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Applying DFT functionals (B3LYP and M06-2X), ten structures for the adsorption of decitabine medicine (DC) onto a
chitosan nanocarrier (CHIT) were studied. The solvation and binding energies were evaluated in solution (water) and
gas phases. Here, we used the negative values of binding energies to represent the energetic stability of ten structures
(CHIT/DC1-10). The solvation energies showed that the solubility of DC drug increased near the CHIT nanocarrier and
thus it could be a main element for the applicability of any nanocarrier. Here, the quantum molecular descriptors
revealed that the toxicity of DC in ten structures was reduced to some extent and its own reactivity increased.
Analyzing the data obtained by the Atoms in Molecules (AIM) method for CHIT/DCI-10, it has been found that the

hydrogen bonds are an essential element in the non-covalent functionalization of CHIT with DC.
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INTRODUCTION

For decreasing the issues of anticancer drugs,
such as low selectivity, high toxicity, side effects,
water insolubility and poor stability, many studies
have already been conducted on drug delivery
systems. Many of these studies have been carried
out on carbon-based nanocarrier systems, like
carbon nanotubes,l'5 dendrimers,6 liposomes,7
drug-polymer conjugates,® C60 and chitosan.”"
Chitosan is a good drug carrier obtained from the
chitin polysaccharide.

Nanostructures of  chitosan (chitosan
nanoparticles) have already been applied in drug
delivery systems due to their properties, such as
biocompatibility, non-toxicity, high permeability,
renewability, solubility in mild acid, low
allergenicity, and biodegradability of surface
functional groups (NH, and OH)."""'® Chitosan
has many properties that are linked to its primary
amine group, including hydrogen bond formation,
muco-adhesion, cationic nature, controlled drug
release, antimicrobial activity, and permeation
enhancement.'"'” Different forms of chitosan and
its derivatives have been used as gels, films,
fibers, beads, solutions and powder.m

Chitosan nanoparticles have been successfully
used as carrier molecules as they demonstrated
that lower doses of anticancer drugs are sufficient,
thus decreasing their side effects. Thus, chitosan
has been used as carrier for various anticancer
drugs, such as decitabine,'®?! doxorubicin,*' >
cisp121.tin,24’25 nifedipine,%’27 methotrexate,”’28
melphalan,29 paclitaxel,”’3 ' artemisinin,”* 10-
hydroxycamptothecin, capecitabine,™
etoposide,35 gemcita\bine,%’37 and
mercaptopurine.” In addition, chitosan has been
also reported as drug carrier for Alzheimer’s
illness,”” HIV,***! inflammation** and bacteria.*”

We used quantum computing since it is a
really powerful tool for analyzing drug delivery
systems.”™* In this article, we used quantum
chemical calculations to review non-covalent
functionalization of chitosan with decitabine.
Researchers can benefit from the results to
develop and apply targeted anticancer drugs and
shorten the trial-and-error process in the lab.
Morever, decitabine (trade name Dacogen), or 5-
aza-2-deoxycytidine, could act as a nucleic acid
synthesis inhibitor. This is a drug for treatment of
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myelodysplastic syndromes, a category of
situations where certain blood cells are
dysfunctional, as well as for acute myeloid
leukemia.

EXPERIMENTAL
Computational method

In this paper, the GAUSSIAN 09 package®® was
applied to optimize the key structures in gas phase and
solution phase at MO06-2X*°/6-31G(d,p)® and
B3LYP’'/6-31G(d,p) levels of theory. Considering the
implicit solvent effects, the polarized continuum model
(PCM) was utilized.>>> In addition, we used the
standard convergence criteria for optimization of the
molecular structures. For all species, we optimized the
degrees of freedom. Furthermore, we considered zero-
point corrections. Having only one imaginary
frequency of the Hessian, we examined these transition
states.

Quantum molecular descriptors enable examining
chemical reactivity and stability; n as global hardness
represents the resistance of one particle against the
modification in its electronic structure:

n=(l-A)/2 M
in which [ =—F om0 and A =—FE, o @ the
ionization potential and the electron affinity,

respectively. The electrophilicity index (W)** can be
evaluated by:

e e ) Y
D S
‘0'/- G. > c /é @
¢
P #*e
¢
CHIT
wib&)'
'S p % A (\s*
0 cw e AL
4 ey, Eﬁ* ;'9,&
A 16 ¢ 0
Lo 9\: &Jm& P eu\*
Soagle ¢ e
v
Y
CHIT/DC1 ¢
ci
u{* 1
ob/ee ¢ CHIT/DC2
Je® j}mu')%
Aa‘;\‘”’.\?‘z
LY TS5
“Kw.c;‘gg\ & ¢ 5‘[;9‘}
i ¢ ° °
CHIT/DC4

Figure 2: Optimized structures of CHIT/DC1-
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w = (I+ A)*/8n )
We used the QTAIM (Quantum Theory of Atoms in
Molecules) calculations to study the hydrogen bond.
AIMAIl software55 was applied for QTAIM
calculations. Topological parameters as electron
density p(r)56 were used in QTAIM. The nature of the
bonds in various species was identified to analyze
various values of electron density, such as Vb
(potential energy density), Gb (kinetic energy density),
V2p (Laplacian of electron density) and Hb (total
energy density) at a bond critical point (BCP).

RESULTS AND DISCUSSION

Using a polymer sequence with 3 monomer
units, chitosan nanoparticles were modeled. The
optimized configuration of the chitosan
nanoparticle (CHIT) and decitabine (DC) are
presented in Figure 1. The interaction of
decitabine, which consists of one CO, one NH,,
two OH, one O and three N functional groups,
with the chitosan nanoparticle has been evaluated
for ten different structures (CHIT/DC1-10). The
optimized configurations of CHIT/DCI-5 and
CHIT/DC5-10 are illustrated in Figures 2 and 3,
respectively (in aqueous solution at M06-2X/6-
31G (d, p) level of theory).
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Figure 3: Optimized structures of CHIT/DC6-10
Table 1
Binding (AE) and solvation (AE,,,) energies (kJ mol'l) for optimized geometries
Species AEZRT AT AEfve AR AENen AEme o
DC -65.8 -67.3 - - - -
CHIT -87.9 -85.8 - - - -
CHIT/DC1 -153.5 -159.6 -56.0 -55.8 -66.2 -72.8
CHIT/DC2 -148.5 -120.5 -65.5 -60.3 -130.5 -98.0
CHIT/DC3 -118.7 -127.4 -106.8 -71.8 -152.5 -126.9
CHIT/DC4 -149.0 -87.9 -75.0 -70.3 -154.9 -89.7
CHIT/DC5 -149.4 -84.5 -47.5 -43.2 -129.1 -60.5
CHIT/DC6 -138.7 -162.9 -60.9 -45.8 -53.9 -63.7
CHIT/DC7 -148.1 -157.8 -61.5 -55.9 -74.5 -79.2
CHIT/DC8 -165.8 -137.2 -68.6 -80.7 -125.2 -109.4
CHIT/DC9 -142.9 -115.9 -83.2 -72.4 -144.6 -107.5
CHIT/DC10 -145.7 -117.4 -93.9 -85.8 -163.0 --127.3
Interaction (binding) energies (AE) for 119.44 kJ mol™ and -71.89 kJ mol™ on average at

CHIT/DCI1-10 structures were calculated using
the following equation:
AE = Ecurr/pai-10 — (Ecarr + Epc) (3)
Table 1 shows the AE values at both levels of
B3LYP and M06-2X in aqueous solution and gas
phase. The AE values calculated by M06-2X
functional are more negative than those of
B3LYP. Unlike B3LYP, dispersion corrections’’
are considered by M06-2X functional; therefore,
these interactions (dispersion corrections) emerge
as interesting forces. The AEs in gas phase (-

MO06-2X and B3LYP, respectively) are more
negative than those in aqueous solution (-93.5 kJ
mol” and -64.2 kJ mol” on average at M06-2X
and B3LYP, respectively) because the solvent
molecules compete with the drug molecules for
adsorption. On the other hand, the interaction
energies are negative for both functionals,
showing that the surface adsorption of the
decitabine drug onto the chitosan carrier is good.
The AEs were determined by the orientation of
decitabine in accordance with the adsorbent.
Based on the results obtained by both B3LYP and
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MO06-2X functionals, among the 10 different
structures, CHIT/DC10 has the most negative
connection energy in aqueous solution (probably
the most stable one), where the NH, and N
functional groups of DC interact with the NH,
and OH functional groups of CHIT, respectively
(Fig. 3). Concerning stability, the CHIT/DC3
structure is positioned as the second one in
aqueous solution. The range of binding energy
values is in agreement with the values obtained
from the interaction of chitosan with other
biological and therapeutic agents.”®® Due to the
large negative AEs, it is predicted that sufficient
drug loading will be achieved.®"**

The solvation energies (AE, ;) were

evaluated using the following equation (Table 1):
AE . = Enq - Esrns “4)

where Egas and E ag show the energies (sum of
electronic and zero-point energies) in the gas
phase and solution phase, respectively.

An appropriate carrier for a specific drug
should increase the solubility of the drug in
aqueous solution. The AE,,, of DC (-67.3 kJ
mol” and -65.8 kJ mol” at M06-2X and B3LYP,
respectively) becomes more negative in the
current presence of chitosan (-127.1 kJ mol™ and -
146.0 kJ mol’ on average at MO06-2X and
B3LYP, respectively), so the solubility of DC is
increased by CHIT. The primary reason for the
increase in solubility and strong interactions
relates to the forming of hydrogen bonds between
the drug and the carrier, which is discussed in

CHIT/DC3
Figure 4: Molecular graph of CHIT/DC1-5; small green spheres and dotted lines relate to the bond critical points (BCP)
and the bond paths, respectively
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detail within the next part by the quantum theory
of atoms in molecules. Considering the
intermolecular hydrogen bonds more closely,
charge density properties are used. The
interactions were evaluated by QTAIM research.
The character and strength of an interaction could
be displayed by V<pfr) and p(r), respectively.
Nevertheless, the signs of Vg and H present the
nature of the interactions. If, (V:p = 0, Hy = 0),
(T:FI et ﬂ, Hy < U) and (T:p < ﬂ, Hy < U), then
weak, medium and strong interactions are
expected, respectively.®* The character of an
interaction can be defined by -Gu/Vs. For
—Gp/Vy > 1 and 0.5 < =G»/Vu< 1, non-covalent
and partially covalent characters are predicted,
respectively.

The molecular graphs of CHIT/DCI-5 and
CHIT/DC 6-10 in aqueous solution at M06-2X/6-
31G** level of theory are shown in Figures 4 and
5, respectively. The atoms participating in the
interactions will be marked in the figures. The
p(r), V2p(r), Hs, Gu, V» and —G,/V, values for
these interactions are displayed in Table 2 (at
MO06-2X/6-31G** level of theory in aqueous
solution). The hydrogen bond energy (Egg)

continues to be approximated by the following
equation:

E,, =—L (&)

Ne %

©
\j CHIT/DC4
N77

CINIT/DCS



CHIT/DCé6

Jus]

1197-6/();\.‘"""
)

Chitosan

CHIT/DC7

& CHIT/DCY

CHIT/DC10
N

Figure 5: Molecular graph of CHIT/DC6-10; small green spheres and dotted lines relate to the bond critical points
(BCP) and the bond paths, respectively

In the structures, we face two forms of
hydrogen bonds, i.e., O-H and N-H. We started
with the most stable species (CHIT/DC10), where
the NH, and N functional groups of DC approach
the NH, and OH functional groups of CHIT,
respectively. The H96---N18
(Egg = —31.3 kJmol™?) and H95:--064
(Eyg = —30.8%kJmol™)  connections  with
Vip=0, Hy, <0, 0.5 < —G3/Vy< 1 are medium
hydrogen bonds, in which the first one
(H96:-:N18) with —G,/V, = 0.9270 is the
strongest hydrogen bond in all the structures. The
H56:--072, H38:--N77, H37---072, H92--:063,
N76---O41 and H34---N76 interactions with
Vip =0, Hy > 0 and —G,/Vy> 1 relate to weak
hydrogen bonds. Because of this structure, the
sum of the hydrogen bond energies (L2, E5) is
—109.7 kfmol™ In addition to the bond critical

points of the hydrogen bonds, there are two other
interactions between oxygen and nitrogen (N77-
019 and N77-020), as seen in Figure 5

(CHIT/DC10).
In CHIT/DC3, the second most stable
configuration (¥, Ejz = —118.9kJmoal™) N

and NH, functional groups of DC approach the

OH and O functional groups of CHIT. This
structure provides medium hydrogen bonds, the
most powerful of which is the H97---NI18
(Eyg = =343 kJmol™).  Three  additional
interactions (H34---N77, H18---019, H96---042,
H92---061 and H94---072) will be classified as
weak hydrogen bonds. One of them is related to
O-H interaction.

The third most stable species will be
CHIT/DC2 (BE, Ehp = —111.2kJmol™Y),
where the OH and CO functional groups of DC
connect to the CH,OH and NH, functional groups
of CHIT, respectively. In this particular structure,
three medium hydrogen bonds are distinguished.
CHIT/DC1 (%2, Ef,p = —63.3kJmol™?) has two
medium and one weak hydrogen bond. Within it,
the NH, functional groups of DC connect to the
CH,OH functional groups of CHIT.
We actually found that

CHIT/DCS8
(35 Ehys = —859k/mol™"),  includes 1

medium hydrogen bond (H38---N76) with
Eug = —349k/mol™%,  where the NH,

functional group of DC approaches the OH
functional group of CHIT.

683



MAHNAZ RAHBAR et al.

Table 2
Topological parameters in a.u. and hydrogen bond energy (Eyg) in kJ mol ™ for CHIT/DC1-10 at M06-2X/6-31G** level of
theory
Atoms pr)  Vip(r) Gy Vs Hy —G6J/V, Ema
CHIT/DC1

H58-073 0.0070 0.0226 0.0050 -0.0044 0.0006 1.1388 -5.8
H59-N75 0.0399 0.1018 0.0275 -0.0296 -0.0021 0.9300 -38.8
063-H97 0.0175 0.0543 0.0139 -0.0143 -0.0003 0.9765 -18.7
CHIT/DC2
H37-073 0.0098 0.0307 0.0073 -0.0069 0.0004 1.0573 -9.0
H13-070 0.0073 0.0288 0.0062 -0.0053 0.0010 1.1852 -6.9
041-H9 0.0131 0.0388 0.0099 -0.0100 -0.0002 0.9828 -13.2
H13-071 0.0106 0.0326 0.0079 -0.0076 0.0003 1.0363 -10.0
H36-071 0.0115 0.0368 0.0087 -0.0082 0.0005 1.0604 -10.8
N39-H93 0.0364 0.0852 0.0233 -0.0253 -0.0020 0.9211 -33.2
H53-073 0.0185 0.0593 0.0151 -0.0153 -0.0002 0.9846 -20.1
N39-H88 0.0094 0.0316 0.0070 -0.0061 0.0009 1.1471 -8.0
CHIT/DC3
H34-N77 0.0078 0.0312 0.0064 -0.0050 0.0014 1.2800 -6.6
042-H9% 0.0162 0.0549 0.0137 -0.0136 0.0001 1.0047 -17.8
N18-H97 0.0362 0.0897 0.0243 -0.0262 -0.0019 0.9275 -344
061 -H92 0.0047 0.0181 0.0036 -0.0028 0.0009 1.3211 -3.6
H38-N75 0.0101 0.0373 0.0082 -0.0071 0.0011 1.1535 -9.3
H9-073 0.0089 0.0275 0.0064 -0.0060 0.0004 1.0738 -7.9
C84-H91 0.0078 0.0314 0.0060 -0.0042 0.0018 1.4270 -5.6
072-H9% 0.0127 0.0415 0.0100 -0.0096 0.0004 1.0387 -12.6
041-H91 0.0122 0.0368 0.0092 -0.0092 0.0000 1.0029 -12.0
0O41-H87 0.0100 0.0312 0.0074 -0.0069 0.0004 1.0616 -9.1
CHIT/DC4
H37-N77 0.0083 0.0250 0.0056 -0.0049 0.0007 1.1441 -6.4
H32-N74 0.0086 0.0314 0.0067 -0.0057 0.0011 1.1941 -7.4
072-H9% 0.0138 0.0448 0.0109 -0.0106 0.0003 1.0298 -13.8
N39-H87 0.0092 0.0288 0.0065 -0.0058 0.0007 1.1244 -7.6
CHIT/DC5
H31-073 0.0087 0.0297 0.0067 -0.0060 0.0007 1.1242 -7.8
H55-N77 0.0060 0.0197 0.0042 -0.0035 0.0007 1.1988 -4.6
H55-N75 0.0063 0.0211 0.0045 -0.0037 0.0008 1.2148 -4.8
H51-N75 0.0111 0.0342 0.0077 -0.0068 0.0009 1.1329 -8.9
CHIT/DC6
H55-071 0.0082 0.0277 0.0062 -0.0054 0.0008 1.1413 -7.1
062-H93 0.0319 0.0990 0.0253 -0.0259 -0.0005 0.9788 -33.9
068 -H86 0.0077 0.0302 0.0063 -0.0051 0.0012 1.2384 -6.7
068 - H88 0.0079 0.0307 0.0064 -0.0052 0.0013 1.2418 -6.8
CHIT/DC7
H32-070 0.0056 0.0246 0.0050 -0.0039 0.0011 1.2879 -5.1
N39-H94 0.0086 0.0363 0.0073 -0.0055 0.0018 1.3270 -7.2
068-H92 0.0084 0.0300 0.0065 -0.0054 0.0010 1.1909 -7.1
N60 - H89 0.0083 0.0256 0.0056 -0.0049 0.0008 1.1531 -6.4
CHIT/DC8
041-H9% 0.0121 0.0410 0.0099 -0.0095 0.0004 1.0413 -12.4
H9 -N77 0.0073 0.0239 0.0052 -0.0045 0.0007 1.1665 -5.9
H9-N75 0.0058 0.0196 0.0041 -0.0033 0.0008 1.2384 -4.3
H38-N76 0.0357 0.0986 0.0256 -0.0266 -0.0010 0.9637 -34.9
H67-N75 0.0175 0.0541 0.0133 -0.0131 0.0002 1.0157 -17.2
042-H9% 0.0115 0.0382 0.0091 -0.0086 0.0005 1.0582 -11.2
H9 -N77 0.0073 0.0239 0.0052 -0.0045 0.0007 1.1665 -5.9
H9 -N75 0.0058 0.0196 0.0041 -0.0033 0.0008 1.2384 -4.3
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H38-N76 0.0357 0.0986 0.0256 -0.0266 -0.0010 0.9637 -34.9

H67-N75 0.0175 0.0541 0.0133 -0.0131 0.0002 1.0157 -17.2

042-H94 0.0115 0.0382 0.0091 -0.0086 0.0005 1.0582 -11.2

CHIT/DC9

064 -H9% 0.0173 0.0592 0.0147 -0.0146 0.0001 1.0071 -19.1

H35-C85 0.0105 0.0408 0.0083 -0.0064 0.0019 1.2909 -8.4

072-H9% 0.0191 0.0555 0.0147 -0.0155 -0.0008 0.9471 -20.3

041-H87 0.0119 0.0392 0.0094 -0.0089 0.0004 1.0483 -11.7

CHIT/DC10

N18-H9 0.0345 0.0814 0.0221 -0.0238 -0.0017 0.9270 -31.3

H38-N77 0.0045 0.0177 0.0036 -0.0028 0.0008 1.3021 -3.6

H34-N76 0.0094 0.0344 0.0074 -0.0063 0.0012 1.1855 -8.2

H56-072 0.0098 0.0368 0.0080 -0.0067 0.0012 1.1839 -8.8

063-H92 0.0114 0.0338 0.0083 -0.0082 0.0001 1.0165 -10.7

H35-072 0.0095 0.0358 0.0077 -0.0065 0.0012 1.1849 -8.6

064 -H95 0.0294 0.0925 0.0233 -0.0235 -0.0002 0.9920 -30.8

Table3
Quantum molecular descriptors (eV) for optimized geometries
Species Eiomo Erwmo Eg 77 @  Species Enomo Erumo  Eg n w
B3LYP-H,0 MO06-2X-H,0
DC -6.94  -098 596 298 2.63 DC -8.53 0.09 863 431 207
CHIT -6.41 149 790 395 0.77 CHIT -8.16  2.69 1085 5.42 0.69
CHIT/DC1 -6.41 -1.20 521 260 2.78 CHIT/DCl1 -8.18  -0.14 8.04 4.02 2.15
CHIT/DC2 -6.46  -1.05 541 270 2.61 CHIT/DC2 -8.22  0.02 824 412 204
CHIT/DC3 -6.54 -1.04 551 275 261 CHIT/DC3 -8.22 0.04 826 4.13 2.03
CHIT/DC4 -641  -099 542 271 253 CHIT/DC4 -8.19  -0.11 8.08 4.04 2.3
CHIT/DC5 -640 -091 549 275 243 CHIT/DCS -8.18  0.14 832 416 194
CHIT/DC6 -642  -095 547 273 249 CHIT/DC6 -8.19 012 832 416 1.96
CHIT/DC7 -6.45 -121 525 262 280 CHIT/DC7 -8.19 011 830 4.15 197
CHIT/DC8 -6.20 -0.87 533 2.66 234 CHIT/DC8 -8.02  0.11 813 4.06 192
CHIT/DC9 -6.51 1.18 533 267 277 CHIT/DC9 -8.22  -027 795 397 226
CHIT/DC10 -6.53 -095 558 279 251 CHIT/DCI0O -8.19 0.11 831 415 197
B3LYP-GAS M06-2X-GAS

DC -6.61 -0.77 584 292 234 DC -8.20 030 850 425 1.83
CHIT -6.02 135 737 3.69 0.74 CHIT -7.97 260 10.39 5.19 0.65
CHIT/DC1 -596  -1.22 474 237 272 CHIT/DCI1 -7.68  -0.14 754 3.77 2.03
CHIT/DC2 -6.06 -091 5.15 257 236 CHIT/DC2 <775 019 794 397 1.80
CHIT/DC3 -6.20 -0.61 5.59 2.80 2.07 CHIT/DC3 <796 032 828 4.14 1.77
CHIT/DC4 -6.12  -0.81 531 266 226 CHIT/DC4 -8.08 0.08 816 4.08 1.96
CHIT/DCS5 -5.60  -0.63 497 248 195 CHIT/DCS5 <779 066 845 423 150
CHIT/DC6 -5.80 -0.77 5.03 2.51 2.15 CHIT/DC6 -7.81  0.62 843 421 1.53
CHIT/DC7 -6.06 -1.02 5.05 252 248 CHIT/DC7 <773 057 830 4.15 1.55
CHIT/DC8 -5.87 -0.82 5.04 252 222 CHIT/DC8 -7.65 039 805 402 1.64
CHIT/DC9 -6.14  -1.10 5.05 3.52 2.60 CHIT/DC9 -791  -001 790 395 198
CHIT/DC10 -6.19 -046 5.73 286 193 CHIT/DCI0 -8.03 031 833 4.17 179

Similar states are found for CHIT/DC9 and

CHIT/DC6 (BB, Eip = —59.5 kJmol™Y),
8 EL_= —545mol~! where the OH and N

dij=1“HE
functional groups of DC connect to OH and NH,
functional groups of CHIT, respectively. Probably
the most unstable structure relates to CHIT/DCS
(B Ebg=—26.1kJmol™) where the NH,
functional group of DC approaches the CH,OH

functional group of CHIT. The configuration has
4 weak interactions, 3 of which are related to N-H
interactions (H55---N77, H55---N75 and
H51---N75).

In Table 3, quantum molecular descriptors
(electrophilicity power (i) and global hardness

(7)) and E, gap of energy between LUMO (lowest
unoccupied molecular orbital) and HOMO
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(highest occupied molecular orbital) for DC,
CHIT and CHIT/DC1-10, at M06-2X and B3LYP
levels, are described (in both phases).

Considering Table 3, E, and # of DC and
CHIT/DCI1-10 are almost identical. The
parameters decreased in CHIT/DC1-10 structures.
However, there is absolutely no considerable
charge transfer between DC and CHIT. This is
perfect for a drug delivery system, because the
DC drug could be easily released from the
exterior surface of this CHIT carrier. E, and
values of CHIT/DC10 and CHIT/DC3 in aqueous
solution are larger compared to those of other
structures, which demonstrates that they are more
stable than other structures. Because ¢ can be

used to predict toxicity, it might be assumed that
the toxicity of DC in the presence of CHIT will
on average decrease.

CONCLUSION

Ten configurations of the non-bonded
interactions of decitabine drug (DC) with chitosan
(CHIT) nanocarrier were studied at B3LYP and
MO06-2X density functional levels in aqueous
solution and gas phase (CHIT/DCI1-10). The
negative values of the binding energies
demonstrated that the functionalization of CHIT
with DC is energetically suitable. Solvation
energies displayed that the solubility of DC
increases in the presence of CHIT. Considering
the electrophilicity power, the HOMO-LUMO
energy gap and the global hardness, it may be
assumed that the toxicity of DC in CHIT/DCI1-10
will be reduced to some extent and its reactivity
will increase. In addition, as shown by the AIM
studies, the non-covalent adsorption of the drug
on the carrier is mainly related to the hydrogen
bonds. According to the AIM results, stronger and
more hydrogen bonds exist in the most stable
configuration (CHIT/DC10), where the NH, and
N functional groups of DC interacts with the NH,
and OH functional groups of CHIT, in the
respective order.
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