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ABSTRACT

HIV/AIDS remains a persistent problem around theldvarhere were approximately 35 million people ldaride
living with HIV/AIDS in 2013. In Sub-Saharian Aficountries use of Moringa oleifera(MO)Lam. alonghw
Antiretroviral (ART) regimen among HIV positive p&ois high. However, there is scarcity of scientdvidences
to support M.oleifera as anti-HIV therapy. Recemsaarch pointed out that the G protein-coupled dilene
receptor CXCR4 is an important target, as theyspecifically implicated in cancer metastasis an&Hlinfection.

In present study, attempt has been made to an$wente of M.oleifera in HIV treatment using CXCé%la target
receptor. Major phytoconstituents of MO incorpoxtéen virtual screening against CXCR4. Drug molecule
optimization, addition of charges and hydrogen tonaés carried out using Autodock tools. Receptdinopation
was carried out using Accelrys Discovery studiaalizer 4. Molecular docking study was performedfartodock
4.The results has shown that docking energy of reesRginone (-3.35kcal/mol), Linalool oxide (-4.1@&/mol),
Upiol (-4.15kcal/mol), Beta Sitosterol (-6.12keadl),1,2-Benzenedicarboxylic acid, bis(2-ethylhpegter(-5.56
kcal/mol), Ellagic acid(-6.10 kcal/mol), Gallic ati(-4.38 kcal/mol), Ferulic acid (-4.81kcal/mol)aMIlin (-4.2
kcal/mol), 1,2,3-Cyclopentanetriol (-4.09 kcal/mol)Astragalin (-5.69kcal/mol), Aurantiamideacetate (
6.02kcal/mol), Chlorogenic acid (-5.89 kcal/molyodjuercetin (-5.52kcal/mol), Crypto-chlorogenic dagi4.66
kcal/mol), Kaempferol (-5.90kcal/mol), Niaziminin -3.96kcal/mol).6,6-dimethyl-5,6-dihydroimidazo[2,1-
b][1,3]thiazol-3-yl)methyl-N,N'-dicyclohexylimidatitarbamate and selected phytoconstituents of NM@rin
oleifera. Docking energies for (6,6-dimethyl-5,8ngiroimidazo[2,1-b][1,3]thiazol-3-yl)methyIN,N' diclohexyl
imidothiocarbamate was taken as a standard ligah@X¥CR4 for comparative study. Beta sitosterolagilt acid
and Aurantiamide acetate are shown as promisingldhf candidate. However, further in vitro and iive studies
needed to validate their biological potential.
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INTRODUCTION

Human immunodeficiency virus (HIV) is a retrovirusglongs to the family of lentiviruses. HIV typesahd 2
(HIV-1 and HIV-2) causes Acquired immunodeficiersyndrome (AIDS). During the course of AIDS in hursan
immune system begins to fail which leads to lifereitening opportunistic infections or malignanassociated
with the progressive failure of the immune systdn2]. HIV/AIDS remains a persistent problem arodimel world.
Till 2013, 35 million people were detected worldeitiving with HIV/AIDS. Sub-Saharan Africa remaimsost
severely affected due to HIV. In Sub-Saharan African every 20 adults living with HIV. his accosarfor nearly
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71% of the people living with HIV worldwide [3].Ima is the third highest number of estimated pedipieg with
HIV in the world. According to the National AIDS @wol Organisation (NACO) report 2014, the estindate
number of people living with HIV/AIDS in India dung 2012 were 20.89 lakh [4]. At present, thereraralefined
vaccines or drugs available to cure HIV infectedigmds. Currently, nucleoside reverse transcriptasdbitors
(NRTIs), non-nucleoside reverse transcriptase itdb (NNRTIS) and protease inhibitors (PIs) aré-&itV class
of drugs are exercised around the world [5].

Most HIV-infected patients in resource limited segs receive a first-line triple combination of lamundine,
nevirapine, stavudine or zidovudine. These comhmnadntiretroviral therapy (ART) provides many btsebut it
also creates more adverse events like periphetabpathy, hypersensitivity and life-threatening dwepoxicity in
HIV patients which hamper treatment adherence[6].

Chemokine receptors are critical regulators of o@tjration in the context of immune surveillancaflammation

and development. In 2013, it is reported that Gginecoupled chemokine receptor CXCR4 isan impartargets
for HIV infection [7]. CXCR4 is a major co-recepttor T-cell-tropic HIV-1 [8]. Due to this, till nownumerous
efforts have been made to develop a new classtHivi agents that target CXCR4 as an additionahlbernative
therapy to standard HAART. The first FDA approve@R4 antagonist, plerixafor/AMD3100 is used to niiaki

hematopoietic stem cells, which are collected fse in stem cell graft in patients with hematolobicancers.
Plerixaforwas initially developed to interfere wiliDF-1/CXCR4 interaction and shows promise for kiféction,

cancers and autoimmune diseases such as rheunaatbiitis. However, this drug is expensive becaoké¢he

difficulty in its total synthesis. Therefore, thasean urgent need for the discovery of new CXCRthgonists that
are cost-effective, potent and safe[9]. Phytochalsibave been an important and safe source oftleagounds in
drug discovery and development.

Moringa oleiferg Lam (M. oleiferg is a member of the Moringaceae family. This egliplant is also known as
drumstick tree, horseradish tree and malung§égringa oleiferg Lam is native to the sub-Himalayan tracts of
India, Pakistan, Bangladesh and Afghanistan arid @onsumed as food [10,11]. Phytochemical analysa®
shown thatM. oleifera leaves are particularly rich in potassium, calcigshosphorous, iron, vitamins A and D,
essential amino acids, as well as such known &ddoxs such ag-carotene, vitamin C and flavonoids
[12,13,14,15]. In many regions of Africa, from titamhal daysM. oleiferais widely consumed for self-medication
by patients affected HIV/AIDS [16]. However, thendit for the treatment or prevention of HIV diseasr
infection by using either dietary or topical adrsination ofM. oleifera preparations are not quite well-known.
There is room to exploit the potentidl. oleiferain the battle against HIV. In the present studterapt has been
made to answer the role BF.oleiferain HIV treatment using CXCR4 as a target receptor.

EXPERIMENTAL SECTION

2.1. Data Set:

Phytoconstituents and standard drug compounds coddld downloaded from the database
(https://pubchem.ncbi.nim.nih.gov/search/search.@yid generate the small molecule compounds totifglen
potential CXCR4 antagonist screening. A three-disiamal structure of CXCR4 chemokine GPCR proteudde
offered from the Protein Data Bank (PDB ID: 30DU)

2.2. Receptor Optimization:

Receptor was optimized using Discovery Studicsieer4 Accelrys Software. The energy minimizatiaof

modeled protein was performed by SPDV arsd store was obtained. Then the active sitélsesie proteins
were obtained from online active site predictionlt@he Ramachandran plot was obtained to studyaherable
regions with residues present.

2.3 Ligands Optimization:
Drug molecule and phytoconstituents optimizatiafigision of charges and hydrogen bonds was carnigdising
Autodock tools.

2.4 Computational Docking Studies:

The docking of selected protein with three drug enales were performed by using Autodock 4. The ihock
calculations were verified using docking server][1@asitier partial charges were added to ligandnpolar
hydrogen atoms were merged and rotatable hydrogedsbwere defined. Docking calculations were cdraet on
receptor. Essential hydrogen atoms, kollaman clsaagel savlavation parameters were added affiniig)(gnaps
25 A grid points and 0.500A were generated usiregyahtogrid program. Autodock parameters set angrdie
dependent dielectric functions were used in theutation of the van der Waals and the electrostions,
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respectively. Docking simulations were performethgsLamarckian algorithm (LGA) and Solis and Wetdb
search methods [18]. Initial position torsion am@atation of the drug molecules were set randomllyrotatable
torsions were released during docking. Each dockkpmeriment was derived from 10 different runs thate set to
terminate after 250000 energy calculations. Theufadjpn size was set to 150. During search thestadional step
0.2 A and quaternion and torsion step 5 were agppii6].

RESULTS AND DISCUSSION

Docking is done by Autodock 4 for CXC4 structurethwicontrol drug(6,6-dimethyl-5,6-dihydroimidazo[2,1
b][1,3]thiazol-3-yl)methyIN,N'  dicyclohexylimidotbcarbamate and selected phytoconstituents Mafringa
oleifera. Docking energies for (6,6-dimethyl-5,6-dihydroimib[2,1-b][1,3]thiazol-3-yl)methyIN,N’
dicyclohexylimidothiocarbamate (-9.17 Kcal/mol), P3srolidinone (-3.35 kcal/mol), Linalool oxide (2
kcal/mol), Upiol (-4.15 kcal/mol), 1,2-Benzenedisaxylic acid, bis(2-ethylhexyl) ester (-5.56 kcabin Ellagic
acid (-6.10 kcal/mol), Gallic acid (-4.38 kcal/moBerulic acid (-4.81 kcal/mol), Vanillin (-4.23 &émol), 1,2,3-
Cyclopentanetriol (-4.09 kcal/mol), Astragalin £9.kcal/mol), Aurantiamideacetate (-6.02 kcal/m@lhlorogenic
acid (-5.89 kcal/mol), Isoquercetin (-5.52 kcal/inarypto-chlorogenic acid (-4.66 kcal/mol), Kaemufl (-5.90
kcal/mol), Niaziminin (-3.96 kcal/mol), Beta Sitesbl(-6.12 kcal/mol) (Tabl&). Interaction tables of drug and all
phytoconstituents has shown the non-covalent iotieras occurring between active site residues aspective
drug and phytoconstituents (Tab®19. The docking study showed that Beta sitosterdlagic acid and
Aurantiamide acetate as a promising anti-HIV caadidwhen they are compared with 6,6-dimethyl-5,6-
dihydroimidazo[2,1-b][1,3]thiazol-3-yl)methyIN,N'icy/clohexylimidothiocarbamate. However, furtharvitro and
in vivo studies of individual phytoconstituents is neetiedalidate their biological potential. Ball andcket model
of respective drug molecule and phytoconstituemeracting with active site are shown in Fitr16).

Table 1. CXCR4 chemokine GPCR inhibitors docked agast 30DU

Est. Free Estimated vdW + Hbond . Total
P Electrostatic Inter-
Sr. Drug molecule Energy of Inhibition + desolve Energy molecular
No Binding Constant, Ki Energy
(kcal/mol) (mM) (kcal/mol) (kcal/mol) Energy
(kcal/mol)
6,6-dimethyl-5,6-dihydroimidazo[2,1-
1 b][1,3]thiazol-3-yl)methyl-N,N'- -9.17 190.68 -8.42 -2.32 -10.74
dicyclohexyl imido thiocarbamate
2 2-Pyrrolidinone -3.35 3.51 -3.33 -0.002 -3.35
3 Linalool oxide -4.12 958.57 -5.62 -0.08 -5.69
4 Upiol -4.15 905.78 -4.72 -0.08 -4.80
1,2-Benzenedicarboxylic  acid,  bis(2-
5 ethylhexyl) ester -5.56 84.15 -8.62 0 -8.62
6 Ellagic acid -6.10 33.63 -5.63 -0.54 -6.17
7 Gallic acid -4.38 616.49 -4.18 -0.43 -4.61
8 Ferulic acid -4.81 299 -5.42 -0.01 -5.43
9 Vanillin -4.23 793.80 -4.44 -0.06 -4.51
10 | 1,2,3-Cyclopentanetriol -4.09 997.44 -4.14 -0.31 -4.45
11 Astragalin -5.69 67.14 -5.59 -0.54 -6.63
12 | Aurantiamideacetate -6.02 38.98 -8.39 -0.26 -8.64
13 | Chlorogenic acid -5.89 47.86 -6.82 -0.64 -7.46
14 | Isoguercetin -5.52 63.07 -6.43 -0.50 -6.93
15 | Crypto-chlorogenic acid -4.66 384.07 -6.30 -0.27 -6.57
16 Kaempferol -5.90 47.40 -6.16 -0.38 -6.53
17 | Niaziminin -3.96 1.25 -6.64 -0.05 -6.70
18. | Beta Sitosterol -6.12 32.90 -7.70 -0.01 -7.71
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Table 2. (6,6-dimethyl-5,6-dihydroimidazo[2,1-b][13]thiazol- 3-yl)methyl N,N'-dicyclohexylimidothiocarbamate interaction

Hydrogen bonds Polar Hydrophobic Other
GLU32

N2 () H1 () GLU32 C6() LEU41 C17 ()

29§ (CgE%El' 19§ ~ (OEL,0E3| [343 ~  (CDI) 384 ~ ARG0CG
N4 () ASP97 (CG| H3() ASP97 C4() LEU41 H1 () GLU32 (CD,
[2.58] B oD1) [2.01] B (oD1) [3.81] B (CD1) [2.58] B CG)
N3 () ASP97 H2 () ASP97 C14 () TRP94 (CD] C15() GLU32
[3.03] B (OD1) [3.57] B (OD1) [3.71] B CG) [3.69] ~  (OE1, OE2)

C13() TRP94 (CDZ  S1() GLU32

[3.43] ~  CE2,C22) [3.74] B (OE2)

C3() TRP94 CE3| C1()

[3.31 - cz3 [3.84 — TYR45 (OH)

C4() C3()

[3.84 — ALA98 (CB) [3.23 — TYR45 OH)

TRP102

C12() 3 C7() _

(302 (CECsZ, 3C):H2, [3.41 TYR45 (OH)

C14 () TRP102 C4()

(3.89 - (Cz3 [3.69 — TYR45 OH)

C18() ILE185 C13()

(379 - (CG2) 3.60 — TRP94 NEJ)

C15() ILE185 H3 () ASP97

[3.54 - (CDY) [3.01 -~ (CB.CG

C11() CYS186 CB| C12() ASP97 B,

[3.51 - e [3.40 - CG,0D)
C19() B ASP97
[2.96 (ODY)
C21() B ASP97
[3.72 (ODY)
C1l() ASP97
[3.59 B (ODY)
C5() ASP97
[3.63 B (ODY)
C11() ASP97
[3.59 B (ODY)
N2 () ILE185
[3.79 B (CDY)
H1 () ILE185
[3.73 B (CDY)
S1() ILE185
[3.53 B (CDY)
C8() ASP187
[3.14 - (OD2)
C9() SER285
3.14 B (06
C6() SER285
[3.60 B (66
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Hydrogen bonds Polar Hydrophobic Other
C7() GLU288
[3.47 (OE2
Table 3. 2-Pyrrolidinone interaction
Hydrogen bonds Polar Hydrophobic Other
TRP94
N () ASP97 CB,CG, | H() ASP97 C( (CD1, N () TRP94
2.9 oD1) [2.19 (OD1) [3.3§ ~ CD2,CE2 [3.79 ~ (CD2,CQ
CE3, CQ
TRP94
C() TRP102| O()
- (CD2,
[3.29 (Cz3 [3.73 CE3, C73
CcC( VAL112 | C() TRP94
[3.55 (CG2 [3.65 (NEJ)
ASP97
[(?i (2)8 - (CB, CG,
) OoD1)
H() ASP97
[291 ~ (CB,CQ
Table 4. Linalool oxide interaction
Polar Hydrophobic pi-pi Other
HIS113 TRP94
02() ASP97 | C8() TRP94 | C2() 02()
_ - -  (CD2, - (CD2,
[3.13 (OD1) [3.51] (cb1,Ccq [3.79 CEY) [3.79 CE3)
MO _ Aseer | cag | opot cag _ TRPY4
[2.44 (oD) | [3.47 CE2, C73 [3.73 (NED
01 () HISL13| €30 Igﬁg4 c8() _ TRP94
[3.16 (NE2) [3.59 0221023 [3.80 (NEJ)
TRP94
c5(0) H1 () ASP97
[3.21] $§;§' [3.27 (CB, CQ
TRP102
Cio() _ 02() ASP97
[3.57 (CCZE3)3 [3.84 e
ASP97
C8 () TRP102 C10 ()
- - (CG, oD]]
[3.52 (Cz3 [3.19 0oD2)
HIS113
C9() TRP102 01 ()
_ - (CD2,
[3.79 (Cz3 [3.74 CE1)
C8() VAL112 C2() HIS113
[3.79 =~ (CG2 [341 ~ (NE2
C6 () HIS113 C6 () HIS113
[339 =~ (CD2 [3.74 ~  (NE2
TYR116
c6() _ C5() GLU288
[3.31 Cg%?éb [3.69 (OE)
C10 () CYS186
[334 ~ (CB,SG
C9() CYS186
(3.5 (Cle)
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Table 5. Upiol interaction

Hydrogen bonds Polar Hydrophobic cation-pi Other
TRP4 TRP94
N2 () ASP97 | N1() TRP94 | C6() TRP94 | H3() (CB,CD2| N1() cégngéz
[3.00 ~ (CG,0D) [329 ~  (NE) [359 =~ (CD2,CG| [2.69 ~ CE2,CE3 [3.09 CE3. CG
CG, CZ3 cia
TRP94
HL) _ TRP94| C5() 12224 HL) _  (CD1, | N2O Iggg4
[2.94 (NED) [3.69 c72 [3.16 CCDGz CCZE2)2 [3.57 CE3.CQ
020 ASP97 | C1() HIS113 Bri () I5E24
[3.61 ~  (ODI) [339 =~ (CE) 331 czay
H2 () ASP97 | C3() HIS113 02 () ASP97
[219 ~  (0ODY [324 ~ (CE) [350 ~ (CB,CQ
H3 () ASP97 | C3() CYS186 H2 () ASP97
[3.74 ~ (ODY [323 ~ (CB,SG [297 ~ (CB,CQ
01() HIS113 C6 () ASP97
[3.79 (ND1) [3.70 ~ (0ODY
02 () TRP102
B27 ~ (3
H1 () VAL112
[340 ~ (CB,CG3
01() VAL112
B3 ~  (CG2
01() HIS113
[3.79 (CEQ)
C1( HIS113
[3.46 ~ (NE2
C3() HIS113
388 =~ (NE2
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Table 6. 1,2-Benzenedicarboxylic acid, bis(2-ethydixyl) ester interaction

Hydrogen bonds Polar Hydrophobic Other
oa) H(gzlllg 03() _  ASP97| C16() LEU4L | C11() _  TYR4S
[3.33 NEa’ [3.69 (ODY) [3.60 (CDY) [2.94 (OH)
o1() _  ASP97| C13() T((F:egslm Cl16() _ TYR45
[3.60 (oDY) [3.57 coz,dq [3.09 (OH)
04 () ASP187| C4() 22224 c20 ) ASP97
[3.04 (OD1) [3.59 cza’ [3.8§ ~  (ODI)
C8() TRP94 | C21() ASP97
[3.53 (Cz2 [327 ~ (0OD)
TRP94
C12() C18() ASP97
(CH2, -
[3.44 c72) [3.49 (OD1)
C11() TRP94 | C9() HIS113
[3.69 (Cz3 361 ~ (NE2
C6() TRP102| C8() HIS113
[3.34 (Cz3 384 ~ (NE2
C13() TRP102| C15() _  HIS113
[3.89 (Cz3 [3.53 (NE2
C1l() VAL112 | C22() ASP187
[3.64 (CG2 [3.3] ~ (CG,0DJ
C6() VAL112 | C17() ASP187
[3.89 (CG2 [347 ~ (CG, OD)
C15() HIS113 | 04 () ASP187
[3.45 (CD2) [361 ~  (CG
C9() HIS113 | C24() ASP187
[3.17 (CEQ) [3.8§ ~ (OD2
C1() HIS113 | C16 () SER285
[3.69 (CE)) [3289 ~ (CB,0Q
GLU288
c8 () HIS113| C5()
- (OE1,
[3.89 (CEY [3.89 OE2)
C9() Cysigeé| C3() _ GLU288
[3.63 (Gle] [3.37 (OE2
C7() GLU288
[364 ~ (OE2
C11() GLU288
[3.29 (OE2
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Table 7. Ellagic acid interaction

Hydrogen bonds Polar pi-pi cation-pi Other
04() _ SER285| 02() _ TYR45| C9( (55295‘2 HL) _ TRP94| 02() _ TRP94
[2.87 (CB,0G| [347 ©H | [355 s oo l38a Cz2 | [38] (CE3
TRP102 TRPOA
07() _ ASP97| C13() _ TRP94| H3() o) _
[2.95 ©D1) | [374 (CD2,Ccq [3.49 %ﬁg* (3.59 %ﬁg*
TRPOZ
H1 () HIS113 | C1() ©D2, | H1Q HIS113 | 070 ASP97
[383 ~ (ND)) [319 ~ CE3,CH2 [379 ~ (CE) [383 ~ (CB,CQ
cz3
TRPOZ ASP97
o, - ol - sy - &%
: : CE3, CZ3 : oD
06 () SER285| C8() TRP94 c3( ASP97
[381 ~  (0G [3.79 =~  (CE2 [3.27 ~  (OD1)
GLU288 TRPOA
HAQ c20 Cl2() _  ASP97
[2.15 gﬁg' (3.16 Cégnga 3.29 (OD1)
TRPO4
04() GLU288| C6() (CE3, 070 ALA8
379 ~ (OE3 | [359 ~ CH2 Cz2 379 ~ (CB
cz3
H2 () GLU288| C12() TRP4 05() TRE02
363 ~ (OEQ | [349 ~ (CEY 329 (czs)’
06() _ GLU288| ca() IEE24 H3()  VALLL2
[2.94 (OE?) | [3.59 oo [2.79 (CB, CG2
c50 TRP94 030 VAL112
B59 ~ (CZ3 B34 =~ (Ce2
c110 TRP94 H1 () VAL112
371 ~ (CH) 379 ~ (CG2
05 () VALL12
B73 = (Ce2
030 HIS113
371 ~ (CE)
H2 () SER285
B14 ~ (B
ci4() _ GLU288
[2.97 (CD, OE
06 () GLU288
3831 ~  (CD)
H4 () GLU288
303 ~  (CD)
GLU288
c10(
- (OEL
(3.35 e
c70 GLU288
B39 =~ (OE2
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Table 8. Gallic acid interaction

Polar Hydrophobic pi-pi Other
TRP94 TRP94
02() _ ASP97T| C7(0 _ c3) 02() _ TRPY
[3.03 ©OD1) | [3.44 (é:?; [3.62 (gED; [3.76 (CD2, CQ
TRP94
H2 () ASP97 | C70) HIS113 | C5) D2, | 040 T(ggg”'
[214 ~  (ODY) [389 =~  (CD2 [349 =~ CE2,CHZ [34 o7
c72) 2
TRPY4
01() ASP97 C1( (CE2, | 020 ASP97
29§ ~ (ODI) 339 ~ CH2,Cz2 [36] ~ (CB,CQ
cz3
HL() _  ASP97 c20 22224 H2() _  ASP97
[2.01] (OD1) [3.79 cry | 1288 (CB,CQ
05 () HIS113 ca () TRP94 | H1() ASP97
[353 = (NE2 [368 ~ (CZ¥ [321 ~  (CQ
TRP94
c6() c2() _  ASP97
[3.51 e | B2 (OD1)
c3() ASP97
379 ~  (ODI)
04 () VAL112
387 ~ (CG?
05 () HIS113
333 ~ (CD2 CQ
C7( HIS113
387 ~ (NE2
04 () TYR116
37§ ~  (CB)
05 () TYR116
[3.79 ~ (CD2, CQ
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Table 9. Aurantiamideacetate interaction

Polar Hydrophobic pi-pi cation-pi Other
02 () HIS113 | C25() LEU41 | C27() TYR45 | H2() TRP94 | C27() TYR45
317 ~ (NE2 [3.701 ~ (CDY [367 ~  (CE2 [3.79 ~ (CZ3 [340 ~  (OH)
02 () ARG188| C27 () LEU41 | C26() TYR45 C26 () TYR45
[3.79 ~  (NHY [3.74d ~ (CDY) [353 ~ (CE2 [344 ~  (OH)
TRP94
04 () A'T\ﬁ_{llss c27 () ALA98 | C17() (CD1, C17 () TRP94
341 kHZ' [324 ~  (CB) [3.30 ~ CD2,CE2 [329 ~ (NE)
) CG, CZ3
C26 () ALA98 | C20() TRP94 C20 () TRP94
374 ~ (CB [3.59 ~ (CD1i,CQ [3.7d ~  (NE)
C17() _ VALL12| C23() _ TRP94 ci8() _ ég@é
[3.52 (CG2 [3.84 (CE3 [3.51 obl) '
C20 () VAL112 | C18() T%FI’;SOZ C13() ASP97
374 ~— (CG2 3819 %za' [33] ~ (CG,0D)
C4() _ HIS113| C20() _ TRP102 Ci1() _  ASP97
[3.39 (CEQ) [3.73 (cz3 [3.69 (ODY)
C9() ILE284 | C19() HIS281 C16 () ASP97
[3.79 ~ (CG2 [3.79 ~ (CE) [339 ~  (OD1)
C14 () ILE284 C26 () ASP97
[3.1 ~ (CG2 [369 ~  (OD1)
C23() _  ASP97
[3.02 (ODY)
02 () HIS113
[3.81 ~ (CD2
C4() HIS113
353 =~ (NEQ
C19() SER285
B804 ~ (0G
C15() SER285
283 ~ (0G
C10() _ SER285
[3.84 (06
GLU288
€30 _ (CD, OE1
[2.90 OE2)
GLU288
7o _ (CD, OE1
[3.13 OE)
c9() _ GLuzss
[3.81 (OE2
C10() _ GLU288
[3.50 (OE2
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Table 10. Chlorogenic acid interaction

Polar Hydrophobic pi-pi cation-pi Other
08() _ ASP97| C9() _ TRP94| CI15( Iggg“ H5() _ TRP102| C15() _ TRP94
[2.95 (oDY) [3.86 (CH2) [3.50 CE2. C7) [3.83 (Cz3 [3.57 (NEJ)
ASP97 TRP94
H4 () C10 () TRP94 | C13() C13() TRP94
- (oD1, - -  (CE2, -
[2.06 oD2) [3.89 (CH2) [3.25 CH2, C73 [3.79 (NEJ)
09 () ASP97 | C15 () VAL112 | c11() Igﬁg“ Ha () ASP97
[3.37 =~  (OD1) [3.61] =~ (CG2 [3.84 czay [289 =~ (CB,CQ
H5 () ﬁ?gi7 C10 () HIS113 | C11 () HIS113 09 () ASP97
247 %DE’ [379 =~ (CD2 [390 =~ (CE) [359 =~ (CB,CQ
01() TYR116| C8() TYR116 H5 () ASP97
354 ~  (OH) 359 ~ (CE2 274 ~ (CB,CQ
ARG188
07 () 08 () ASP97
- (CZ, NH1 -
[3.17 NH2) [3.77 (Cg
GLN200
02 () 09 () TRP102
- (NE2, -
[2.98 OE1) [3.49 (CzZ3
GLN200
H1() C10 () HIS113
- (NE2, -
[2.29 OE1) [3.63 (NE2
05 () GLN200 C11() HIS113
817 ~  (OE) B79 ~ (NE2
TYR116
02() _ TYR255 or() _
[2.99 (OH) [3.63 =
H1 () TYR255 01 () TYR116
[3.701 ~  (OH) [351 = (CE2,C3
01 () GLU288 02 () GLN200
B29 ~ (OE) B79 ~  (CD)
GLU288
03 () H1 () GLN200
- (OE1, -
[2.92 OE?) [3.19 (CD)
GLU288
H2 () C1( TYR255
- (OE1, -
[2.01 OE2) [3.48 (OH)
GLU288
H3 () C3() TYR255
- (OE1, -
[2.60 OE2) [3.81 (OH)
04 () GLU288 c4) TYR255
B49 =~ (OE2 B19 ~  ©H
04 () ILE284
B0og ~ (CG2
H3 () ILE284
B73 — (CGY
GLU288
C5()
- (CD, OE1
2.97 OE2
03 () GLU288
341 ~ (CD)
H2() GLU288
[2.79 (CD)
H3 () GLU288
B2 ~ (CD
c2() _ GLu2ss
[3.7G (OED)
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Table 11. Isoquercetin interaction

Hydrogen bonds Polar Hydrophobic pi-pi cation-pi Other
HIS113
010 () ggz‘g H3 () TYR45| C13()  ILE284| C20 () TEEEZM H8 () (CB, | 05 LEU41
[2.79 - (CEL [3.87 = (OH) [3.77 =~ (CG2 | [368 (CH2, [3.09 =~ CD2, | [38§ = (CDl
OH) €z3 CE1, CQ
08 () SER285| 01 () ASP97| C17 () ILE284 | C16 () Tgﬁgd' H6 () TYCREZIE"F’ 06 () ASP97
307 ~ (G | [333 ~ (OD1) | 308 ~ (CG? | [3.3§ %z oy - CEL | 343 - (o
2 Cc2
09 () SER285| 06 () Aggslw C8 () TRP94 H4 () ASP97
[296 ~ (CB,OG| [3.0§ %DE’ [387 ~ (CZ3 259 ~ (CG
ASP97 TRP94
HAO Cl2() _ C4() _ ASP97
[2.24 ((())DDzl)’ [3.60 (ngaz [3.47 (OD1)
H2 () ASP97 C20() HIS113 Cc2() ASP97
[3.89 =~ (ODI) [3.89 =~ (CD2 [3.0§ ~— (0D
012 () HEE%S C21() HIS113 C1() ASP97
323 %Ea’ 357 ~ (CE) 384 ~ (ODI)
HIS113
H8 () C3() ASP97
- (NDZ, -
[2.92 NE2) [3.84 (ODY)
ARG183
H2() _  (cz C6() _ ASP97
[3.39 NH1, [3.49 (OD1)
NH2)
06 () ARG183 03 () ALA98
[3.64 ~— (NH) [3.89 ~ (CB
Ha4 () ARG183 H7 () VAL112
[343 ~ (NH) [363 ~ (CG2
H6 () TYR255 012 () VAL112
220 = (OH) 3.1 ~ (CG2
H3 () SER285 H8 () VAL112
357 ~  (0G 334 = (CG2
HIS113
H5 () SER285 012 ()
233~ (00) s23 ~ G5
07 () GLU288 Cc21() HIS113
[3.61 ~ (OE)) [3.671 =~ (NE2
08 () GLU288 C20 () HIS113
[3.74 ~ (OE2 [3.70 ~ (NE2
H5 () GLU288 H2 () ILE185
[3.63 ~ (OE2 [3.70 ~ (cD)
C18 () TYR255
[369 ~ (OH)
010 () ILE259
[3.871 ~ (cD)
H6 () ILE259
313 ~ (cDY
09 () ILE284
B43 = (CG2
H6 () ILE284
B73 ~ (CGY
H5 () SER285
322 ~ (CB
GLU288
C10 ()
319 " g?'
2
GLU288
C11() (CD,
[343 =~ OE1
OE2
Cl4() - GLU288
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Hydrogen bonds Polar Hydrophobic pi-pi cation-pi Other
(352 (OED)

c70 GLU288

[3.86 (OE2
C9() _ GLu2s8
[3:32 (OE2
C13() GLU288
347 ~ (OE2
Table 12. Crypto-chlorogenic acid interaction
Polar Hydrophobic pi-pi cation-pi Other
04() _ GLU32| C3() _ ALA® | C16() _ TRP94| HA() T(gzg“ 05() _ GLU32
B.71 (OE2 [3:31 (CB [3.89 (Cz2 [3.42 czz)' B.71 (CB
HIS113 HIS113
08() _ TRP94 ci5() H5 () o4() _  GLU32
13.73 (NED) 3.78 (CCI?S' [2.99 (ggl"cctg 13.90 (CD)
Ha4 () TRP94 C16 () HIS113 | H5() TYR116| C4() GLU32
[340 ~  (NE) 373 ~ (CE) [3.79 ~ (CB,CQ| [368 ~  (OE2
o1() _  ASP97 c6() _  GLU32
[3.69 (ODY) [3.64 (OE2
o7() _  ASP97 02() _ Lysss
[3.57 (ODY) [3.42 (CBH
03 () ASP97 H1 () LYS38
324 ~ (ODY B43 ~ (cH
TRP94
H2() ASP97 o8()
[2.48 (oD1) [3.63 57
HIS113
H5 () 09 () TRP94
- (ND1, -
[3.32 NE2) [3.49 (Cz2
06 () SER285 H2 () ASP97
[383 ~  (0G [327 ~ (CB,CQ
Cc2() ASP97
[354 ~  (ODY
C8 () ASP97
[324 ~ (ODY
C9() ASP97
[297 ~ (ODY
03 () ALA98
B2 ~ (CB
H2() ALA98
[3.26 (CB
Ha4 () VAL112
[324 ~ (CB,CG3
08 () VAL112
B354 ~ (CG2
09 () HIS113
[3.8]1 =~  (CD2
C16 () HIS113
358 ~ (NE2
Ci5() _ HIs113
[3.29 (NE2)
C13() HIS113
379 ~ (NE2
09 () TYR116
388 ~ (CB
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Polar Hydrophobic pi-pi cation-pi Other
04 () ILE185
[3.76 (CDY)
H3 () ILE185
[3.63 (CDY)
Table 13. Kaempferol interaction
Polar pi-pi cation-pi Other
TRP94
03 () TRP94 | C70) ngg’* H1 () D1, | 030 TRP94
[383 ~ (NE) [3.60 céz cea [329 T CD2,CE2 [3.74 ~ (CE2
HL) _ TRP94| C10( _ T(gggd' H3() _ TYR255| 04() _ TRP94
[3.2§ (NED | [3.54 ey | [344 C2 | 1383 (€22
TRP94
05 () ASP97 | C1() (CE2, 01 () Tgﬁg“
293 ~ (OD) | [342 ~ CE3 CHZ 357 (czs)’
Cz2,C73
H2(0 _ ASPO7 | C20 T(ggg“ H2 () ASP97
[2.07 ©ODY) | [3.25 . o7 [3.19 (CB, CQ
HIS113 TRP94
04 () c8 () c90) ASP97
- (ND1, - (CE3, _
[3.74 NEg | 1334 23 [3.32 (OD1)
02() _ HISI13| C9( T(g;g4 Cl0() _ ASP97
[3.7§ (NED | [3.48 25 [3.20 (OD1)
06() _ TYR255| c4() T(EESA' 03() _ VALLL2
[3.03 ©H) | [350 vy [3.80 (CG2)
H3 () TYR255| C5( T(EESA' HLO) _ VALL12
[2.10 ©H) | 370 vy [3.47 (CG2)
c30) TRP94 02 () HIS113
364 ~ (CH) [3.40 (CD2)
Cc14() TYR116 04 () HIS113
360 ~ (CE? 363 ~ (CED
TYR116
c120) TYR116 02 ()
— (CB,CD2
[3.34 (CE? [3.25 5. Co
ARG188
C[?1>28C(!) —  (NHL,
: NH2)
Cl4() _ ARGISS
[3.57 (NH2)
c13() TYR255
[38§ ~  (OH)
C15() TYR255
[3.77 ~  (OH)
GLU288
Célgfq) - (Cg,EOEl
2
6 () GLU288
[3.74 ~  (OE)
C13() GLU288
[3.23 (OEY)
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Table 14. Niaziminin interaction

Hydrogen bonds Polar Hydrophobic Other
NL() _ GLN200| O3() _ ASP97 | C11( _ TRP102| 06( _ T(ggg“
[3.44 (OEY) [3.02 (OD1) [3.74 (Cz3 [3.47 CE3, cb
H1 () ASP97 | C11() CYS186| H1() ASP97
213 ~ (ODY) 387 (SO [329 ~ (CB,CQ
02 () ASP97 | C19() PHE199| C8() ASP97
340 ~ (ODY) 350 ~  (CB) 313 ~ (CG, 0D}
06 () ASP97 C11 () ASP97
350 ~ (ODY) 333 ~ (CG, 0D}
04 () SER285 Cc2() ASP97
389 ~ (09 373 ~ (0oDY)
05 () SER285 C18 () ARG188
B71 ~ (09 358 ~ (NH2)
GLN200
H2() _ SER285 S10  _
[2.95 (00 [3.34 (Cg’ET)EZ
04()  GLuzss C16() _ GLN200
[3.02 (OE2 [3.49 (OEY)
C17() _ GLN200
[3.39 (OEQ)
GLU288
€90 _ (CD, OE1
[2.90 OE2)
C7() GLU288
[33 ~  (OE2

Table 15. Ferulic acid interaction

Polar Hydrophobic pi-pi cation-pi Other
04 @) TRP94 | C10 (14) TRP94 C1(6) TRP94 CH2, | H1 (15 HIS113 | 04 @) PHE93
[3.79 ~ (NE) [359 ~ (CD1i,CQ [3.69 Cz2 [362 ~ (CD2 [323 ~ (CB
TRP94 TYR116
03 @) ASP97 | C8 (12 C4 @®) H1 (15) 04 @) TRP94
337 ~ (DY) | [359 (CCI?L 357 ~ RP94ACZY a5y - (D2 Ta59 - (cp1cq
2 CE2
01 @) HIS113 | C7 (11) TEESA' C50) HIS113 C8 (12 TRP94
[3.74 ~ (NE2 [3.74 (CZZ)' [3.09 - (cD2,CqQ [350 ~  (NEJ)
02@ (éEGleﬁ C10@4 _ TRP102| C6 (10 B HIS113 Cc10@4 _ TRPY94
[3.59 N'HZ) 1 [3.57 (cz3 [3.27 (CD2,CQ [3.83 (NED)
H1 (@15 (éEGleﬁ C8(2 _ VALLL2 | C2§) B HIS113 03@) _  ASPY97
[2.99 N'HZ) 1 [3.31 (CG2 [3.57 (CD2) [3.53 (CB,CQ
01 @) ARG188 | C10 (14) VAL112 | C4@) HIS113 03 @) TRP102
319 ~ (NH) [3.71 ~ (CG2 [3.89 B (CD2) 363 ~ (CZ3
TRP102
C1() _ HIS113 o4@
[3.89 (CED) (3.34 (g'zg
TYR116
C6 (10) 04 @) VAL112
Bag ~ (BCP2 351 ~ (CB,CG2
)

C50) _ TYR116 02@ _ HIs113

[3.60 (CD2) [3.26 (CD2)

C1(6) HIS113

388 ~  (NE2

C26) _ HIs113

[3.27 (NE2

C3(@) - HIS113
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Polar Hydrophobic pi-pi cation-pi Other
(357 (NE2
C5 () HIS113
338 =~ (NE2
C6 (10) HIS113
371 ~  (NE2
C9 (13) HIS113
381 ~ (NE2
TYR116
?;f% - (CD2, CE2
’ CG)
C9 (13) ASP187
379 ~ (0DY)
C9 (13) ARG188
[3.23 (NHY)
Table 16. Vanillin interaction
Polar Hydrophobic pi-pi Other
01 (@) ASP97 C8 (11 TRP94 CE3] C4(7) TRP94 CD2| 02(Q)
343 ~  (ODI [3.45 cz3 369 =~ CE2CQ | [38] ~ [RP94CO
TRP94 CD1
02 ) B ASP97 C7 (10) B C6©) B C5 @®) B
[3.12 (OD1) (3.83 TRP94 CZ2 (3.46 CD<2:,(3()3E2, (3.32 TRP94 NEJ)
H1 (12) ASP97 C5@®) VAL112 C2 () TRP94 CE2| C6 ()
234 ~ (oD [3.09 CB.CG | [B41 ~  cz2 327 ~ TRPO4NED
03 ) HIS113 C6©) VAL112 C5@®) TRP94 CE2| 02 @) ASP97 CB,
[3.71 (NE2) [3.37 B (CG2 [3.43 B Cz2 [3.57 B CG)
HIS113
C7 (10 _ C36) TRP94 CH2] H1 (12 _ ASP97 CB,
[3.51 R 13 cz2 [2.99 co)
C7 (10) TYR116 C8 (11) ASP97
[3.73 (CB) [3.79 (OD1)
03 @) HIS113
[3.47 (CD2, CQ
C7 (10) HIS113
[3.73 " (ND1,NE2
03 ) TYR116 CB
[3.50 CD2, CQ
Table 17. 1,2,3-Cyclopentanetriol interaction
Polar Hydrophobic Other
TRP94 CD1
00 ASP97 C( CD2, CE2, 0() TRP94 CE3
[3.00 (OD1) [3.44 CE3 CQ [3.79 CG)
H( ASP97 OD1 C( VAL112 H () ASP97 CB,
[2.03 B 0oD2) [3.39 B (CG2 [2.76 B CG)
C( HIS113 0() ASP97 CB,
[3.559 a (CE)) [3.30 h CG)
C( C( ASP97
355 ~ CYSI86EG 363 (OD1)
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Table 18. Astragalin interaction

Polar Hydrophobic pi-pi cation-pi Other

04 @) TRP94 | C10 (14) TRP94 | C16) 15524 H1 (15) HIS113 | 04 @) PHE93

379 ~  (NED psg ~ conco| ped - GF | pea T oy | B3 T (B
03 @) ASP97 | c8@2) TRP94 | C4 @) TRP94 | H1 (15) TEE;;G 04 @) TRP94
337 ~ (b)) | [B59 ~ (CDL,CE3| 351 ~ (Cz2 | [3.73 %EZ’ 329 ~ (CD1,CQ
01 @) HIS113 | C7 1) TRP94 | C50) HIS113 c8 @2 TRP94
374 ~ (NE2 [3.74 ~ (CE2,Ccz2| [3.09 ~ (CD2,CQ [350 ~  (NE))
02@) (égeﬁﬁi Cl004 _ TRPI02 | C6@0) _  HIS113 Cl0@4 _ TRPY4
13.59 Nz | 185 (Cz3 [3.27 (CD2, CQ [3.83 (NED)
HL (5 (égeliﬁsl c8(2 _  VALLI2 | C26) _ HISI13 03@) _  ASP97
[2.99 Nz | 13 (CG2) [3.51 (CD2) [3.53 (CB, CQ
01 @) ARG188| C10@4) VALLL2 | c4@) HIS113 03 @) TRP102
[3.19 ~—  (NHY 3877 (CG2 [389 ~ (CD2 [363 ~ (CZ3
TRP102

ClE) _ HISI3 oaw
[3.89 (CED) 3.34 (&g
TYR116
C6 (10) 04 @) VAL112
337 ~ (C%GCDZ' 351 ~ (CB,CG2
)

C50) TYR116 020 HIS113

360 ~ (CD2 326 ~ (CD?

C16) HIS113

38§ ~ (NE2

C2 6) HIS113

3271 ~  (NE

c3 () HIS113

35] ~  (NE2

C50) HIS113

33§ ~ (NE2

C6@0 _  HIS113

[3.71 (NE2)

c9 3 HIS113

[3.81] ~ (NE2

TYR116

02@

e (cqgész

co (13 ASP187

[379 ~ (0D

co @3 ARG188

[323 ~ (NHY
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Table 19. Beta Sitosterol interaction

Hydrophobic Interactions
C28 [3.56]- ILE215 CG2)
C28 [3.90]- LEU216 (CD2)
C13 ()B.15-TYR219 CB, CQ]
C23 () [3.60]-TYR219 (CD2)

C290)B.54 - TYR219CE2

C3 ()[3.86]-ILE223 (CG2)

C170B.59 - ILE223(CG2

C20 ()[3.30]-LEU238(CD2)
C29 ()B.48-VAL242 (CB,CG)
C9 ()[3.73]-VAL242(CG2)

C26 ()
[3.01] - ILE245 (CB, CG2)
C24 ()
[3.45] - ILE245 (CG2)
C25 () ILE245
[3.73 - (CG2
C27 ()
[357] - ILE245 (CG2)
C28 ()
[3.84] - ILE245 (CG2)
C29 ()

[3.85] - ILE245 (CG2)
C26 ()
[3.39-LEU246 €CD2, CQ
C29 ()

[3.68] - LEU246 (CG)
C27 ()

[3.38] - LEU246 (CD2)
C27 ()

[3.38] - PHE249 (CD2)

C28 ()[3.77]-PHE249 (CD2, CE2)

Figure 1. 2-Pyrrolidinone ball and stick model
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Figure 2. Linalool oxide ball and stick model

FHE104

Figure 3. Upiol ball and stick model

FHE104

Figure 4. 1,2-Benzenedicarboxylic acid, bis(2-ethiyéxyl) ester ball and stick model
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FHE104

Figure 5. Ellagic acidball and stick model

Figure 6. Gallic acid ball and stick model

PHE104

TRFT02,

Figure 7. Ferulic acid ball and stick model
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FHE104

LEU1DG

FHE104

Figure 9. 1,2,3-Cyclopentanetriol ball and stick mdel

PHE104

Figure 10. Astragalin ball and stick model
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LEU108

FHE104

LEU08

Figure 13. Isoquercetin ball and stick model
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Figure 14. Crypto-chlorogenic acid ball and stick mdel

Figure 16. Niaziminin ball and stick model
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Figure 17. Beta sitosterol ball and stick model

In the present investigation, we found that trypp (94) and histidine(113) from the active site@XCR4

contributed to hydrophobic interaction with Ellagéxrid,Aurantiamideacetate. The hydrophobic intivas

contributed by CXCR4 when interacting with betasierol by tyrosine (219), phenylalanine(249) aswlducine
(245). The nature of amino acids present at thiveasite of receptor are an important to understateraction

studies with ligand. In case of Aurantiamideacetstggrophobic interactions were contributed by Hist (113) and
Isoleucine(284). These amino acids plays cruoial in the docking and non-covalent interaction defined as the
amino acids that can interact with all the seledigghds. Thus these amino acids may play importaletin target
function of CXCR4.

Moringa oleiferaknown for its high nutritional and therapeutic gtial, only since last two decades serious effort
has been made to explore this plant scientificdllgytochemical analyses have shown tfatoleifra is rich in
phenolic acids, flavonoids, alkaloids, phytosteratsl glycosides. These phytochemical classes batitrg to its
diversified pharmacological activities viz. analigesanti-inlammatory, antihypertensive, antioxidaantitumor,
antiarthritic, antispasmodic, antiurolithic and hggprotective, etc. In the present investigatiomphgtochemicals of
M. oleiferawere docked against CXCR4 receptor. After molacdtzcking study of selected phytoconstituents and
considering their docking score, two compounds &fiagic acid and aurantiamide acetate are fourtmbtpromising
candidate against the CXCR4 receptor. Literatumyesuhas shown that ellagic acid and aurantiamicketate
contribute to diverse pharmacological propertieadic acid (EA) is known to possess multiple bgital
activities, such as inhibition of proliferation,giagenesis, oxidation, HIV protease and other msee involved in
inflammation and carcinogenesis [20-23]. WhereastaAtiamide acetate showed significant anti-infleatomy /
antiarthritic and analgesic activity mediated vihibition of TNF-alpha, IL-2 and other cytokineg}2 In vitro and

in vivo studies demonstrate that aurantiamide acetate supgress the growth of human malignant gliomas via
inhibiting intracellular autophagic flux [25]. Frothe above references and our research findingsuggest the
possibility of beta sitosterol, ellagic acid andantiamide acetate to develop as a CXCR4 antagdd@tever,
furtherin vitro andin vivo studies needed to validate their biological pagéént
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