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Abstract—Considering importance of developing selective estrogen receptor modulators (SERMs), the present paper explores selec-
tivity requirements of tetrahydroisoquinoline derivatives for binding with ER,, versus ERg receptors using E-state index and physi-
cochemical parameters. The best model [z =21, 0*>=0.512, Ri =0.613, R=0.819, F=11.6 (df 3,17)] for ER, binding data
obtained from radioligand binding assay showed importance of C;, C;5 and lipophilicity (logP) while the best model [n = 21,
0% =10.768, R2=0.796, R=0.904, F=40.1 (df 2,18)] for ERg binding data showed importance of C; and molar refractivity
(MR). While modeling ER,/ERg selectivity [n = 21, 0% =0.695, R2=0.739, R =0.882, F = 19.8 (df 3,17)], C;, C,5 and molar refrac-
tivity were found to be significant contributors. The data obtained from cellular transcription assay were also modeled. In case of
ER,, the best equation involving E-state values of C; and C,4 and log P explained 62.1% of the variance while the best equation for
ERg involving E-state values of C; and C;s and MR explained 64.6% of the variance of the response variable. In case of ER,/ERg
selectivity, the best equation involving E-state values of Og, Cy4 and N,; showed 48.3% explained variance, which increased to 63.5%
on deletion of single outlier. From the analysis it appears that the nitrogen atom of the aminoethoxyphenyl substituent and 6-
hydroxy substituent of the tetrahydroisoquinoline nucleus play important roles for ER,/ERy selectivity in addition to R; and R,

substituents.
© 2004 Elsevier Ltd. All rights reserved.

Estrogenic effects have been primarily related with the fe-
male reproductive organs and are mediated principally
through the estrogen receptor (ER). Estrogens also have
direct effect on other tissues, for example, they are known
to be present in specific cells of the skeletal and cardio-
vascular systems.!> ER is a member of the nuclear hor-
mone receptor superfamily.® Different ER-ligands
induce distinct structural changes in the receptor that
influence its ability to interact with other proteins critical
for the regulation of target gene transcription. The ER
selectivity reflects the diversity of estrogen receptor
forms and regulators and the diversity of ER target
genes. The principal endogenous ligand for ER in most
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species is 17-f estradiol. The biological effects of estro-
gens are known to be mediated by two receptors referred
to as estrogen receptor-o. (ER,) and receptor-f (ERp).*
The existence of these two subtypes provide possible
explanation for the tissue-selectivity.”> The two receptors
differ in size, with ER,, having 595 amino acids and ERp
having 485 amino acids. The predominant ER in the fe-
male reproductive tract and mammary glands is ER,,
whereas ERg is the primary ER in vascular endothelial
cells, bone and male prostrate tissues. The compounds
that have the potential to modulate selectivity of the dif-
ferent estrogen target tissues are known as selective
estrogen receptor modulators (SERMs).* An aryl substi-
tuted pyrazole derivative was reported to be the first
agent that could discriminate between ER,, and ER g sub-
types.® This compound was found to have 120-fold high-
er potency to stimulate ER,, than ER 3. The binding sites
of ER, and ERg differ in two amino acids (Leu and Met
in o subtype are replaced by Met and Ile respectively in
ERp).” The existence of two rather than one ER makes
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the mechanism of action of estrogens and antiestrogens
(SERMs) more complex.® Estrogens, upon binding to
its high-affinity receptor (or receptors), trigger expression
of multiple genes involved in the regulation of cell prolif-
eration and differentiation.’ Unlike estrogens and anties-
trogens, the SERMs exert selective agonist or antagonist
effects on different estrogen target sites.'®!'! This unique
effect of SERMs may be due to following three mecha-
nisms: (i) differences in estrogen receptor expression in
different tissues; (ii) differences in estrogen receptor con-
formation on ligand binding and (iii) differences in
expression and binding to estrogen receptor of coregula-
tory proteins. ER, is always activator, whereas ERg
inhibits the actions of estrogen. Therefore, the relative
level of expression of these two types of receptors will
affect the cellular responsiveness to SERM:s.

A number of SERMs are currently in clinical trials and
two compounds of this category, tamoxifen and raloxif-
ene, are presently in the market for the treatment of hor-
mone-dependent breast cancer'!!? and prevention and
treatment for osteoporosis.'> However, both these
agents have been linked to increased risks of thrombo-
embolism and tamoxifen has been shown to increase
the risk of endometrial cancer.!*!> Hence the search
for more tissue specific analogues continues, so as to de-
velop distinct SERMs with lesser side effects. Recently
tetrahydroisoquinolines'® have been reported as potent
ER, selective ligands. The present paper explores selec-
tively requirements of tetrahydroisoquinoline deriva-
tives'® for binding with ER, versus ERp receptors
using atom level E-state index and physicochemical
parameters (hydrophobicity log P and molar refractivity
MR). Both radioligand binding (RLB) assay and estro-
gen response element (ERE) assay data were modeled in
the present analysis. The biological activity values [ICs,
(nM)] were first converted to logarithmic scale [pICsg
(uM)] and then used for the QSAR modeling.

Topological models directly give structural information
to guide design of new molecules.!” The electrotopolog-
ical state (E-state) of atoms has been reported to be of
importance in elucidating the important atoms or sub-
structure in drug-receptor interactions.'® 23 An atom
in a molecule is part of a field of information with regard
to electronic influences and topological surround-
ings.'®2* Quantification of influence of this field on
any atom can correlate to the biological performance
of a molecule. The contribution of an atom can be ex-
pressed as the electrotopological state (E-state),?> math-
ematically defined as

S,' = 1,‘ + AI,' Where,
AL =Y (I =1)/r,

I is the intrinsic state of an atom, A/, is the perturbation
effect, N is the principal quantum number, J is the num-
ber of sigma electrons on the atom (excluding those
bonding to hydrogen), 6" is the number of valence elec-
trons (excluding those bonding to hydrogen), i and j are
serial numbers of atoms and r;; is the shortest graph dis-
tance between two atoms i and j plus one.

I=[(2/N)*6" +1]/6 and

Figure 1. General structure of tetrahydroisoquinoline derivatives:
common atoms are numbered 1-27.

In the present work, the atoms of the molecules were
numbered keeping serial numbers of the common atoms
same in all the compounds (as shown in Fig. 1). The E-
state index values (Sy) were calculated using ELECTRO1
program.?® The physicochemical parameter values
(log P and MR) were calculated by Chem Draw Ultra
5.0 software?’ using Crippen’s fragmentation method.?
All compounds considered in the present study contain
27 common atoms (excluding hydrogens). Using the
program AUTOREG,?® all possible combinations of pre-
dictor variables were tried (all-possible-subsets regres-
sion) with a restriction that predictor variables used in
an equation are not much intercorrelated (|r| <0.5).
Using the program RRR98,%° regression coefficients with
corresponding standard errors and various statistical
parameters reflecting quality?® (like explained variance
Ri, correlation coefficient R, standard error of estimate
s, variance ratio F and average of absolute values of
the residuals AVRES) of the equations were found
out. Leave-one-out (LOO) cross-validation® was done
using the programs KRPRES1 and KRPRES2,%° which gen-
erate predicted variance (Q%), predicted residual sum of
squares (PRESS), standard deviation based on PRESS
(SprEss), standard deviation of error of prediction
(SDEP) and average of absolute values of predicted
residuals (Pres,,).

While modeling radioligand binding assay data, the best
model for ER, binding data shows 51.2% leave-one-out
predicted variance while explained variance of the equa-
tion is 61.3%.

[PIC5,)N"® = 0.586(£0.369)S, — 0.096(+0.079)S,5
—0.158(+0.091) log P + 2.764

R2=0.613, R*=0.671,

F =116 (df 3,17),

s=0.112, AVRES = 0.087,

0? =0.512, SDEP =0.122,

Spress = 0.136,  Pres,, = 0.107 (1)

n=21,
R =10.819,

Eq. 1 shows importance of C;, C;5 and lipophilicity
(log P) of the molecules. The positive coefficient of S,
and negative coefficient of S;5 in Eq. 1 indicates that
the ER, binding affinity increases with increase of E-
state value of C; (mainly influenced by R, substituent)
and decrease of E-state value of C;5 (mainly influenced
by R; substituent). Again, the negative coefficient of
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log P indicates that the ER, binding affinity decreases
with increase in lipophilicity.

The best model for ERg binding data (radioligand bind-
ing assay) shows leave-one-out predicted variance of
76.8% while explained variance of this equation is
79.6%.

[PICs)J5 " = —0.629(£0.637)5)
—0.057(£0.013)MR + 8.192

n=21, R*=0.796, R*=0.817,
R=0.904, F =40.1 (df 2, 18),

s =0.205, AVRES = 0.147,

0’ =0.768, SDEP = 0.213,

Spress = 0.231,  Pres,, = 0.169 (2)
From the descriptors appearing in Eq. 2, C; and molar
refractivity (MR) of the compounds are found impor-
tant for ERp binding. However, the coefficient of S is
found to be negative as opposed to the positive coeffi-
cient of §j in Eq. 1. This indicates that the ERg binding
increases as the E-state value of C; decreases. Again, the
negative coefficient of MR indicates that molecular size
has a negative contribution to the ERg binding.

While modeling ER,/ER selectivity, 69.5% leave-one-
out predicted variance and 73.9% explained variance
were obtained and C;, C;5 and molar refractivity were
found to be significant contributors.

[PICs |55 = 1.351(£0.662)S, — 0.187(40.141)Ss
+0.048(£0.013)MR — 4.898

R =0.739, R*>=0.778,

F =19.8 (df 3, 17),

s =0.189, AVRES =0.139,

0> =0.695, SDEP = 0.199,

Spress = 0.221, Pres,, = 0.168 (3)

n=21,
R =0.882,

The coeflicients of different terms in Eq. 3 suggest that
the ER,/ERp selectivity increases as the E-state value
of C; increases (largely influenced by R, substituents)
and E-state value of C;s (largely influenced by R; sub-
stituents) and molecular size decrease. The value of S;
decreases when H at R, position is substituted with
methyl group while the value of S5 decreases in pres-
ence of a p-substituent at Ry position, especially when
the p-substituent is an electronegative atom like F or Cl.

The data obtained from cellular transcription assay
(estrogen response element assay) were also modeled.
In case of ER,, the best equation involving E-state val-
ues of C; and C;4 and log P explained 62.1% of the vari-
ance (LOO predicted variance 56.8%) while the best
equation for ERg involving E-state values of C, and
C;5 and MR explained 64.6% of the variance (LOO pre-
dicted variance 52.6%) of the response variable.

[PICs,R" = —2.281(40.988)s,
+0.209(+£0.208)S 4 — 0.527(=£0.238)
x log P +4.698
n=21, R>=0.621, R>=0.678,
R=0.824, F =119 (df 3,17),
s =0.268, AVRES =0.184,
0* =0.568, SDEP = 0.280,
Spress = 0.311,  Pres,, = 0.220 (4)

[PICs)5 " = —2.058(£1.347)S,

+0.254(+£0.285)S)5
—0.079(+£0.027)MR + 10.529
n=21, R>=0.646, R>=0.699,
R=0.836, F=13.2(df 3,17),
s =0.384, AVRES = 0.286,
0? =0.526, SDEP = 0.434,

Spress = 0.482,

In case of ER,/ERg selectivity, the best equation involv-
ing E-state values of Og, C;4 and N»; showed 48.3% ex-
plained variance (equation not shown), which increased
to 63.5% (predicted variance 49.4%) on deletion of sin-
gle compound (19).

Pres,, = 0.360 (5)

[PICs], ) = 8.462(£3.193)S5 + 0.282(+0.215)S 4
— 8.424(47.647)Sy, — 63.014
n=20, R>=0.635 R®>=0.693,
R=0.832, F =120 (df 3, 16),
s =0.301, AVRES = 0231,
0> = 0.494, SDEP = 0.346,
Spress = 0.387,  Pres,, = 0.291 (6)

Eq. 6 shows that ER,/ERp selectivity increases as the
E-state values of Og and C;4 increase and that for Ny,
decreases. The value of S;4 decreases in presence of
m-substituent at R; position, especially involving
electronegative atoms like F, Cl or O. Though Eq. 6 is
statistically not highly interesting, it indicates the impor-
tance of 6-hydroxy group on the tetrahydroisoquinoline
nucleus, tertiary nitrogen in the side chain and electron
density distribution of the 2-phenyl ring of the tetrahy-
droisoquinoline nucleus (influenced by nature of R; sub-
stituents) for the ER,/ERp selectivity.

The calculated activity values according to Eqgs. 1-6 are
given in Table 1. The intercorrelation (|r|) matrix among
the predictor variables are given in Table 2.

It is to be noted here that disparity is found between the
results of radioligand binding assay and estrogen re-
sponse element assay (e.g., vide sign of the coefficients
of Sy in Egs. 1 and 4), which may be due to influences
of physicochemical parameters on cellular permeability



Table 1. Structural features, observed and calculated data for radioligand binding assay and estrogen response element assay of tetrahydroisoquinoline derivatives

(;/)N’\,O

n

L Pt
=
R, |

2
9@

HO
Sl. no. Substituents Radioligand binding (RBL) assay Estrogen response element (ERE) assay
R, R, n ER,, [pICso (UM)] ERg [pICsy (uM)] Selectivity ER,, [pICso (uM)] ERg [pICsp (uM)] Selectivity
[PICsolx — [PICsolp [PICsols — [PICsolp
Obsd? Calcd® Obsd?® Calcd® Obsd?® Caled? Obsd? Calcd® Obsd? Caled” Obsd? Calcd®

1 H H 1 1.678 1.751 0.780 0.802 0.898 0.946 1.971 1.981 0.536 0.711 1.435 1.293
2 H H 2 1.721 1.683 0.461 0.539 1.260 1.163 1.783 1.762 0.539 0.348 1.243 1.162
3 H CH; 1 1.420 1.457 0.644 0.820 0.776 0.565 2.745 2.874 1.081 1.261 1.664 1.995
4 H CH; 2 1.538 1.389 0.983 0.557 0.555 0.782 2.585 2.657 1.081 0.900 1.504 1.864
5 H CH; 3 1.252 1.323 0.699 0.294 0.553 0.998 2.824 2.445 1.097 0.538 1.727 1.733
6 p-Me CH; 1 1.509 1.452 0.451 0.485 1.058 0.985 2.456 2.647 0.349 0.604 2.107 2.262
7 p-Me CH; 2 1.553 1.386 0.376 0.222 1.177 1.203 2.538 2.435 0.313 0.243 2.224 2.132
8 p-F CHj; 1 1.509 1.577 0.690 0.877 0.818 0.838 2.796 2.961 1.086 0.910 1.710 1.946
9 p-F CH; 2 1.420 1.509 0.499 0.615 0.921 1.055 2.721 2.744 1.036 0.550 1.685 1.816
10 p-Cl CHj; 1 1.569 1.466 0.520 0.586 1.049 0.964 2.481 2.659 0.275 0.661 2.207 2.151
11 p-Cl CH; 2 1.456 1.399 0.402 0.324 1.054 1.181 2.509 2.442 0.258 0.300 2.251 2.020
12 p-iPr CHj; 1 1.357 1.320 —-0.295 —0.047 1.652 1.402 2.585 2.294 —0.697 —0.097 3.282 2.698
13 p-iPr CH; 2 1.149 1.253 —0.567 -0.310 1.715 1.619 2.284 2.077 —0.679 —0.457 2.963 2.567
14 m-OH CHj; 1 1.509 1.484 0.721 0.791 0.787 0.558 3.222 2.968 1.481 1.269 1.740 1.662
15 m-OH CH; 2 1.469 1.416 0.517 0.528 0.951 0.775 3.155 2.751 1.328 0.908 1.827 1.531
16 m-F CH; 1 1.409 1.386 0.910 0.906 0.499 0.458 2.523 2.700 0.703 1.438 1.820 1.467
17 m-Cl CH; 1 1.180 1.344 0.565 0.597 0.615 0.724 2.538 2.446 0.975 0.992 1.563 1.847
18 m-Cl CHj; 2 1.310 1.276 0.547 0.334 0.763 0.940 2.347 2.229 0.799 0.632 1.548 1.715
19 m-iPr CH; 2 1.337 1.168 —0.043 —0.307 1.381 1.454 1.793 1.899 0.308 -0.232 1.485 —
20 m-NMe, CH; 1 1.027 1.166 —0.343 —0.297 1.370 1.446 1.721 1.902 —0.473 -0.217 2.195 2.502
21 m-NMe, H 2 1.149 1.314 —0.493 —0.290 1.642 1.439 1.703 2.407 —0.339 —0.206 2.042 2.370

#Ref. 16.

®From Eq. 1.

°From Eq. 2.

4 From Eq. 3.

°From Eq. 4.

fFrom Eq. 5.

€ From Eq. 6.
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Table 2. Intercorrelation (|r|) matrix

Sl SS S14 S15 S27 IOgP MR
M 1.000 0.502 0.484 0.374 0.241 0.187 0.286
Ss 1.000 0.022 0.137 0.383 0.811 0.953
Sia 1.000 0.102 0.453 0.266 0.096
Sis 1.000 0.372 0.070 0.200
N 1.000 0.497 0.514
log P 1.000 0.884
MR 1.000

and intracellular concentration.!® Furthermore, conform-
ational difference of ligand receptor complexes might
influence the nature of interactions with transcriptional
machinery.'® However, the results of the cellular assay
are believed to be more relevant in the physiological
situation.

From the analysis it appears that the nitrogen atom of
the aminoethoxyphenyl substituent and 6-hydroxy sub-
stituent of the tetrahydroisoquinoline nucleus play
important roles for ER,/ERy selectivity in addition to
R, and R, substituents. However, more data points cov-
ering wider substitutional features and more detailed
analysis would be required to get further insight into
the structure-activity relations and reach a final
conclusion.
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