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Abstract In the present study, we assessed improvement of anti-inflammatory activity and drug

delivery of sulfasalazine (SSZ) by the poly(lactic-co-glycolic acid), (PLGA), in H2O and dichloro-

methane (DCM) environments via density functional theory (DFT), ADMET, and molecular
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docking. Our calculated results based on binding energy and thermodynamic parameter represents

that the interaction between SSZ and PLGA in Complex A via double hydrogen bonds is stronger

in comparison with Complex B. The analysis of Ultraviolet–visible (UV–VIS) spectra proved the

interaction of SSZ with PLGA by time-dependent density functional theory (TDDFT). Infrared

(IR) spectra demonstrated that the structure of PLGA was shifted in the presence of the SSZ.

The interaction of SSZ with PLGA leads to an increase in dipole moment and higher solubility with

more negative Gibbs free solvation energy (DGsolv) values and lowering of the energy gap (Eg). The

obtained results by Molecular docking demonstrates that the interaction of SSZ via its carboxylate

group with PLGA (complex A) had a strong interaction towards the binding pocket of the target

and as a potential inhibitor of the COX-2, TNF-a, and IL-1 receptors at the binding site as com-

pared with the complex B.

� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Because of their tailorable features, poly-lactic-co-glycolic acid
(PLGA) microparticles are rapidly gaining significance in the

field of nanomedicine (Rezvantalab et al., 2020). PLGA poly-
mers are the Food and Drug Administration (FDA) approved
that consists of a synthetic copolymer of a-hydroxy propanoic
acid (lactic acid) and hydroxy acetic acid (glycolic acid) (Li and

Jiang, 2018; Rezvantalab et al., 2018; Rezvantalab and
Moraveji, 2019). PLGA microparticles because of its
biodegradable and biocompatible nature are particularly

attractive as one of the most commonly applied to deliver
DNA vaccines and noncondensing microparticles in intestinal
gene delivery (Bolhassani et al., 2014; Amirmahani et al., 2017;

Ghavidast et al., 2014; Rineh et al., 2007; Ghavidast and N.O.
, 2016). In this research, we used PLGA microparticles to
delivery of SSZ in both polar (H2O) and nonpolar (CH2Cl2)

solvents and its effects on inhibition of COX-2 activity and
and proinflammatory cytokines like TNF-a and IL-1.

SSZ is known as a disease-modifying anti-rheumatic drug
(DMARD) and nonsteroidal anti-inflammatory (NSAID) gen-

erally employed for the decrement of rheumatoid arthritis,
Crohn’s disease, ulcerative colitis, inflammatory bowel disease,
and immunosuppressive attributes (Malaekehpoor et al., 2020;

Savalia and Chatterjee, 2018). Different studies have been
done to investigate non-steroidal anti-inflammatory drugs
(NSAIDs) containing celecoxib and diclofenac sodium incor-

porated PLGA nanoparticles (NPs) to reduce the toxicity
and side effects of some drugs (Harirforoosh et al., 2016;
Tuncay and S.C� alis� H.S. Kas� M.T. Ercan, I. Peksoy, A.

A. Hincal, , 2000). Stipa et al. have shown prediction of the
interactions of PLA and PLGA nanocarriers with Paraceta-
mol, Prednisolone, and Isoniazid by molecular dynamics sim-
ulations (Stipa et al., 2021). Ansari et al. demonstrated the

binding energy of gemcitabine in PLGA is greater in compar-
ison to camptothecin by a molecular dynamics simulation that
this result can leads to a decrease in the delivery rate from the

system (Ansari et al., 2018). Aghaei et al. have shown non-
ionic surfactant vesicles as novel delivery systems for SSZ, in
which the amount of drug released was 22.4 wt% after one

day (Aghaei et al., 2021a). Kokcu et al. demonstrated the non-
toxic effect of tripeptide Gly-His-Lys (GHK) loaded PLGA
NPs on L929 cells and they found a spherical morphology of
GHK loaded PLGA can lead to alterations in the wavenum-

bers happening at the characteristic peaks of GHK in histidine,
peptide and carboxyl groups (Kokcu et al., 2020). Abdolahi
et al. theoretically found the negative adsorption energy in
the interaction between the gold decorated B12N12 nanocluster
and the SSZ and the calculated results demonstrated that the

donor state red shift of the fermi states located on Au-
orbitals is because of substantial alterations in coulomb quan-
tum well (QW) depth between those (Abdolahi et al., 2020).

Budama-Kilinc demonstrated the encapsulation of piperine
within PLGA by using spectroscopic, imaging, and molecular
docking simulation methods. It have shown that piperine

could be used for inflammation and pain treatment due to sig-
nificant inhibition of COX-1 and COX-2 cytokines (Budama-
Kilinc, 2019). In addition, in silico investigations was done in
water and DCM environments via density functional theory

(DFT), ADMET, and molecular docking calculations for
SSZ as an oral drug candidate with anti-inflammatory and
analgesic features.

2. Computational method

Theminimumpotential energy surface of the anti-inflammatory

drug and their complexes with PLGA carriers were calculated
via density functional dispersion correction (DFT-D) at the
level of B3LYP-D combined with the basic set 6–31 + G(d,p)

from Gaussian 09 software (Becke, 1988; Lee et al., 1988). This
level of theory has presented to be accurate sufficient for a vast
diversity of non-covalently interacting dimer systems between

the drugs and the different polymer- carriers (Moniruzzaman
et al., 2018; Rahman et al., 2016). After the geometry optimiza-
tions, binding energies were computed by zero-point corrected
energies (ZPE) at the B3LYP-D/6–31 + G(d,p) level of theory

with the help of the following generic formula:

Ebin ¼ ðESSZ=PLGA þ ZPEÞ � � EPLGAðESSZ þ 0PEÞ ð1Þ
where EPLGA is the total energy of pure PLGA microparti-

cle, ESSZ is the total energy of free SSZ molecule and ESSZ/

PLGA is the total energy of the formed complex. The polariz-
able continuum model (PCM) was chosen to assess the impact
of the solvent on the adsorption mechanism of the SSZ onto
PLGA in H2O and DCM environments. Physicochemical fea-

tures of the interaction systems were also calculated based on
the definition of quantum molecular descriptors (QMD):

l ¼ � 1

2
ðIþ AÞ ð2Þ
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v ¼ �l ð3Þ

g ¼ 1

2
ðI� AÞ ð4Þ

S ¼ 1

2g
ð5Þ

x ¼ l2

2g
ð6Þ

whereA is electron affinity, Iis ionization potential,S is glo-

bal softness,l is chemical potential, v is electronegativity, g is
global hardness, and x is electrophilicity index (Parr et al.,
1978; Parr et al., 1999). According to, Koopmans’ theorem,

the order of I and A can be determined as the negative orbital
energies of the HOMO (highest occupied molecular orbital),
�EHOMO and the LUMO (lowest unoccupied molecular
orbital),�ELUMO (Koopmans, 1933). Molecular docking stud-

ies were carried out using Auto Dock software (4.2) (Morris
et al., 2009). The Crystal Structure of TNF-alpha (PDB ID:
2AZ5), structure of IL1A-S100A13 complex (PDB ID:

2L5X) and cyclooxygenase-2 (prostaglandin synthase-2)
(PDB ID: 1CX2) were retrieved from Protein Data Bank.
The structure of the proteins prepared following as cognate

ligand was removed, hydrogen atoms were added and non-
polar hydrogen were merged, Kollman charge was allocated
using Auto Dock Tools (ADT). The Lamarckian genetic algo-

rithm was used for the local search method. A grid map of
60x60x60 with 0.375 Å grid spacing was designated for the
preparation of autogrid (Aghaei et al., 2021b; Cao et al.,
2021). 100 GA runs was used for docking. To evaluate the

amino acid residues evolves in the binding pocket of protein
with compounds, we applied Maestro 11.0 Schrodinger pro-
gram for the creation of 2D and 3D presentation.

3. Results and discussion

3.1. Binding energy and thermodynamic analysis

At first, we focused our efforts to estimate the binding energy

of SSZ adsorbed on the PLGA microparticle in two orienta-
tions. Fig. 1 represents the SSZ via its carboxylate group inter-
acts with the PLGA (complex A) via double hydrogen bonds

with a Ebin of �0.62 eV (minimum energy) in a water environ-
ment and �0.65 eV in DCM environment (maximum energy).
A dimer model formed in complex A for both environments by
intermolecular hydrogen bonds. Recently, Cao et al. have

found that the interaction between the sulfasalazine and
naproxen via double hydrogen bonds with a binding energy
of �0.64 eV (Cao et al., 2021). We also computed the zero-

point corrected energy (ZPE) for the SSZ drug interacts with
the PLGA microparticle in DCM environment. The ZPE val-
ues in complexes A and B are about �0.66 and �0.39 eV,

respectively. The evaluation of binding energy by ZPE demon-
strates that the interaction of SSZ with PLGA in complex B is
physisorption in nature which is in accordance with the calcu-
lated results from thermodynamic parameters. The values of

the thermodynamic parameters for complexes A and B in
DCM environment were calculated. The calculated values of
Gibbs free solvation energy (DGsolv) and enthalpy (DHsolv)

for complex A in order is found to be �0.15 and �0.65 eV
and these values in complex B in order is + 0.14
and �0.38 eV. The amount of DGsolv difference with the
enthalpy is because of the entropic effect (Cao et al., 2021).

The negative values of DHsolv in complex A represent the
exothermic process, the negative value of DGsolv demonstrates
the spontaneous interaction between the SSZ and the PLGA in

the thermodynamic approach. In confirmation of our results,
the electron localization function (ELF) map in Fig. 1 repre-
sents when SSZ becomes close to PLGA microparticle in com-

plex A via double hydrogen bonds and the more stable the
microparticle becomes compared with the complex B

(Rezvantalab et al., 2020).
The values of dipole moment (DM) for the pure PLGA and

SSZ molecules are found to be 4.50 and 7.82 Debye, respec-
tively. After the interaction of SSZ with PLGA, the DM values
in complex A and B are found to be 11.80 and 10.82 Debye,

respectively. The notable increment in DM values demon-
strates an intensifying of the interactions SSZ and PLGA with
nonpolar solvents like DCM, and will thus improve their sol-

ubility in physiological media via increase the internal molecu-
lar electric field (Md. Abdur Rauf et al., 2015). In fact, the
molecular field created by electric dipoles moments causes

polarization in adjacent molecular structures and increases
their reactivity due to electrostatic force. Mulliken population
analysis (MPA) demonstrates that complex A had a strong
charge-transfer of about 0.563 |e| from SSZ to PLGA in com-

parison with complex B (0.214 |e|).
The QMD value g in the SSZ and PLGA systems were 1.79

and 3.73 eV, which significantly changed in complex A and B

with values of 1.80 and 1.81 eV, respectively. The complex B

and A display different chemical stability to those of the pure
PLGA, with g and l values of �3.73 and �4.40 eV, respec-

tively. This means that the interaction of molecules induces sig-
nificant alterations in the carrier electronic features and leads
to enhance chemical reactivity (Pasban and Raissi, 2021).

Complex B has a lower electrophilicity index (6.39 eV) in com-
parison with complex A (6.51 eV) that is similar with the value
of electrophilicity index of the pure PLGA (6.51 eV). Hence,
the x demonstrates the ability of the fragments to accept elec-

trons. With interaction between the SSZ and PLGA, the values
of x in complex B decreased during the interaction of the SSZ
drug with PLGA which confirmed that this complex with more

tendency to donor electron compared to the corresponding
pure systems (Table 1).

Fig. 2 represents the infrared (IR) curves of SSZ interact

with PLGA in complex A and B. The IR curve of the pure
PLGA demonstrates the bands of the OH at 3739 and
3829 cm�1 and the carbonyl bands appeared at 1803 and
1817 cm�1. Kokcu et al. experimentally demostrated the

C‚O stretching vibration of the PLGA polymer, this vibra-
tion was marked at 1759 cm�1 (Kokcu et al., 2020). The FT-
IR spectrum of SSZ had a band at 1676 cm�1 that corre-

sponded to the C‚O stretching vibration (Cao et al., 2021).
In complex A, the carbonyl bands for both SSZ and PLGA
molecules appeared at 1680 and 1752 cm�1, while the hydroxyl

group of the pure SSZ and PLGA appeared at 3457 and
3831 cm�1, respectively. The CAH aromatic ring in complex
A appeared at 3182–3242 cm�1, while in the pure SSZ

appeared at 3182–3241 cm�1. In complex B, two carbonyl
bands for PLGA molecule appeared at 1770 and 1797 cm�1

and in the SSZ molecule appeared at 1723 cm�1, while the
hydroxyl group of SSZ and PLGA appeared at 3409 and



Fig. 1 Optimized geometries and ELF maps of SSZ interact with PLGA in different configurations.

Table 1 Calculated binding energy (Eads), chemisorption bond distance (D), dipole moment (lD), HOMO energy (EHOMO), LUMO

energy (ELUMO), energy gap (Eg), Fermi level energy (EFÞ and quantum molecular descriptors for SSZ, PLGA, complex B, and complex

A in DCM environment.

Property EHOMOðeVÞ ELUMOðeVÞ EgðeVÞ DEgð%Þ EFðeVÞ IðeVÞ AðeVÞ vðeVÞ lðeVÞ gðeVÞ SðeV�1Þ xðeVÞ
SSZ �6.62 �3.04 3.58 – �4.83 6.62 3.04 4.83 �4.83 1.79 0.28 6.51

PLGA �8.12 �0.67 7.45 – �4.40 8.12 0.67 4.40 �4.40 3.73 0.13 2.59

A �6.64 �3.04 3.60 51.68 �4.84 6.64 3.04 4.84 �4.84 1.80 0.28 6.51

B �6.62 �3.00 3.62 51.41 �4.81 6.62 3.0 4.81 �4.81 1.81 0.28 6.39
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3746 cm�1, respectively. The C-H aromatic ring in complex B

appeared at 3199–3252 cm�1.

Fig. 3 presents the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO)
wavefunctions for SSZ interact with PLGA microparticles.

For complex A, HOMO are more localized on the CAC and
N‚N bonds of the drug (kmax = 372 nm) with the main con-
tribution from HOMO to LUMO (88%) and the LUMO is
more localized in both aromatic rings of the drug. On the other

hand, the minor contribution from HOMO-7 to LUMO + 1
(32%) happens where these are mostly localized on the CAC
bonds and O atoms of salicylic acid of the drug. In contrast,

HOMO and LUMO of the complex B are mostly localized
on the C-C and N = N bonds of drug (kmax = 365 nm) with



Fig. 2 IR spectrum of SSZ interacts with PLGA.
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the main contribution from HOMO to LUMO (97%), while

HOMO-3 is more localized on the C, O, N, H, and S atoms
throughout a drug and LUMO + 3 of the complex B are
mostly localized on the aromatic and pyridine rings of drug.

The interaction of SSZ with the PLGA microparticle was
also calculated through spectroscopic techniques. According
to Fig. 4, in complex A, maximum absorption band appeared

at 372 nm and oscillator strength of 0.74 and the minimum
band at 233 nm and oscillator strength of 0.20 because of
intraligand p ? p* and n ? p* transitions. In contrast with

complex A, in complex B, the maximum absorption band
appeared at 365 nm and oscillator strength of 0.93 and mini-
mum the band at 216 nm and oscillator strength of 0.14.
Aghaei et al. have shown the absorption band for SSZ loaded

to ST8 micellar/niosomal vesicles at 234 and 357 nm (Mirzaei
et al., 2017). According to the obtained results, we see a blue
shift in complex B compared to complex A, so that the absorp-

tion threshold has shifted to the blue region of about 17 nm.
Regarding the fact that the single-particle energy gap in com-
plexes A is 0.27 lower than B, the optical gap in structure A is

0.42 smaller than the optical gap in complex B, which indicates
to bounded the excitonic energy levels. According to the rela-
tion of:

Eexciton ¼ Egsingle�particle � Egoptical

We have the excitons in complex A and B with the energy
of �1.72 , �2.12 eV, respectively. These results show that
the electron-hole coupling in complex B is stronger than com-

plex A.
The AOCs calculated for the four compounds: Complex B,

SSZ, PLGA and Complex A are approximately comparable,

ranging from 2.62 to 2.67, with a slight variance between them.
On the other hand, this number is calculated for SSZ is equiv-
alent to 2.63. Since concentration units of AOC is reported for

SSZ, its conversion to concentration for other three is
accessible.
3.2. Anti-inflammatory and Anti-cancer activities

In this study, we used the binding affinity for the selected sys-

tems toward three targets TNF-alpha (PDB ID: 2AZ5), IL1A
(PDB ID: 2L5X) and cyclooxygenase-2 (COX-2) (PDB ID:
1CX2) by the AutoDock (4.2) software. Finding amino acid
residues involved in the receptor selected complexes (SSZ,

PLGA, complex A, and complex B) was determined in active
site of targets. The obtained results exhibited that system con-
sist of complex A is the most potent inhibitor of COX-2 (PDB

ID: 1CX2) compared to complex B. As shown in Table 2, the
values of binding energy (BE) for complex A in the binding
pocket of targets in the order of 2AZ5, 2L5X, and 1CX2

was found to be �9.8, �9.4, and �11.6 (kcal/mol). On the
other hand, interaction of complex A with cyclooxygenase-2
(COX-2) target in comparison to two targets TNF-alpha and

IL1A had the highest binding affinity. Complex A from its car-
boxylate group binds in the binding pocket of the 1CX2 target
adjacent to Ala2, Ile87, Leu6, Pro5 and Ala3 by the hydropho-
bic interactions (Mirzaei et al., 2017) and also binds with other

amino acid residues like Phe64, Leu80, Ala151, Leu152, and
Pro153. Moreover, the complex A binds with amino acid resi-
dues like Glu46, Asp125, Glu465, Arg150, Arg465, Arg469,

Arg44, Lys468, Lys83, Thr129, Thr130, Gln42, Lys41,
Asn43, Ser471, Tyr122, Gly63, Thr62, and Thr76 via polar
interactions. Furthermore, complex A is established in the

active site of the receptor (1CX2) using five hydrogen bonds
with the amino acid residues of the receptor such as Arg44,
Glu465, Ala151 and Thr130. Hydrogen bond lengths were
2.07, 2.14, 3.01, 3.02, and 2.64 Å respectively. 3D structure

of the binding site revealed that complex A was located in
the pockets of the receptor(1CX2) (Fig. 5). Regarding molecu-
lar docking results illustrated that complex A had lower bind-

ing affinity to the COX2 receptor whereas the complex
revealed a strong interaction with amino acids chains of the
target in the active site and lead to inhibition more effectively



Fig. 3 HOMO and LUMO transitions for the SSZ-PLGA complex.
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the binding pocket of the receptor comparison with the other
complexes.

Human Epidermal Growth Factor Receptor type 2 (HER2)

results in inhibition of over-expression in breast cancer. Tar-
gets (PDB ID: 3RCD and 5O4G) applied to determine the
binding affinity of the selected complexes toward HER2 recep-

tor. The obtained results exhibited that complex A inhibited
HER2 receptor compared to complex B. As shown in Table 1,
the values of the binding energy (BE) for complex A in the

binding pocket of targets in the order of 3RCD and 5O4G
was found to be �8.9 and �8.6 (kcal/mol). Complex A binds
in the binding pocket of the 3RCD target adjacent to
Ala879, Phe864, Ala751, Leu852, Leu726, Val734, and

Leu755 by the hydrophobic interactions (Ermondi et al.,
2004; Xu et al., 2018). Moreover, complex A binds with amino
acid residues like Arg849, Gly729, His878, Lys753, Ser728,
Asp880, Thr862, Asp863, Gly727, THr798, Thr798, Thr875,
Glu874, Gly865, Asp873, and Ser763 via polar interactions.

Furthermore, complex A is stabilized in the active site of the
HER2 target by four hydrogen bonds with the amono acid
residues such as Thr862, Asp863, and Thr875 (Daze et al.,).

Hydrogen bond lengths were 2.84, 3.10, 3.01, 1.46, and
2.53 Å respectively (Fig. 5).

To compare of molecular docking results revealed that

interaction of complex A with COX2 target in comparison to
other targets like TNF-alpha, IL1A, and HER2 receptors
had the lowest binding affinity. On the other hand, complex
A had established in the binding site of COX-2 and result in

inhibition more effectively the active site of the receptor com-
pared to the other receptors. In addition, comparison of the



Fig. 4 UV–Visible spectra of SSZ encapsulated within PLGA.

Fig. 5 Presentation of 2D and 3Dmodels of interactions between

complex A and COX-2 (PDB ID: 1CX2).
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chemical structure of complexes exhibited that carboxylate

moiety of SSZ in complex A connected with the carboxylate
group of PLGA. Whereas SSZ and PLGA in complex B con-
nected differently. The results demonstrated how the two inter-

connected molecules are extremely important in the binding
affinity and occupy active sites of targets. In general, polar
and nonpolar interactions may play an essential role in occu-
pying the binding site. Likewise, molecular orientation can

be effective in binding affinity. Accordingly, complex A could
be a potent inhibitor of the COX-2, TNF-a, IL-1, and HER2
receptors at the active site.

3.3. Drug likeness and ADMET prediction

In order to elucidate ADMET (absorption, distribution, meta-

bolism, excretion, and toxicity) and drug likness properties
Table 2 Molecular docking simulations results for the complexes

2L5X) and COX-2 receptor (PDB ID:1CX2).

Compound PDB ID: 2AZ5 PDB

BE

(kcal/mol)

Ki (mM) BE

(kcal/

Complex B �8.8 9.4 �8.5

SSZ �7.9 10.2 �7.6

PLGA �7.1 11.6 �6.8

Complex A �9.8 8.7 �9.4
selected compounds analyzed for acceptance of . the Lipinski’s
Rule of 5. Complex A and B showed good drug likness char-

acteristics therefore; were selected for further consideration
(Table 3). The pharmacological properties of compounds were
considered according to Lipinski’s law. As seen in Table 3

absorption and permeability for compounds in the body
occurs when the molecular weight is less than 500 Dalton,
LogP less than 5, Hydrogen bond acceptors and donors are
less than 10 and 5 respectively. In addition, logS also expresses

solubility. As illustrated in Table 4, almost all compounds was
compiled Lipinski’s ‘‘Rule of 500. The log P values for the com-
plex A and B were 2.7 (unit), (Table 3) while the calculated log
and TNF-a receptor (PDB ID: 2AZ5), IL-1 receptor (PDB ID:

ID:2L5X PDB ID:1CX2

mol)

Ki (mM) BE

(kcal/mol)

Ki (mM)

10.4 �10.8 4.3

11.8 �10.2 5.6

12.5 �7.6 9.9

9.7 �11.6 3.4



Table 3 Drug-likeness properties of compounds.

Compound Log S MW Clog P HBA HBD NRB MR TPSA DL

ref >-4 – <=5 <=10 <=5 <=10 40–130 <140 –

Complex B �3.4 546 2.7 11 5 9 131 165 0.52

SSZ �5.1 398 3.7 7 3 6 100 141 0.7

PLGA �0.02 148 �1 4 2 3 31 84 0.94

Complex A �3.4 546 2.7 11 5 9 131 164 0.52

Abbreviations:LogS: Logarithm of water solubility; MW: molecular weight; logP: Logarithm of compound partition coefficient between n-

octanol and water; HBA: Number of hydrogen bonds acceptors; HBD: Number of hydrogen bond donors; TPSA: Topological polar surface

area; NRB:Number of rotatable bonds, MR: Molecular refractivity, DL: Drug likeness.

Table 4 ADMET profile of compounds.

Compound BBB HIA Caco2 P-GI CYP450-2C9 CYP450-2D6 CYP450-3A4 AMES CIG HPT AOC

ref – – No No No No No No No –

Complex B Yes Yes No No Yes No No No No toxic 2.67

SSZ Yes Yes No No Yes No No No No No 2.63

PLGA Yes Yes No No No No No No No No 2.66

Complex A Yes Yes No No No No No No No No 2.62

Abbreviations: BBB: Blood-Brain Barrier; HIA: Human Intestinal Absorption, P-GI: P-glycoprotein inhibitor, CIG: Carcinogens, HPT:

hepatotoxicity, AOC: Acute oral Toxicity.
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S values of �3.4 (unit) were identified for the complexes. more-
over, the log P and log S values for PLGA was predicted to be

�1 and �0.02 (unit), respectively. The Topological polar sur-
face area (TPSA) values of PLGA rised from 84 to 165 (Com-
plex B) and 164 (SSZ) in addition to the interaction of the

PLGA surface the nanocages. TPSA is an important factor
that plays an essential role in the permeability of bioactive
compounds. Compounds with a PSA less than 140 Å have

proper permeability. Hereby, rising TPSA value lead to decline
permeability of the membrane and low TPSA associated with
high absorption (Srivastava et al., 2020). Estimation of oral
bioavailability are carried out to the whole selected com-

pounds, possessing rotating bonds below 10, result in decreas-
ing Configuration flexibility. Furthermore, compound PLGA
have molar refractivity less than 130 and the other compounds

have higher values. Topological polar surface area (TPSA)
related to passive molecule transport through membranes.
Complex A, B, and SSZ have TPSA values higher than

140 Å, and PLGA has an equal of 31 Å. Moreover, obtained
results revealed that all compounds have a calculated logs
value moderately. In addition, evaluation of ADMET proper-
ties exhibited that selected compounds have low oral bioavail-

ability and High intestinal absorption (Table 4) and also All
selected compounds had no Caco-2 penetrability, wheras all
compounds are non-inhibitors of membrane p-glycoproteins

and all of them be able to penetrate BBB. Additionally, almost
all compounds were predicted to be non-inhibitor of CYP
(CYP3A4, CYP2D6, and CYP2C9) and also no-

carcinogenicity, no-mutagenicity (AMES) and hepatotoxicity.

4. Conclusions

We demonstrated improvement of anti-inflammatory activity
and drug delivery of SSZ by the PLGA in H2O and DCM envi-
ronments via DFT, ADMET, and molecular docking. Our cal-
culated results based on binding energy and thermodynamic
parameter represents that the interaction between SSZ and

PLGA in Complex A via double hydrogen bonds is stronger
in comparison with Complex B. The study of molecular dock-
ing exhibits complex A containing SSZ and PLGA has a

strong binding affinity with TNF-a , IL-1 and COX-2 recep-
tors in comparison with the other complexes and besides the
complex A inhibited effectively TNF-a and IL-1 receptors.

Furthermore, physicochemical properties such as absorption,
distribution, metabolism, excretion, and toxicity (ADMET),
as well as drug-likeness, demonstrated that complex A had
intersting ADMET properties compare to the other complexes

and had a potential inhibition of inflammation.
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