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Experimental and Theoretical Studies on Interaction of Estrogens and Cyclodextrins as a Receptor Model
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Summary

The molecular inclusion of estrogens with -, and dimethy-§, and trimethyl-S-cyclodextrins(CD) in aqueous
solution was investigated by fluorescence measurements at different temperatures. The binding constants were
calculated for each system imposing a 1:1 stoichiometry. Dimethyl-5-CD showed the highest binding constant
among the three complexes. The fitness of the guest to the cavity of CD was suggested to affect the binding
constant. Based on the temperature dependence of the binding constants at different temperatures, the entropy
and enthalpy changes were calculated for the complex formation and contribution of entropy to the process
was discussed. Molecular modeling studies were performed by means of Monte Carlo Simulation on Molecular
Mechanics in order to determine the preferred complex formation of cyclodextrins and estrogen molecules.
The formation of the complex involves the phenyl group of the guest molecules which mainly interact with
electrostatic interaction and hydrophobic interaction by van der Waals forces. Molecular mechanics(MM)
calculations served to investigate the molecular inclusion. The more energetically stable complexes by inclusion
with CD calculated based on semiempirical molecular orbital (MO) were obtained compared with CD and
estrogen alone, respectively. The structural information about the preferred complex formation by inclusion from
the MO calculations was also obtained and the results were compared with experimental data.
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Figure 1 Human Estrogen Receptor Ligand-Binding Domain
In Complex with 1,7-Estradiol (Molecule: Estrogen
Receptor; Chain : A)
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Figure2 Reciprocal Plots of Fluorescence Changes of 1a and 1b on Complexation with CD Hosts at 25T
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Table 1 Binding constants inclusion of estrogens(l) with CD(2)
in aqueous solution at 25C#
B-CD(2a) DM-B-CD(2b) TM-B-CD(2c)

Estradiol (1a) Ks 53000 212000 7700
Rel .K, 1 4 0.145
Estriol(1b) Kb 31000 131000 3500
Rel K, 1 4.23 0.113

a) At pH 7.0, 0.01 M phosphate buffer.
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Figure 3 Van'‘t Hoff's Plot s of Binding Constants for Complex Formation

Table 2 Thermodynamic quantities for complex formation of
estrogens(l) and CD(2)

AH(Keal/mol) AS(cal/Krmol) AG(Keal/mol)?

B-(D(2a) Bstradiolla) ~ -5.59 -2.67 -4.80
Estriol (1b) -8.44 -8.51 -5.90
DM-B-CD(2b) Bstradiol(la)  -7.53 -0.93 -7.24
Estriol (1b) -9.18 ~7.34 -7.00
TH--CD(2c) Estradiol (la)  -7.44 -7.03 -5.35
Bstriol (1b) -12.70  -25.90 -4.95
a) At 208.1 K
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Table 3 Total energies of 1a and 1b obtained by monte carlo
simulation?)

Estradiol (1a) Estriol (1b)
Molecule E(kcal/mol) Rel.E(kcal/mol) E(kcal/mol) Rel.E(kcal/mol)
58.9631 0.0000 78.7432 0.0000
59.0215 0.0584 78.8024 0.0592
59.0660 0.1028 78.8578 0.1146
60.2720 1.3089 78.9187 0.1755
60.3680 1.4048 79.8450 1.1018
60.5310 1.5679 79.9171 1.1739
60.5948 1.6317 80.0425 1.2993
61.0553 2.0921 80.0760 1.3328
61.0768 2.1137 80.1862 1.4430
10 62.6215 3.6584 80.2134 1.4702
11 62.6898 3.7267 80.2671 1.5239
12 65.7938 6.8306 80.5598 1.8166
13 65.8781 6.9149 81.0293 2.2861
14 66.0860 7.1229 81.4450 2.7018
15 66.2020 7.2389 81.4666 2.7234
16 66.6023 7.6392 81.5416 2.7984
17 66.6225 7.6593 81.9281 3.1848
18 68.2959 9.3328 82.1147 3.3715
19 68.3996 9.4365 82.1998 3.4566
20 68.4295 9.4664 82.2162 3.4729

a) Based on MM calculation (MMFF force field).
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Figure 5 Molecular Docking Structures of Estradiol(la) and Figure 6 Sketch of the Different Topologies for the Entry of
Estriol(1b). the Guest Molecule into the Cavity of CD Host.

Table 4 Total energies of CD(2)-estradiol(la) complexes obtained by monte carlo simulation?

p—CD(2a) a b C d
E(kcal/mol) Rel.E(kcal/mol) E(kcal/mol) Rel.E(kcal/mol) E(kcal/mol) Rel.E(kcal/mol) E(kcal/mol) Rel.E(kcal/mol)
1 660.9819 0.0000 656.7574 0.0000 641.8160 0.0000 651.8246 0.0000
2 657.2873 0.5299 648.8009 6.9849
3 657.3918 0.6344 649.5965 7.7805
4 660.0633 3.3060
5 662.5377 5.7804
6 663.6189 6.8615
7 665.0669 8.3096
8 665.6252 3.8678
9 666.0414 9.2841
10 666.5805 9.8231
DM-B —CD (2b) a b c d
E(kcal/mol) Rel.E(kcal/mol) E(kcal/mol) Rel.E(kcal/mol) E(kcal/mol) Rel.E(kcal/mol) E(kcal/mol) Rel.E(kcal/mol)
1 723.7435 0.0000 718.9355 0.0000 725.4119 0.0000 729.9758 0.0000
2 726.3072 2.5638 725.5296 6.5941 727 .1665 1.7546 735.1347 5.1589
3 727.1748 3.4313 730.3120 4.9001 737.0247 7.0489
4 727.7963 4.0528 731.4834 6.0715
5 728.0537 4.3102
6 728 .0994 4.3559
7 728.5797 - 4.8362
8 728 .8742 5.1307
9 732.6303 .8.8869
T™M-8-CD (2c)
a b c d
E(kcal/mol) Rel.E(kcal/mol) E(kcal/mol) Rel.E(kcal/mol) E(kcal/mol) Rel.E(kcal/mol) BE(kcal/mol) Rel.E(kcal/mol)
1 774 .9873 0.0000 775.3691 0.0000 772.7731 0.0000 774.7742 0.0000
776.4015 1.0324 784 .6303 9.8561
3 779.4047 4.0357

a) Based on MM calculation (MMFF force field).
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Figure 7 Computer-generated Molecular Models of Three Comp- lexes Detected for the CD Hosts and Estrogens

Table 5 Change in the energies and their components of
complex formation of estradiol with CD hosts.2>9

B-CD DM--CD TM-5-CD
Totals -24.4104 -24.2901 -20.8999
Stretching 0.2546 -0.3356 0.2880
Bending 2.4395 -0.5431 2.6763
Stretch-Bend 0.2281 0.2108 0.3402
Qur-0f-Plane 0.0219 0.00231 0.0119
Tors. 1.048 5.051 -0.379
Elect.
1-4 Interactions -3.534 1.185 0.603
Nonbonded -9.118 -16.681 -12.438
Vdw
1-4 Interactions -0.4761 0.4911 0.4713
Nonbonded -15.2775 -13.6710 -12.4730

a)Based on MM(MMFF force field) calculation.

b)Kcal/mol .

c)Change in the energyltotal energy of inclusion compound
(Host-Guest)]-[(total energy of Guest)+(total energy of Host)].

Table 7 Changes in the energy for complex formation of

estradiol(la) with CD

HEAT OF TOTAL ELECTRONINC CORE-CORE
Complexes  FORMATION ENERGY  ENERGY REPULSION
(KCAL) (EV) (EV) (BV)
B-CD(2a) -5.4047 -0.2343 -100031.9077 100031.6733
DM-B-CD(2b) -5.5262 -0.2306 -112338.5333 112338.2936
TM-B-CD(2¢c) —4.9809 -0.2159 -107065.8033 107065.5874

a) Based on mopac(PM5) calculation

b) Charge in the total energy [total energy of the inclusion
compound (Host-Guest) 1-[ (total energy of Host)+
(total energy of Guest)]

Table 6 Calculated molecular properties for hosts, guests, and their complexes®

HEAT OF TOTAL ELECTRONIC  CORE-COREC EHoMo ELuMo
B-CD(2a)-Estradiol (1a) FORMATION ENERGY ENERGY REPULSION
(KCAL) (EV) (EV) (EV) (EV) (EV)
Estradiol (1a) -120.4654 -3083.6262 -24290.4761  21206.8497 -8.599 0.573
p-CD(2a) -1579.0589 -15811.8343 -234243.1944  218431.3600 -10.364 -0.654
p-CD-Estradiol ~1704.9291 -18895.6950 -3568565.5781 339669. 8831 -8.846 -0.556
a) Based on mopac(PM5) calculation
HEAT OF TOTAL ELECTRONIC CORE-COREC Exomo ELUMO
DM-8 -CD(2b)-Estradiol (1a) FORMATION ENERGY ENERGY REPULSION
(KCAL) (EV) (BV) (EV) (EV) (EV)
Estradiol (1a) -120.4567 -3083.6259 -24290.2801  21206.6542 -8.618 0.542
DM- 8 -CD(2b) -1479.8949 ~-17896.5201 -312428.0463 294531.5262 -9.958 -0.319
DM- g -CD-Estradiol -1605.8779 -20980. 3856 -449056.8597 428076.4741 -8.749 -0.250
a) Based on mopac(PM5) calculation
HEAT OF TOTAL ELECTRONIC CORE-COREC EHoMo ELMo
TM-5-CD(2¢c)-Estradiol (1a) FORMATION ENERGY ENERGY REPULSION
(KCAL) (BV) (BY) (V) (EV) (EV)
Estradiol (1a) -116.1435 -3083.4388 -24307.3087  21223.8698 -8.598 “0.59%4
TM-B-CD(2¢c) -1415.4214 -18938.2171 -360197.0884 341258.8713 -9.612 0.100
TM-p-CD-Estradiol -1536.5459 -22021.8720 -491570.2005 469548 .3285 -8.402 -0.175

a) Based on mopac(PM5) calculation.
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£ -CD(2a)-Esrtadiol (1a)

DM- #-CD(2b)-Esrtadiol (1a)

TM- g -CD(2¢)-Esrtadiol (1a)

Figure 8 Optimized Molecular Structures of Complexes obtaind by MO Calculation(PM5). (Broken Lines show Hydrogen Binding Interaction)
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