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Identification of new drug candidates for the HIV reverse
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on molecular docking and quantum mechanics
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Abstract. AIDS (Acquired Immunodeficiency Syndrome) is a severe condition caused by infection with the Human
Immunodeficiency Virus (HIV), which weakens the immune system, leaving the body vulnerable to infections and
certain cancers. HIV replicates through several enzymes, one of which is reverse transcriptase. To manage HIV
effectively, combination therapies like HAART (Highly Active Antiretroviral Therapy) are used, combining multiple
drugs to enhance effectiveness and prevent resistance. This study aims to evaluate the efficacy of drugs such as
Nevirapine, Raltegravir, Indinavir, and new drug candidates in inhibiting reverse transcriptase. Using computational
methods like B3LYP and the 6-311G basis set, the structures of these drugs were optimized, and their thermodynamic
parameters were calculated. ADMET properties of both existing and designed compounds were predicted to assess their
potential as drugs. Molecular docking simulations were then performed to evaluate the inhibitory effects of Nevirapine,
Raltegravir, Indinavir, and new compounds (NVP2, RAL2, IND2). The best binding energies were -9.34, -11.28, and -
9.30, respectively, indicating strong inhibitory potential. The simulations demonstrated that the new drug candidates
NVP2, RAL2, and IND2 show promising results in inhibiting HIV-1 reverse transcriptase, making them potential
candidates for further development.
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Figure 1. Panel (1) reverse transcriptase enzyme (I1) chemical structure of HIV-RT inhibitors Nevirapine (NVP),

Raltegravir (RAL) and Indinavir (IND)
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(IND, IND1-IND2-IND3)-

Figure 4. Surface electron potential for analogs (NVP, NVP1-NVP2-NVP3)-( RAL,RAL1-RAL2-RAL3) -(IND,
IND1-IND2-IND3)
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OF Y)Y VI-AA Y o)l V) alo oy psle s s sloazil

(IND, IND1-IND2-IND3)-( RAL,RAL1-RAL2-RAL3)- (NVP, NVP1-NVP2-NVP3) (leSll S 655 -V Jou
Table 1. The total energy of the analogs (NVP, NVP1-NVP2-NVP3)-( RAL,RAL1-RAL2-RAL3) -(IND, IND1-

IND2-IND3)
Conformer ET ET rr?oifnoelr?t Anl]%za Anl]r:)za Eg " N S ®
(HOMO) | (LUMO)

(HF) (eV) (Debye) (eV) (eV) eVv) | (V) | (V) | (eV-1) | (eV)

NVP -874.17 | -23777.57 69.81 -6.08 -1.57 451 | -382| 225 | 0.22 3.24
NVP1 -1404.45 | -38201.05 | 142.82 -6.23 -1.76 447 | -3.99 | 223 | 0.22 3.57
NVP2 -1480.89 | -40280.42 | 156.44 -6.36 -2.12 424 | 424 | 212 | 0.23 4.24
NVP3 -1292.56 | -35157.73 73.97 -5.26 -0.83 443 | -3.04 | 221 | 0.22 2.09
RAL -1579.15 | -42953.05 | 176.79 -6.44 -2.19 425 |-431| 212 | 0.23 4.38
RAL1 -2207.21 | -60036.32 | 381.56 -6.17 -2.62 3.55 | -439 | 1.77 | 0.28 5.44
RAL2 -2231.24 | -60689.98 | 285.31 -7.09 -4.30 279 | -5.69 | 1.39 | 035 | 11.62
RAL3 -2387.80 | -64948.17 | 235.33 -6.51 -2.26 425 | -438| 212 | 0.23 4.52
IND -1974.70 | -53712.08 39.03 -5.85 -0.85 5 -3.35| 250 | 0.20 2.24
IND1 -2048.69 | -55724.44 | 105.29 -5.48 -069 | 479 |-3.08|239| 020 | 1.98
IND2 -2657.88 | -72294.55 | 105.22 -5.59 -1.04 455 |-331| 227 | 021 241
IND3 -2205.94 | -60001.58 | 104.02 -5.49 -0.70 | 479 | -3.09 | 239 | 0.20 | 1.99

ET = Total energy, HOMO = highest occupied molecular orbital, LUMO = lowest unoccupied molecular orbital,
Eg = energy gap, u = Chemical potential, n = Chemical hardness, S = Chemical softness,
o = Electrophilic index
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RAL1-RAL2-RAL3)- (NVP1-NVP2-NVP3) _ s csle wails 5 INDy RAL NVPELLS 5 LlarssSspeb (olss oy ¥ Jguir

(IND1-IND2-IND3)~(

Table 2- Review of physicochemical properties of NVP, RAL and IND compounds and drug candidates (NVP1-
NVP2-NVP3)-( RAL1-RAL2-RAL3) -( IND1-IND2-IND3)

Composition PPB TPSA SAscore Pfizer Rule . ng- logS logP
inhibitor

NVP 62.156% 58.120 2.594 + - -4.193 1.612
NVP1 52.809% 134.330 3.520 + - -4.587 0.893
NVP2 86.010% 162.300 3.300 + - -4.702 0.854
NVP3 48.809% 151.350 3.765 + - -3.788 0.197
RAL 88.31% 152.24 2.871 + - -2.743 0.728
RAL1 97.65% 208.89 4.039 + - -4.354 0.633
RAL2 90.89% 287.22 4,278 + - -3.965 -0.186
RAL3 100.589% 181.340 3.594 + + -4.752 2.486
IND 92.295% 118.030 4.094 + + -2.993 3.534
IND1 92.644% 138.260 4,186 + - -2.623 1.952
IND2 79.665% 213.530 4.831 + - -2.977 0.300
IND3 96.267% 138.260 4,337 + - -3.093 4,357

PPB = plasma protein binding, TPSA = topological polar surface area, Sascore = synthetic accessibility score,

logS = aqueous solubility, logP = octanol-water partition coefficient
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OF Y)Y VI-AA Y o)l V) alo oy psle s s sloazil

HIV-1RT L oss Sisls slag s (IE) JsUse o 5551 5 (Ki) S losl 2o (BE) Jlasl (5351 =¥ Jgor
Table 3. Binding energy (BE), inhibition constant (Ki) and intermolecular energy (IE) of drugs docked with

HIV-1RT
Drug name BE (kcal/mol) KI (nM) IE (Kcal/mol)
NVP -8.77 374.57 -9.07
NVP1 -8.73 396.99 -10.52
NVP2 -9.34 142.78 -11.43
NVP3 -8.82 343.25 -115
RAL -9.13 201.56 -11.22
RAL1 -10.64 15.79 -13.63
RAL2 -11.28 541 -14.56
RAL3 -10.83 1151 -14.71
IND -8.41 684.07 -12.59
IND1 -9.25 166.3 -13.42
IND2 -9.3 151.47 -15.27
IND3 -8.72 407.56 -13.19
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Figure 5 . Hydrogen bonding and hydrophobic interactions of NVP with HIV-1 RT binding site amino acids
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Figure 6 . Hydrogen bonding and hydrophobic interactions of NVP2 with HIV-1 RT binding site amino acids
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Figure 7 . Hydrogen bonding and hydrophobic interactions of RAL with HIVV-1 RT binding site amino acids
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Figure 8 . Hydrogen bonding and hydrophobic interactions of RAL-1I with HIV-1 RT binding site amino acids
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Figure 9. Hydrogen bonding and hydrophobic interactions of IND with HIVV-1 RT binding site amino acids
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Figure 10 . Hydrogen bonding and hydrophobic interactions of IND-II with HIV-1 RT binding site amino acids
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