution can be used in further study of progestogens to apply them in health research and
veterinary medicine
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