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HQSAR Analysis on Novel series of 1-(4-Phenylpiperazin-1-yl-2-
(1H-Pyrazol-1-yl) Ethanone Derivatives Targeting CCR1

Pavithra K. Balasubramanian'’ and Seung Joo Cho'?*"

Abstract

The chemokine receptor CCR1 a GPCR super family protein contains seven transmembrane domains. It plays an
important role in rheumatoid arthritis, organ transplant rejection, Alzheimer’s disease and also causes inflammation.
Because of its role in disease processes, antagonism of CCR1 became an attractive therapeutic target. In the current study,
we have taken a novel series of recently reported CCR1 antagonist of 1-(4-Phenylpiperazin-1-yl -2-(1H-Pyrazol-1-yl)
ethanone derivatives and performed a HQSAR analysis. The model was developed with Atom (A) and bond (B) parameters
and with different set of atom counts to improve the model. The results of HQSAR showed good predictive ability in
terms of 1* (0.904) and g¢* (0.590) with 0.710 as standard error of prediction and 0.344 as standard error of estimate. The
contribution map depicted the atom contribution in inhibitory effect. Compound-14 which was reported to be a highly
active compound showed positive atom contribution in three R groups (R%. R* and R) in inhibitory effect, which could
be the reason why this compound is highly active compound whereas, the lowest active compound-6 showed negative
contribution to inhibitory effect.
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1. Introduction

Chemokines are a family of structurally related mol-
ecules that serve primarily to facilitate leucocyte attrac-
tion and migrationt?. Chemokines are produced by a
wide variety of cells, which includes professional
immune cells, tissue cells and intrinsic renal cells!™!.
Chemokines are small water-soluble proteins approxi-
mately 8-10 kDa consisting of 340-380 amino acid res-
idues. Chemokines produce various leukocyte responses
liable on the complementary nature of their chemokine
receptors!**],

Chemokines effectively mediate inflammation by the
recruitment and activation of specific leukocyte subpop-
ulations such as macrophages, T and B lymphocytes,
eosinophils, basophils and neutrophils®. The biological
activities of CCR1 is exerted by binding to specific
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chemokine receptors belonging to the G protein-cou-
pled receptor (GPCR) superfamily on the target cell
plasma membrane. Based on the arrangement of two
conserved cysteine residues near the N-terminus, Chem-
okines are divided into four subfamilies (CC, CXC, C
and CX3C)7). Few family members are also involved
in viral entry and angiogenesis!'”. It was also reported
that, a subset of chemokine receptors plays a non-redun-
dant role in infectious diseases, as proven by resistance
to human immunodeficiency virus/acquired immunode-
ficiency syndrome (HIV/AIDS) in CCR5 homozygous
peoplel!13],

The chemokine receptor CCRI1 belongs to GPCR
super family that contains seven transmembrane
domains!'®. CCR1, the first CC Chemokine receptor to
be identified, plays important role in host defense and
inflammation. Antagonism of CCRI is an attractive
therapeutic target because of its role in rheumatoid
arthritis, organ transplant rejection, Alzheimer’s disease
in terms of disease processes!'”.. Chemokine receptor 1
(CCR1) is predominantly expressed on monocytes, T
cells, dendritic cells and neutrophils. The CCR1 protein
consists of 355 amino acid residues and belongs to the
peptide subfamily of the Class-A GPCR family. At least

- 163 -



164 Pavithra K. Balasubramanianl and Seung Joo Cho

11 different ligands (chemokines) interact with CCR1,
including CCL3 (MIP-1a), CCL5 (RANTES), CCL7
(MCP-3), CCL8 (MCP-2), CCL14 (hemofiltrate CC
chemokine-1), CCL15 (leukotactin-1), CCL16 (hemo-
filtrate CC chemokine-4) and CCL23 (myeloid progen-
itor inhibitory factor-1). Although this apparent
redundancy and randomness may complicate the valu-
ation of the roles of chemokines and receptors in dif-
ferent tissues and disease stages, the biological effects
of the two main CCRI1 ligands CCL3 (MIP-1a) and
CCLS (RANTES) play important roles in the develop-
ment and progression of autoimmune diseases. Thus,
the role of CCL3 and CCL35 in multiple sclerosis'® '),
rheumatoid arthritis (RA) 2°%2 psoriasis’®! and the
induction of robust cell infiltration in vivo are believed
to be facilitated mainly through CCRI.

Several small molecule antagonists of CCRI have
been described to date. Recently, Zhang et al., reported
a series of 1-(4-Phenylpiperazin-1-yl -2-(1H-Pyrazol-1-
yl) ethanone derivatives targeting CCR1%! which was
taken for the present study. Previously our group has
reported several short reviews covering different in sil-
ico applications such as Pseudoreceptors, development
of search algorithm in docking and importance of partial
charges?*2®!. Continuing the group effort, in the present
work, HQSAR was used to develop a model to identify
the vital group or atom that cause CCR1 antagonism.
Our result could be helpful to find novel 1-(4-Phenyl-
piperazin-1-yl-2-(1H-Pyrazol-1-yl) ethanone derivatives.

2. Experimental Sections

2.1. Dataset

The dataset was selected from reported literature!®”!
comprised of 56 compounds (Table 1, 2 & 3). The
Inhibitor constant values were converted to minus log-
arithmic scale value (pICs,) as a dependent variable for
HQSAR by using the formula pICsy= -log (ICsp). Com-
pounds 32, 51 and 53 were considered as outliers and
were excluded from the dataset to avoid overfitting. All
the molecules were built using Sketch program in
Sybylx2.0 and their energies were minimized using Tri-
pos force field. The dataset was then used for HQSAR
analysis.

2.2. HQSAR
HQSAR (Hologram QSAR) offers the ability to rap-
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Table 1. Structure and biological values of 1-(4-
phenylpiperazin-1-yl -2-(1H-pyrazol-1-yl) ethanone deriv-
atives targeting CCR1

R3
N\
rY N N—<¥ Ne. - F3
/ ”;j[
6 —
R cl
HsC

Compound R} R* R’ pICso
1. H F H 6.512
2. H H H 5.251
3. H cl H 7.008
4, H Br H 6.739
5. H Me H 5.437
6. H OMe H 4.494
7. H CFs H 5.008
8. H NO, H 5.248
9, H SO,Me H 5.193
10 Me H H 5.481
11 OMe H H 5.568
12 cl H H 4.958
13 Me cl H 7.000
14 OMe cl H 8.397
15 OFt cl H 7.920
16 O-i-Pr cl H 7.113
17 OMe cl Me 6.970
18 OMe cl F 8.301
19 OMe cl cl 8.000
20 OMe cl Br 7.853
21 OMe cl CO.H 6376
22 OMe Cl CONH, 7.284
23 OMe Cl  CONHMe 6677
24 OMe Cl  CONMe, 6.657
25 OMe Cl CH,OH  7.920
26 OMe Cl  CHNH, 7.795

idly and easily generate QSAR models of high statisti-
cal quality and predictive value. HQSAR does not
require the 3D Structure of Bioactive conformation. The
Principle of HQSAR is that since the structure of the
molecule is encoded within its 2D Fingerprint and that
structure is the key determinant of all molecular prop-
erties including the biological activity, it should be pos-
sible to predict the activity of the molecule from its
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Table 2. Structure and biological values of 1-(4-
phenylpiperazin-1-yl -2-(1H-pyrazol-1-yl) ethanone deriv-
atives targeting CCR1

Table 3. Structure and biological values of 1-(4-
phenylpiperazin-1-yl_-2-(1H-pyrazol-1-yl) ethanone deriv-
atives targeting CCR1

MeO

/ \ g 3
Ra
Cl N N—<_ N
/ T
N;;E
—
o R4a
R

Compound R R4 R pICso
14. CF; Cl Me 8.397
27. CF; H Me 7.721
28. CF; F Me 8.301
29. CF; Br Me 8.096
30. CF; 1 Me 8.154
31. CF; CN Me 8.221
32. CF; NHAc Me 6.301
33. CF; Cl H 7.744
34. CF; Cl CF; 6.130
35. CF, Cl i-Pr 5.958
36. CF; Cl Ph 5.468
37. CF; Cl CH,OH 8.000
38. CF; Cl CH,NH,  7.301
39. CF; Cl CH,NMe, 7.327
40. CF; Cl CH,NHAc 7.167
41. H Cl Me 6.920
42. Me Cl Me 7.397
43. i-Pr Cl Me 8.096
44, 20H-i-Pr Cl Me 7.795
45. Br Cl Me 7.699
46. CN Cl Me 8.000
47. SO,Me Cl Me 8.000
48. NH, Cl Me 6.468
49. CH,OH Cl Me 7.013
50. CH,NH, Cl Me 6.920
51. CO,H Cl Me 5.284

fingerprint. These molecular fingerprints are broken into
strings at fixed intervals as specified by a hologram
length (HL) parameter. The HL determines the number
of bins in the hologram into which the fragments are
hashed. The optimal HQSAR model was derived from
screening through the 12 default HL values, which were
a set of 12 prime numbers ranging from 53-401. The
model development was performed using the following
parameters: atom (A), bond (B). The validity of the

MeO

I\ _7
cl N N4<_ N CF3

—

g% 2 >;(CI
HaC
Compound R?® R® pICso

14. H H 8.397
52. (R)-Me H 7.431
53. (S)-Me H 8.699
54 (S)- CHOH H 7.958
55. H (R)-Me 7.036
56. H (S)-Me 7.638

model depends on statistical parameters such as r°, ¢
by LOOP,

3. Results and Discussion

3.1. HQSAR Analysis

The HQSAR model with good predictive ability in
terms of r* and g° was developed. The model was devel-
oped with Atom (A) and bond (B) parameters with
BHL=151. The selected model showed a q* of 0.590
and an 1* of 0.904 with 0.710 as standard error of pre-
diction and 0.344 as standard error of estimate. The sta-
tistics obtained was found to be satisfactory. PLS results
are summarized in Table 4. The actual and predicted
activities of the entire dataset of molecules are given in
Table 5. The graph of predicted versus actual activities
for the entire dataset of molecules is shown in Fig. 1.
The highest q* value obtained for parameters A/B was
explored with an optional atom count (4-10) for further
improvement of q° A noticeable difference was
observed in the statistical parameters with different
atom counts for model A/B (Table 6). A standard color
coding system was used to indicate atomic contributions
in the HQSAR model (Fig. 2.). Unfavorable and nega-

Table 4. Statistical PLS results of HQSAR
N q2  StdErr 12 SEE BHL

HQSAR 5 0590 0.710 0904 0.344 151

J. Chosun Natural Sci., Vol. 6, No. 3, 2013
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Table 5. Actual and predicted pICs, by HQSAR model

Table 5. Continued

Name ACTUAL PREDICTED Name ACTUAL PREDICTED
CPDO1 6.512 6.050 CPD46 8.000 7.578
CPDO02 5.251 5.516 CPD47 8.000 8.134
CPDO03 7.008 7.101 CPD48 6.468 6.689
CPD04 6.739 6.037 CPD49 7.013 7.482
CPDO5 5.437 5.430 CPD50 6.920 7.124
CPD06 4.494 4.482 CPD52 7.431 7.668
CPDO07 5.008 5.178 CPD54 7.958 7.978
CPDO08 5.248 5.081 CPD55 7.036 7.425
CPD09 5.193 5.173 CPD56 7.638 7.425
CPD10 5.481 5.430

CPDII 5.568 5.582 HQSAR Scatter plot

CPD12 4.958 5.739 .

CPDI13 7.000 7.647 85

CPD14 8.397 7.406 &

CPD15 7.920 8.000 g

CPD16 7.113 7.424 P

CPDI17 6.970 7.464 2.

CPD18 8.301 8.362 ass

CPD19 8.000 7.695 ’

CPD20 7.853 8.020 ‘f

CPD21 6.376 6.861 4 B B 7 8 9
CPD22 7.284 6.979 Actual picso

CPD23 6.677 6.683 Fig. 1. Scatter plot diagr.am for HQSAR analysis. Plot
CPD24 6.657 6.499 shows the actual and predicted pICs, of compounds.
CPD25 7920 7507 tive contribution to the activity were denoted by red,
CPD26 7793 7433 red-orange and orange, while, yellow, green-blue and
CPD27 7721 7850 green indicated favorable or positive contribution to the
CPD28 8.301 8.313 activity. White showed an intermediate contribution to
CPD29 8.09 7840 activity. For study of atomic contribution, molecules
CPD30 8.154 7.987 were selected based on their activity profile.

CPD3I 8.221 8.511 All the molecules in the dataset had a common sub-
CPD33 7.744 7.583 structure and varied only in R®, R*, R®, R®, R*, R R?
CPD34 6.130 6.095 and R*® substructure. The contribution map for the
CPD35 5.958 3.937 highly active compound 14 (Fig. 2.) showed that the
CPD36 5.468 5.654

CPD37 8.000 7.870 Table 6. Statistical parameters obtained for model with
CPD38 7.301 7.352 different atom counts. Model with highest q* chosen for
CPD39 7.327 7.170 HQSAR is marked bold

CPD40 7.167 7.303 Atom N ¢ SdEmr P SEE  BHL
CPD41 6.920 7.149 count

CPD42 7.397 7.206 4-7 5 0516 0771 0903 0345 307
CPD43 8.096 7537 5-8 5 059 0.710 0.904 0344 151
CPD44 7.795 7.994 6-9 3 0515 0756 0.771 0520 199
CPD45 7.699 7.464 7-10 4 0508 0.770 0.850 0.424 151
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Highly Active Compound-14

Fig. 2. HQSAR atomic contribution map. Map is shown for highly active compound-14 and lowest active compound-06.

hydrogen in R® and R* side chain contributed posi-
tively to activity (pICs,=8.397), whereas the remainder
displayed an intermediate contribution to activity. In
contrary, the contribution map (Fig. 2.) for the lowest
active compound 06 (pICs;=4.494) indicated that, the
R? and R* substituent contributed negatively to the
inhibitory effect while no positive contribution from the
other R group. We have also considered few com-
pounds from active, medium active and low active pro-
file to see their contribution in inhibitory effect.
Compound 28 (pICs,=8.301), which has the second
highest activity showed positive contribution from RS,
R* and R? with intermediate contribution from other
R groups. Similarly, the compounds from the highly
active series, such as compound 18 (pICs=8.301),
31(pICs=8.221), 43(pICs,=8.154), 29(pIC5,=8.096) and
47(pIC5,=8.000) showed positive contribution from R,
R? and R with intermediate contribution from other
R groups and no negative contribution from any group
at all.

On the other hand, the compounds from medium
active series such as compound 49(pICs=7.013),
16(pICsy=7.113), 55(pICs=7.036), 40(pICs,=7.167), 22
(pICs50=7.284), 38(pICs5,=7.301) showed positive contri-
bution in R*®* and R?® with intermediate contribution

from the rest of the R groups. Whereas, compounds
from low active series such as compound 12(pICs,
=4.958), 7(pICs,=5.008), I(pICs5x=5.193), 8(pICs;=5.248),
2(pICsp=5.251), 5(pICso=5.437) and 36(pICs;=5.468)
showed no positive contribution in any of the R groups
and also showed negative contribution on R?® and R*®
groups with intermediate contribution in other groups.
This might be the reason why these molecules are poor
in activity and have less inhibitory effect.

4. Conclusion

The HQSAR analysis reveals that the more the pos-
itive contribution in the R group, the more the com-
pound is highly active. Medium active compounds have
intermediate contribution in the R group with one or no
negative contribution. Whereas, low active compounds
possess negative contribution to the most and had no
positive contribution to the inhibitory effect. Fragment
analyses of HQSAR can carried out as further work to
avail the compound modification guidelines. This could
be helpful to design a novel high active compound. The
presently-developed HQSAR model aids the identifica-
tion of the functional groups & atoms and highlights
their importance and contribution to inhibitory potency.

J. Chosun Natural Sci., Vol. 6, No. 3, 2013



168

(1]

[2]

B3]

(4]

(5]

[6]
[7]

(8]

(%1

[10]

[11]

Pavithra K. Balasubramanianl and Seung Joo Cho

References

M. Baggiolini, “Chemokines and leukocyte traffic”,
Nature, Vol. 392, pp. 565-568, 1998.

A. D. Luster, “Chemokines: chemotactic cytokines
that mediate inflammation”, N. Engl. J. Med., Vol.
338, pp. 436-445, 1998.

S, Segerer, P. J, Nelson, and D. Scholondortf,
“Chemokines, chemokine receptors, and renal dis-
ease: from basic science to pathophysiologic and
therapeutic studies”, J. Am. Soc. Nephrol., Vol. 11,
pp. 152-176, 2000.

T. Mirzadegan, F. Diehl, B. Ebi, S. Bhakta, 1. Pol-
sky, D. McCarley, M. Mulkins, G.S. Weatherhead,
JM. Lapierre, J. Dankwardt, D. Jr Morgans, R. Wil-
helm, and K. Jarnagin ‘Identification of the binding
site for a novel class of CCR2b chemokine receptor
antagonists: binding to a common chemokine recep-
tor motif within the helical bundle™, J. Biol. Chem.,
Vol. 275, pp. 25562-25571, 2000.

C. L. Tsou, W. Peters, Y. Si, S. Slaymaker, A. M.
Aslanian, S. P. Weisberg, M. Mack, and LF. Charo
“Critical roles for CCR2 and MCP-3 in monocyte
mobilization from bone marrow and recruitment to
inflammatory sites”, J. Clin. Invest., Vol. 117, pp.
90-909, 2007.

C. Gerard and B. J. Rollins “Chemokines and dis-
ease”. Nat. Immunol., Vol. 2, pp. 108-115, 2001.
P. M. Murphy, M. Baggiolini, I. F. Charo, C. A.
Hebert, R. Horuk, K. Matsushima, L.H. Miller, J.J.
Oppenheim, and C. A. Power, “International union
of pharmacology. XXII. Nomenclature for chemok-
ine receptors”, Pharmacol. Rev., Vol. 52, pp. 145-
176, 2000.

P. M. Murphy “International union of pharmacology.
XXX. Update on chemokine receptor nomencla-
ture”, Pharmacol. Rev., Vol. 54, pp. 227-229, 2002.
A. Zlotnik and O. Yoshie “Chemokines: a new clas-
sification review system and their role in immu-
nity”. Immunity. Vol. 12, pp. 121-127, 2000.

M. Imai, T. Shiota, K. Kataoka, C. M. Tarby, W. J.
Moree, T. Tsutsumi, and M. Sudo, “Small molecule
inhibitors of the CCR2b receptor. Part 1: discovery
and optimization of homopiper-azine derivatives”,
Bioorg. Med. Chem. Lett., Vol. 14, pp. 5407-5411,
2004.

W. J. Moree, K. 1. Kataoka, M. M. Ramirez-Wein-
house, T. Shiota, M. Imai, M. Sudo, and T. Tsut-
sumi, “Small molecule antagonists of the CCR2b
receptor. Part 2: discovery process and initial struc-
ture—activity relationships of diamine derivatives”,

J. Chosun Natural Sci., Vol. 6, No. 3, 2013

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Bioorg. Med. Chem. Lett., Vol. 14, pp. 5413-5416,
2004.

S. P. Weisberg, D. Hunter, R. Huber, J. Lemieux, S.
Slaymaker, K. Vaddi, I. Charo, R. L. Leibel, and
A.W. Jr. Ferrante, “CCR2 modulates inflammatory
and metabolic effects of high-fat feeding”, J. Clin.
Invest., Vol. 116, pp. 115-124, 2006.

C. Rolland, R. Gozalbes, E. Nicolai, M.F. Paugam,
L. Coussy, F. Barbosa, D. Horvath, and F. Revah,
“G-protein-coupled receptor affinity prediction
based on the use of a profiling dataset: QSAR
design, synthesis, and experimental validation”. J.
Med. Chem., Vol. 48, pp. 6563-6574, 2005.

T. A. Berkhout, F. E. Blaney, A. M. Bridges, D. G.
Cooper, 1. T. Forbes, A. D. Gribble, PH.E. Groot,
A. Hardy, R. J. Ife, R. Kaur, K. E. Moores, H. Shil-
lito, J. Willetts, J. Witherington, “CCR2: Character-
ization of the antagonist binding site from a
combinedreceptor modelingmutagenesis approach”,
J. Med. Chem., Vol. 46, pp. 4070-4086, 2003.

T. G. Marshall, R. E. Lee, and F. E. Marshall “Com-
mon angiotensin receptor blockers may directly
modulate the immune system via VDR, PPAR and
CCR2b”. Theor. Biol. Med. Model., Vol. 3, p. 1,
2006.

F. L. Mendonaca, P. C. A. Fonseca, R. M. Phillips,
J. W. Saldanha, T. J. Willliams, and J. E. Pease
“Site-directed mutagenesis of CC chemokine
receptor 1 reveals the mechanism of action of UCB
35625, a small molecule chemokine receptor
antagonist”, J. Biol. Chem., Vol. 280, pp. 4808-
4816, 2005.

N. Vaidehi, S. Schlyer, R. J. Trabanino, W. B. Flo-
riano, R. Abrol, S. Sharma, M. Kochanny, S. Koo-
vakat, L. Dunning, M. Liang, J. M. Fox, F. L.
Mendonca, J. E. Pease, W. A. Goddard, and R.
Horuk, “Predictions of CCR1 chemokine receptor
structure and BX 471 antagonist binding followed
by experimental validation”. J. Biol. Chem., Vol.
281, pp. 27613-27620, 2006.

J. Hvas, C. Mclean, J. Justesen, G. Kannourakis, L.
Steinman, J. R. Oksenberg, and C. C. A. Bernard,
“Perivascular T cells express the pro-inflammatory
chemokine RANTES mRNA in multiple sclerosis
lesions”, Scand. J. Immunol., Vol. 46, pp. 195-203,
1997.

W. J. Karpus, N. W. Lukas, B. L. McRae, R. M.
Strieter, S.L. Kunkel, and S.D. Miller, “An impor-
tant role for the chemokine macrophage inflamma-
tory protein-1R in the pathogenesis of the T cell-
mediated autoimmune disease, experimental autoim-



[20]

[21]

[22]

[23]

[24]

[25]

HQSAR Analysis on Novel series of 1-(4-Phenylpiperazin-1-yl-2-(1H-Pyrazol-1-yl) Ethanone...

mune encephalomyelitis”, J. Immunol., Vol. 155,
pp. 5003-5010, 1995.

P. Rathanaswami, M. Hachicha, M. Sadick, T.J.
Schall, and S.R. McColl “Expression of the cytok-
ine RANTES in human rheumatoid synovial fibro-
blasts”, J. Biol. Chem., Vol. 268, pp. 5834-5839,
1993.

N. Snowden, A. Hajeer, W. Thomson, and B. Ollier,
“RANTES role in rheumatoid arthritis”, Lancet,
Vol. 343, pp. 547-548, 1994.

A. E. Koch, S. L. Kunkel, and R. M. Strieter,
“Cytokine in rheumatoid arthritis”, J. Invest. Med.,
Vol. 43, pp. 28-38, 1995.

S. P. Raychauldhuri, W. Y. Jiang, E. M. Farber, T.
J. Schall, M.R. Ruff, and C.B. Pert “Upregulation
of RANTES in psoriatic keratinocytes: a possible
pathogenic mechanism for psoriasis”, Acta Derm.
Venereol., Vol. 79, pp. 9-11, 1999.

G. Kothandan, T. Madhavan, C.G. Gadhe, and S.J.
Cho, “Pseudoreceptor: concept and an overview”, J.
Chosun Natural Sci., Vol. 3, pp. 162-167, 2010.

S. J. Cho, “Recent development of search algorithm
on small molecule docking™, J. Chosun Natural Sci.,

[26]

[27]

[28]

[29]

[30]

169

Vol. 2, pp. 55-58, 2009.

S. J. Cho, “Search space reduction techniques in
small molecular docking.” J. Chosun Natural. Sci.,
Vol. 3, pp. 143-147, 2010.

S.J. Cho, “Calculation and application of partial
charges”, J. Chosun Natural Sci., Vol. 3, pp. 226-
230, 2010.

S.J. Cho, “Meaning and definition of partial
charges”, J. Chosun Natural Sci., Vol. 3, pp. 231-
236, 2010.

M. K. P. Andrew, B. A. James, S. Sen, W. Chen,
Y. Xu, E. Sullivan, L. Li, K. Greenman, T. Charvat,
D. Hansen, J. D. Daniel, J. J. K. Wright, and P.
Zhang, “1-(4-Phenylpiperazin-1-yl -2-(1H-Pyrazol-
1-yl) ethanones as novel CCR1 antagonists”. Bior-
ganic & Medicinal Chemistry Letters, Vol. 23, pp.
1228-1231, 2013.

C. G. Gadhe, T. Madhavan, G. Kothandan, and S.
J. Cho, “In silico quantitative structure-activity
relationship studies on P-gp modulators of
tetrahydroisoquinoline-ethyl-phenylamine  series”,
BMC Struct. Biol., Vol. 11, p. 5, 2011.

J. Chosun Natural Sci., Vol. 6, No. 3, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


