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Species E (B3LYP) E(M06-2X) Species E (B3LYP) E(MO06-2X)
CS -1849.108827  -1848.408257 HU -300.443131  -300.319483
~ CS/HUL  -2149.570352  -2148.754129  CS/HU6  -2149.575390  -2148.759408
CS/HU2  -2149.572604  -2148.753459  CS/HU7  -2149.579752  -2148.762147
CS/HU3  -2149.579586  -2148.758550  CS/HUS  -2149.564735  -2148.745519
CS/HU4  -2149.574850  -2148.755242  CS/HU9  -2149.571018  -2148.756554
CS/HUS  -2149.579430  -2148.764313  CS/HU10  -2149.563949  -2148.741915
(kI Mol™) Jghoxe 36 53 CS/HUL-10 g HU 9 CS (sla s ;S JLait § (o JLebl GG 1Y J9uer
Species AE  AEg; e “Eri/kT P, AE AEg; e “Eri/lkT  p,
B3LYP MoO6-2X
CS/HU1 -48.2 247 48E-05 19E-05 -692 267 2.1E-05 1.9E-05
CS/HU2 -54.2 187 5.2E-04 2.0E-04 -675 285 1.0E-05 9.2E-06
CS/HU3  -725 04 84E-01 33E-01 -80.8 151 22E-03 2.0E-03
CS/HU4  -60.0 129 56E-03 22E-03 -72.1 23.8 6.8E-05 6.1E-05
CS/HUS -72.1 0.8  7.1E-01 28E-01 -959 0.0 1.0E+00 9.0E-01
CS/HUG6 -61.5 114 99E-03 3.8E-03 -83.1 129 5.6E-03 5.0E-03
CS/HU7  -729 0.0 10E+00 39E-01 -902 57 1.0E-01 9.1E-02
CS/HUS -33.5 394 1.2E-07 49E-08 -46.6 493 23E-09 2.1E-09
CS/HU9 -50.0 229 9.6E-05 3.8E-05 -75.6 204 2.7E-04 24E-04
CS/HUI0  -31.5 41.5 54E-08 2.1E-08 -37.2 58.7 5.0E-11 4.5E-11
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B3LYP-H,O MO06-2X-H,O

CS 1.49 -6.41 790 395 0.77 CS 2.60 -8.25 10.84 542 0.74

HU 0.84 -6.52 737 3.68 1.09 HU 2.09 -8.46 10.55 527 0.96

CS/HU1 0.77 -632 7.08 354 109 CS/HU1L 1.98 -8.18 10.16 5.08 095
CS/HU2 0.73 -6.37 7.10 3.55 1.12 CS/HU2 1.96 -8.23 10.19 5.09 0.96
CS/HU3 094 -643 736 3.68 1.02 CS/HU3 2.15 -8.18 1033 5.17 0.88
CS/HU4 096 -634 730 365 099 CS/HU4 216 -825 1041 520 0.89
CS/HUS 0.54 -646 7.00 350 1.25 CS/HUS 1.73 -8.26 10.00 5.00 1.07
CS/HU6  0.73 -6.35 7.08 354 1.11 CS/HU6 1.95 -8.21 10.16 5.08 097
CS/HU7 124 -621 744 372 083 CS/HU7 240 -8.08 1048 524 0.77
CS/HUS 091 -6.38 7.29 365 1.02 CS/HUS 2,12 -823 1035 517 0.90
CS/HU9 1.18 -641 7.59 380 090 CS/HU9 233 -8.25 1058 529 0383

CS/HUI0 1.18 -640 7.58 3.79 0.90 CSHUIO 241 -8.24 1065 532 0.80
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DFT investigation of chitosan nanoparticle as hydroxyurea nanocarrier

Hossein Harati, Ali Morsali*!, Mohammad Reza Bozorgmehr, Safar Ali Beyramabadi

!Department of Chemistry, Mashhad Branch, Islamic Azad University, Mashhad, Iran

Submited: 14 November 2021, Revised: 04 February 2022, Accepted: 22 February 2022

Abstract

Chitosan nanoparticles are widely used in anticancer drug delivery systems due to their unique properties.
Ten various structures (Chitosan/ Hydroxyurea 1-10) were optimized to study the interaction between
hydroxyurea and chitosan nanoparticles. The binding energies were evaluated using B3LYP and M06-2X levels
to consider dispersion corrections. Appropriate values of binding energy indicate high drug loading due to the
formation of multiple hydrogen bonds between hydroxyurea and chitosan. Examination of quantum molecular
descriptors revealed that hydroxyurea does not undergo much change in its electronic structure in the drug
delivery system, which is a great advantage. Calculation of binding energies showed that the most stable

structures (structures 5 and 7) play a major role in this drug delivery system due to the formation of hydrogen
bonds.
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