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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 r2 (0.904) and q2 (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 (R3. R5a and R2b) 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 migration[1,2]. Chemokines are produced by a

wide variety of cells, which includes professional

immune cells, tissue cells and intrinsic renal cells[1,3].

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[4,5].

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[6]. The biological

activities of CCR1 is exerted by binding to specific

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)[7-9]. Few family members are also involved

in viral entry and angiogenesis[10]. 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

people[11-15].

The chemokine receptor CCR1 belongs to GPCR

super family that contains seven transmembrane

domains[16]. CCR1, the first CC Chemokine receptor to

be identified, plays important role in host defense and

inflammation. Antagonism of CCR1 is an attractive

therapeutic target because of its role in rheumatoid

arthritis, organ transplant rejection, Alzheimer’s disease

in terms of disease processes[17]. 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
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11 different ligands (chemokines) interact with CCR1,

including CCL3 (MIP-1α), 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 CCR1 ligands CCL3 (MIP-1α) and

CCL5 (RANTES) play important roles in the develop-

ment and progression of autoimmune diseases. Thus,

the role of CCL3 and CCL5 in multiple sclerosis[18, 19],

rheumatoid arthritis (RA) [20-22], psoriasis[23] and the

induction of robust cell infiltration in vivo are believed

to be facilitated mainly through CCR1.

Several small molecule antagonists of CCR1 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[29] 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[24-28]. 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[29]

comprised of 56 compounds (Table 1, 2 & 3). The

Inhibitor constant values were converted to minus log-

arithmic scale value (pIC50) as a dependent variable for

HQSAR by using the formula pIC50= -log (IC50). 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-

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

Table 1. Structure and biological values of 1-(4-

phenylpiperazin-1-yl_-2-(1H-pyrazol-1-yl) ethanone deriv-

atives targeting CCR1

Compound R3 R4 R5 pIC50

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 CF3 H 5.008

8. H NO2 H 5.248

9. H SO2Me 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. OEt 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 CO2H 6.376

22. OMe Cl CONH2 7.284

23. OMe Cl CONHMe 6.677

24. OMe Cl CONMe2 6.657

25. OMe Cl CH2OH 7.920

26. OMe Cl CH2NH2 7.795
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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

model depends on statistical parameters such as r2, q2

by LOO[30].

3. Results and Discussion

3.1. HQSAR Analysis

The HQSAR model with good predictive ability in

terms of r2 and q2 was developed. The model was devel-

oped with Atom (A) and bond (B) parameters with

BHL=151. The selected model showed a q2 of 0.590

and an r2 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 q2 value obtained for parameters A/B was

explored with an optional atom count (4-10) for further

improvement of q2. 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 2. Structure and biological values of 1-(4-

phenylpiperazin-1-yl_-2-(1H-pyrazol-1-yl) ethanone deriv-

atives targeting CCR1

Compound R3a R4a R5a pIC50

 14. CF3 Cl Me 8.397

27. CF3 H Me 7.721

28. CF3 F Me 8.301

29. CF3 Br Me 8.096

30. CF3 I Me 8.154

31. CF3 CN Me 8.221

32. CF3 NHAc Me 6.301

33. CF3 Cl H 7.744

34. CF3 Cl CF3 6.130

35. CF3 Cl i-Pr 5.958

36. CF3 Cl Ph 5.468

37. CF3 Cl CH2OH 8.000

38. CF3 Cl CH2NH2 7.301

39. CF3 Cl CH2NMe2 7.327

40. CF3 Cl CH2NHAc 7.167

41. H Cl Me 6.920

42. Me Cl Me 7.397

43. i-Pr Cl Me 8.096

44. 2OH-i-Pr Cl Me 7.795

45. Br Cl Me 7.699

46. CN Cl Me 8.000

47. SO2Me Cl Me 8.000

48. NH2 Cl Me 6.468

49. CH2OH Cl Me 7.013

50. CH2NH2 Cl Me 6.920

51. CO2H Cl Me 5.284

Table 3. Structure and biological values of 1-(4-

phenylpiperazin-1-yl_-2-(1H-pyrazol-1-yl) ethanone deriv-

atives targeting CCR1

Compound R2b R3b pIC50

 14. H H 8.397

52. (R)-Me H 7.431

53. (S)-Me H 8.699

54. (S)- CH2OH H 7.958

55. H (R)-Me 7.036

56. H (S)-Me 7.638

Table 4. Statistical PLS results of HQSAR

N q2 StdErr r2 SEE BHL

HQSAR 5 0.590 0.710 0.904 0.344 151
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tive contribution to the activity were denoted by red,

red-orange and orange, while, yellow, green-blue and

green indicated favorable or positive contribution to the

activity. White showed an intermediate contribution to

activity. For study of atomic contribution, molecules

were selected based on their activity profile. 

All the molecules in the dataset had a common sub-

structure and varied only in R3, R4, R6, R3a, R4a, R5a, R2b

and R3b substructure. The contribution map for the

highly active compound 14 (Fig. 2.) showed that the

Table 5. Actual and predicted pIC50 by HQSAR model

Name ACTUAL PREDICTED

CPD01 6.512 6.050

CPD02 5.251 5.516

CPD03 7.008 7.101

CPD04 6.739 6.037

CPD05 5.437 5.430

CPD06 4.494 4.482

CPD07 5.008 5.178

CPD08 5.248 5.081

CPD09 5.193 5.173

CPD10 5.481 5.430

CPD11 5.568 5.582

CPD12 4.958 5.739

CPD13 7.000 7.647

CPD14 8.397 7.406

CPD15 7.920 8.000

CPD16 7.113 7.424

CPD17 6.970 7.464

CPD18 8.301 8.362

CPD19 8.000 7.695

CPD20 7.853 8.020

CPD21 6.376 6.861

CPD22 7.284 6.979

CPD23 6.677 6.683

CPD24 6.657 6.499

CPD25 7.920 7.507

CPD26 7.795 7.453

CPD27 7.721 7.850

CPD28 8.301 8.313

CPD29 8.096 7.840

CPD30 8.154 7.987

CPD31 8.221 8.511

CPD33 7.744 7.583

CPD34 6.130 6.095

CPD35 5.958 5.937

CPD36 5.468 5.654

CPD37 8.000 7.870

CPD38 7.301 7.352

CPD39 7.327 7.170

CPD40 7.167 7.303

CPD41 6.920 7.149

CPD42 7.397 7.206

CPD43 8.096 7.537

CPD44 7.795 7.994

CPD45 7.699 7.464

Table 5. Continued

Name ACTUAL PREDICTED

CPD46 8.000 7.578

CPD47 8.000 8.134

CPD48 6.468 6.689

CPD49 7.013 7.482

CPD50 6.920 7.124

CPD52 7.431 7.668

CPD54 7.958 7.978

CPD55 7.036 7.425

CPD56 7.638 7.425

Fig. 1. Scatter plot diagram for HQSAR analysis. Plot

shows the actual and predicted pIC50 of compounds.

Table 6. Statistical parameters obtained for model with

different atom counts. Model with highest q2 chosen for

HQSAR is marked bold

Atom 

count
N q2 Std Err r2 SEE BHL

4-7 5 0.516 0.771 0.903 0.345 307

5-8 5 0.590 0.710 0.904 0.344 151

6-9 3 0.515 0.756 0.771 0.520 199

7-10 4 0.508 0.770 0.850 0.424 151
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hydrogen in R2b and R5a side chain contributed posi-

tively to activity (pIC50=8.397), whereas the remainder

displayed an intermediate contribution to activity. In

contrary, the contribution map (Fig. 2.) for the lowest

active compound 06 (pIC50=4.494) indicated that, the

R2b and R3b 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 (pIC50=8.301), which has the second

highest activity showed positive contribution from R6,

R5a, and R2b with intermediate contribution from other

R groups. Similarly, the compounds from the highly

active series, such as compound 18 (pIC50=8.301),

31(pIC50=8.221), 43(pIC50=8.154), 29(pIC50=8.096) and

47(pIC50=8.000) showed positive contribution from R
5a,

R2b and R3b 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(pIC50=7.013),

16(pIC50=7.113), 55(pIC50=7.036), 40(pIC50=7.167), 22

(pIC50=7.284), 38(pIC50=7.301) showed positive contri-

bution in R5a and R2b with intermediate contribution

from the rest of the R groups. Whereas, compounds

from low active series such as compound 12(pIC50

=4.958), 7(pIC50=5.008), 9(pIC50=5.193), 8(pIC50=5.248),

2(pIC50=5.251), 5(pIC50=5.437) and 36(pIC50=5.468)

showed no positive contribution in any of the R groups

and also showed negative contribution on R2b and R3b

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.

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