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Abstract

Tumor necrosis factor-alpha (TNF-a) is a pro-inflammatory cytokine. It acts as a biological
regulator of immune function, but its dysregulation is associated with a number of diseases,
especially autoimmune diseases. The strategy of inhibiting TNF-a is an excellent treatment
option for autoimmune diseases. This study uses computational methods to design potential
inhibitors against TNF-a. The Lipinski rule, molecular docking, and ADMET studies identified
the results as active agents. They were evaluated to gain insight into the potential binding
interaction with the target protein. Based on that, three compounds (MY1, MY2 and MY3) were
selected for synthesizing and studying their activity in the laboratory. The molecules were
examined for their purity and identity and confirmed by their melting points, FT-IR and HINMR-
spectra. The laboratory evaluation results showed the three compounds classified within the
medium toxicity compounds, on the other hand, the values of Kd were (0.129 uM, 10.19 uM,
0.389 uM) and IC50 were (4.34 nM, 4.50 nM and 4.60 nM,) respectively. AG has also calculated
the values (-9.44 Kcal/ mole), (-6.8 Kcal/ mole) and (8.35 Kcal/ mole). The bonding efficiency
scores showed (LE < 0.3), which indicates that all compounds capable of inhibiting TNF-alpha

significantly.
1. Introduction

Rheumatoid arthritis (RA) is one autoimmune disease
characterized by chronic inflammation of the joints. it
is an unknown etiology, widespread in almost all
human populations , affects 0.5 to 1% of the world'’s
population [1]. usually affects women at a higher rate
than men , and generally occurs later in life [2]. It
mainly affects joints' synovial membranes, leading to
cartilage and bone damage. This disease can
damage different body systems, such as the skin,
eyes, lungs, heart, and blood vessels. In addition to
chronic pain, fatigue, and possible disability, RA
patients also exhibit increased morbidity and
mortality, primarily from cardiovascular disease
[1].Tumor Necrosis Factor-alpha (TNFa) has critical
cell functions including cell proliferation, survival,
differentiation, and apoptosis are regulated by TNFa
signals through two transmembrane receptors,
TNFR1 and TNFR2 [3]. TNFa also is one of the pro-
inflammatory cytokines which play a major role in the
progress of different autoimmunity diseases such as
rheumatoid arthritis (RA). Many experimental studies
have demonstrated that when TNFa increased that
plays a significant role in local joint damage and
systemic bone loss, as it increases osteoclast (OC)
mediated bone resorption [4]. Therefore, this study
aims to design and evaluate compounds that can
function as tumor necrosis factor-alpha (TNFa)
doi.org/10.31838/hiv23.01.55

inhibitors.

2. Materials and Method

Computational based analysis

The research referred that the complex crystal
structure of TNF-a with SPD304 ligand (PubChem
CID: 5327044) and with UCB-9260 ligand (PubChem
CID: 72700327) showed effective inhibition of TNF-
alpha [5] therefore used in the study TNF-a dimer
complex structure with a small molecule inhibitor as
references to determine pocket on the surface of
TNF-alpha. From PDB (Protein Data Bank) obtained
a complex of TNF-alpha and ligand (PDB ID: 2AZ5)
and crystal structures of TNF-a (PDB ID: 60P0). The
active amino acid sites of the complex structure of
TNF-a were predicted using structure comparison
and site finder algorithms.

Molecules Design

Select different materials that have an active group
that can interact with a side chain with a greater
frequency of amino acids in the active site.

Molecular docking studies are used to examine
ligands designed or compounds obtained from
pharmacophore-based screening. All hits are docked
at the active site of the target protein. Used the MOE
docking algorithm to bind SPD304 to the active site.
The most effective hit is selected based on the S
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score value of the PSD34 inhibitor and root mean
square deviation (RMSD). The S value is a score that
measures the affinity between the ligand and the
receptor and is calculated by the default score

construction function in the MOE.

ADME profile of Molecules

The compounds were further evaluated by the
ADMET (metabolism, distribution, excretion,
absorption, and toxic properties by using the
ADMET SAR server. The ADMET algorithm was used
to predict the properties of the designed
compounds and drug candidates.

Chemical Studies

The synthesis of the designed compounds was
achieved by following a general method below.

the carboxylic acid was dissolved in ten volumes of
dry solvent treated with one equivalent of dry
pyridine, and then exactly one equivalent of purified
thinly chloride was added, drop-wise with stirring.
Pyridine hydrochloride separated, and the mixture
was left at 15°C -20°C for an hour. The amine to be
coupled with the acid chloride was mixed with one
equivalent of pyridine, and added drop-wise with
stirring; then the amide was recovered and purified
by the usual methods [6]. All chemicals were of the
highest purity. Melting point apparatus of Gallen-
Kamp MFB 600 was used to measure the melting
point of synthesized compounds. The infrared
spectra of synthesized compounds were carried out
by using Infrared spectra in the range (4000-600) cm’
and were recorded without a KBr disc on FTIR 8300
Shimadzu spectrophotometer. This measurement
was carried out in the Chemistry Department,
College of science Baghdad University, HINMR-
spectra in (ppm) -unit was obtained in DMSO
solution using (Bruker, Ultra Shield 300 MHz
Switzerland), (Iran).

MTT assay

This assay was performed and IC50 sample values were
calculated using the dose-inhibition curve. In this
procedure or examination, the cytotoxicity effect of all
compounds was determined. On the line of natural rat
cells grown and prepared in Biotechnology Research
Center/Al-Nahrain University (Irag). The method: Normal
cells of the rat were prepared (1 x 104 to 1 x106 cells
ml). The cells were then placed in a plate containing 96
holes with a flat base volume of 100 pl/well. The dishes
were covered with sterile Para film and then they were
stirred. It was incubated in a 5% incubator. CO2 at 37°C
for 24 hours and after incubation the RPMI media was
removed. The prepared concentrations of the ligands
were added to the culture medium. Record absorbance
at 570 nm. Statistical analysis of optical density readings
Calculate IC50 according to the following equation:

Viability (%) = (optical density of sample /
Optical density of control) 100%

Thermos shift assay

TNF-alpha used in this assay was imported from
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Cusabio company with a purity of >90%. Prepare
protein assay stock in HEPES buffer (0.01 M HEPES
stock solution at pH 7.4). Thermal Shift Assay (TSA)
test run for the determination of the optimal amount
of protein. Prepare a dilution series of your protein
sample in buffer /DMSO ranging from 0.03 to 0.5 uM
final concentration in a total volume of 25 pl. Export
the file into Microsoft Excel analyses [7]. Fit
fluorescence intensity curve to a Boltzmann
sigmoidal curve using TSA_CRAFT service to obtain
the melting temperature (Tm) of the protein
Calculate: ATm = Tm ligand - Tm buffer/DMSO. A
positive Tm indicates that the ligand stabilizes the
protein from denaturation. Data Analysis to
Determine the Dissociation (kd) Constant under
Thermal Denaturation. Created a table in Excel of the
ligand concentrations and the melting temperature.
Analyze the data using the following equation.

Y= Bottom + ((Top-Bottom) (1-((P- Kd -X+ sqgrt
(((P+X+Kd) A2-(4PX))) /(2P)))

Where P: protein concentration. Kd: dissociation
constant (has the same unit as P). T: melting
temperature at high inhibitor concentration; B:
melting temperatures of no inhibitor concentration.

Calculate AG and LE

recommended to assess binding affinity in relation to
the number of heavy atoms in a molecule and The
calculation of the binding energy(AG) of the ligand
and ligand efficiency (LE): Calculate Free energy of
ligand binding: AG = —RT.InKd. Calculate Binding
energy per atom (ligand efficiency (LE)): LE =
AG/Nnon-hydrogen atoms

inhibitory concentration (IC50).

Serum Allow serum to clot for 10-20 minutes at room
temperature. Centrifuge at 2000-3000 RPM for 20
minutes. Collect the supernatant without sediment.
Using the manufacturer's ELISA analysis method with
changing steps related to the experiment, the
susceptibility of ligands to protein inhibition by the
sample addition step. Prepare all reagents, standard
solutions and samples as instructed. Bring all
reagents to room temperature before use. The assay
is performed at room temperature. IC50s values
were determined by fitting a dose-response curve
(four parameters) to inhibition (%) to the data, using
GraphPad Prism software [8].

3. Results and Discussion

The active amino acid sites of the complex structure
of TNF-a were predicted using structure comparison
and site finder algorithms. the matching tool in the
structure comparison algorithm in the chimaera
program showed the overlap in the binding site for
both the complex structure of the TNF-a dimer with
SPD304 and with UCB-9260. Also used the site finder
algorithm to produce a catalytic site of TNF-a. The
pocket was predicted size (95), and hydrogen (49).
side chain (60), site amino acids (Leu57, Tyr59,
Tyr119, Gly121, Val123, lle155, Leu157) of Chain-A,
(Leu57, 1le58, Tyr59, Tyr119, Gly121, Gly122,
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Leu157) of Chain-B, (Leu57, Tyr59, Ser60, GIné1,
Tyr119, Leu120, Gly121, Tyr151, 1le155) of Chain-C.
According to the active sites, a compound suggests
with functional groups that can interact with the side
chain of the active site and bind with the lowest
binding energy. The most effective hit is selected
based on the S score value of the PSD34 inhibitor
and root mean square deviation (RMSD). The S value
is a score that measures the affinity between the
ligand and the receptor and is calculated by the
default score construction function in the MOE [9].
The RMSD is used to compare the docking
confirmation  with  the  docking  reference
configuration. Depend on lower S and RMSD values
when selecting [10].

Three molecules were selected from the designed
compounds as a result of ADMET profiling analysis,
which are shown in Figure (1) and Table (1). The
molecules MY1, MY2 and MY3 contains NH-donor
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functional groups in addition to the acceptor
functional groups (carbonyl groups) and the sulfur
group in MY2 as a donor, as well as the hydrophobic
and aromatic groups in the selected compounds.
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Figure (1): Three designed molecules (red colored
groups represent H-acceptors while blue groups
represent H-donors and yellow color represents Sulfur
group).

Symbols IUPAC nomenclature Molecular formula
MY1 [1,1'- ((5,5'-oxopentanamido) methyl)) cyclohexyl] acetic acid C33H38N206
MY2 [1(2S)-1 -[(25)-2-methy|-3-suIfanylpropanoygc%/rrolidine-2-carboxamide) cyclohexyllacetic C26H31N204S
MY3 (1-([2[-(4-methyl propyl) phenyl] propanamido] methyl) cyclohexyl) acetic acid C29H40NO3

The S score = -7.5 and RMSD =2 were selected for screening small molecules. The design compounds
showed a good interaction compared to the reference ligand showed in Table (2).

Number of interaction types
Compounds S-Score RMSD Hydrophobic Hydrogen Other
MY1 -9.13 -1.69 10 5 3
MY2 -8.33 -1.82 8 4 0
MY3 -8.25 -1.33 11 4 0
SPD304 (Reference) -8.4 -1.79 9 4 0

Table (2) showed the interactions between ligand and
protein were detected by the web service The protein-
ligand interaction profiler (PLIP) for fully automated
detection and visualization of relevant non-covalent
protein-ligand contacts in 3D structures  [11] . All
compounds showed binding with the side chain of amino
acid in the active site of the target protein with many
hydrogen bonds, hydrophobic, other which include in
MY1 salt bridge (bonds between oppositely charged
residues) . The compounds (MY1) shouted affinity (S score)
highest than reference ligand and (MY2, MY3) showed
good affinity compared to the reference ligand. molecular
docking of compounds was displayed in Figure (2).

my2

My3

Figure (2): Molecular Docking of Molecule (MY1, MY2
and MY3)
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To distinguish the drug-like and non-drug-like
properties compounds were evaluated based on
the Lipinski rule (molecular mass: <500 Daltons,
hydrogen bond donor: <5, hydrogen bond
acceptor: <10 molars refractive index: 40-130,
and partition coefficient (logP): <5) [12]. Table (3)
showed that all designed molecules were within
the molecular weight ‘MW’ range of six
descriptors (from 359.5 to 451.48 g/mole).
Meanwhile logarithm of lipophilicity ‘log P’
(octane-water partition coefficient) was (0.58 to
2.23) within the normal range of known drugs.
All designed molecules are suitable and not too
polar to dissolve in the bloodstream and
eliminated so easily and not too lipophilic to
eliminate from the bloodstream by the liver which
is consistent with what the researchers pointed
out [12] . The compounds were further evaluated
by the ADMET (metabolism, distribution,
excretion, absorption, and toxic properties using
the ADMET SAR server.

The compounds significantly accepted these
parameters of the ADMET table (4). Only those
ligands were considered to be the potential drug
candidates that accomplished all the ADMET
models successfully.
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Five roles MY1 MY2 MY3 Range
MW 436.5 370 359.5 < 500
HBD 2 2 2 <5
HBA 6 4 3 < 10
LogP 0.57 2.08 4.53 <5
tPSA 138.46 125.5 66.40 <140

Molecules

Absorption MY1 MY2 MY3
Caco2-Permeability - - +
Blood-Brain Barrier + - +
Human Intestinal Absorption + + +
P-glycoprotein Inhibitor NI NI |

Metabolism MY1 MY2 MY3
CYP450 1A2 Inhibitor NI NI NI
CYP450 2C9 Inhibitor NI NI NI
CYP450 2D6 Inhibitor NI NI NI
CYP450 2C19 Inhibitor NI NI NI
CYP450 3A4 Inhibitor NI NI |

Toxicity MY1 MY2 MY3

AMES toxic NO NO NO

Carcinogenic NO NO NO
Toxicity Class 4 5 4

Several compounds that have shown the ability to
interact with protein and have low toxicity are
designed (in silico). Three of these compounds were
selected and synthesized by the following methods
The synthesis of the MY1 compound from the
reaction of pentanedioic acid with the equivalent of
thionyl chloride and pyridine is shown below.

0 0 0 0
U 0
AN e A AN

o sodl,
pentanedioic acid pentanedioyl dichloride

(A)

The (A) compound to the new flask to get rid of Side
products . Then an equivalent of gabapentin was added
in the reaction to form the MY1 compound in the
presence of pyridine shown below.

pentanedioy! dichloride .
( A) Gabapentin Myl

the MY2 was synthesized by reacting Captopril with the
equivalent of thionyl chloride and pyridine as shown
below.

o CH, pryidine o CH,
N SCIC|2 N

Captopril Captopril chloride

thionyl chloride was added, dropwise with stirring.
Then, in the presence of pyridine, an equivalent of
gabapentin was added to the process to produce the
MY2 compound as shown below.

0.
o CH,
HO
N.
NH, pvndlne m
Nil

Captopril chloride gabapentin My2

the MY3 was synthesized by reacting compound (A)
with the equivalent of thionyl chloride and pyridine to
produce compounded B shown below.

Hy
LOH
i pryldlne
socl

2{4- (2 methylpropyl phenyl] 2- [4 2 methylpropyl phenyl]
propancic acid propanoyl chloride

(A) (B)

After that, the mixture was left at 15-20 °C for 1 hour.
Then, in the presence of pyridine, an equivalent of
gabapentin was added to compound (B) to produce the

MY3.
/E©)\”/ % pyrldme 2 {m
HiC CH;
2-[4-(2-methylpropyl)phe
nyl]propanoyl chloride gabapentin

(8)

All mixture was left for an hour at room temperature.
The compounds were separated by liquid-liquid
methods. The solvent was removed by a rotary
evaporator. The physical parameters of the compounds
were MY1 light brown solid with has melting point
(82°C -84°C), MY2 was yellowish-brown solid with a
melting point (88 °C-91 °C), MY3 was a pale-yellow
solid with (54 °C -56°C).
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spectral data. FTIR spectrum (Figures (4); (5) and
(6)) showed the intense bands at 3258 cm-1 and
3394 cm-1 for amide groups, as well as intense
bands at 1581 cm-1 and 1619 cm-1 for
carboxylic acid carbonyl and bands at 1683 cm-
1 and 1713 cm-1 for amide group carbonyl,
suggest that the interaction of gabapentin and
carboxylic chloride is successful, which confirms
the formation of compounds (MY1, MY2 and
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MY3).

the H-NMR analysis was used to identify the
synthesized compounds. the spectra were recorded
using DMSO solvent the values of the characteristics
of the chemical shift were Interpreted by using ACD/
lab software which was designed to interpret the
NMR result according to the literature curve of
analogue compounds and references chemicals. the
result report summarized in table (5).

Comp. H-NMR
No.
MY1 1.40 (br.s., 23 H), 1.96 (s, 4 H), 2.97 (s, 4 H), 7.46 (br. s., 2 H
MY2 1.42 (brs, 22 H) 1.98 (brs, 3H) 2.98 (brs, 3H) 7.45 (brs, 1 H)
MY3 m 0.86 (br d, J=6.58 Hz, 5 H) 1.35 (br d, J=7.13 Hz, 6 H) 1.42 (br's, 12 H) 1.98 (s, 2 H) 2.42 (br d, J=7.13 Hz, 2
H) 2.99 (s, 2 H) 7.10 (br d, J=8.23 Hz, 2 H) 7.19 (br d, J=8.23 Hz, 2 H)
s = singlet, d = doublet, br = broad signal, J= coupling constant.

Cytotoxicity assays in vitro bioassay methods are
used to predict the toxicity of substances to various
tissues. In vitro cytotoxicity testing provides a crucial
method for safety assessment and screening
compounds [13]. The cytotoxic effect of the synthesis
compounds was determined by the MTT test
performed using a normal rat cell line where IC50 (or
lethal dose, 50%) values were determined by fitting
a dose-response curve (four parameters: the bottom
and top plateaus of the curve, the IC50, and the
slope factor) to inhibition (%) to the data, using
GraphPad Prism Software figure (3). The (IC50)
results for MY1, MY2, MY3 were 1351 pg/ml, 941.3
pg/mland 3757 pg/ml, respectively. The
compounds classification is based on IC50 to (10—
100 pg/m strong cytotoxicity) and (100-500 pg/mL
moderate cytotoxicity) [14]. thus the compound MY3
is considered moderately toxic, while the two MY1
and MY2 compounds have low toxicity.
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Figure (3): Curve Fitting percentage inhibition versus
log of ligand concentration to determine IC50 synthesis
compounds (R2 > 0.98).

The results showed that the melting temperature Tm
increased with the increase in the concentration of
the inhibitor, which indicates the binding of the
inhibitor to the protein at the site where the stability
of the protein increases. Indicating that the inhibitors
positively correlate with TNF-alpha. Figures (4), (5)
and (6). The values of ATm are significant. where any
small molecule yielding ATm > 2.0 °C was indicated
as a hit potential [15]. The increase in ATm was also
observed with increasing bonding concentration,
this means the stability of the TNF-alpha increases
with the increasing concentration of the inhibitor,
331

indicating the affinity of the compounds to the
protein the researchers pointed to that ATm is for the
higher affinity inhibitor and decreased when the
affinity decreases [16].

Kd is the dissociation constant and is the ligand
concentration, which correlates with half of the
binding sites on the protein in a balanced system and
is considered an indicator of selectivity [17] . Kd
values were as follows 0.129 uM, 10.19 uM, 0.389
UM . The best values for kd are in MY1 being the
lowest values compared to the other compounds,
while the highest values are in the compound MY2.
when higher the Kd value, the lower the correlation
and the lower the interactions, the opposite occurs
when the Kd value is low. the kd value of all ligands
is acceptable, they are within the range of moderate
affinity. In biochemistry or pharmacology, the
binding affinity range of Protein interactions is
considered to have high affinity if Kd is less than 10
nM (for antibody-antigen complex), medium affinity
in the 10 nm-100 pM range, and low affinity if Kd is
above 100 pM [18]. The dissociation constant
represents the partial saturation as a function of the
free bonding concentration. Once the Kd of a
particular protein-ligand composition has been
determined, it is possible to predict partial saturation

at any ligand concentration [19].
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Figure (4): Thermal shift curves of unfolding transition of
TNF-alpha in the presence of 100 uM, 10 uM, 1 uM, 0.1
uM 0.01 uM, and O uM of MY1. Data fit Boltzmann
equation gave midpoint Tm of 81.13°C, 78.52°C,

77.07.5°C, respectively, (R2 > 0.9).
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Figure (5): Thermal shift curves of unfolding transition
of 0.5 uM TNF-alpha in the presence of 100 uM, 10 uM,
1uM, 0.1 uM 0.01 uM, and O uM of MY2. Data fit
Boltzmann equation gave midpoint Tm of 81.13°C,
78.52°C, 77.07.5°C, 75.48°C,73.38°C and 69.69°C,
respectively, (R2 > 0.9).
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Figure (6): Thermal shift curves of unfolding transition
of 0.5 uM TNF-alpha in the presence of 100 uM, 10 uM,
1uM, 0.1 uM 0.01 uM, and O uM of MY3. Data fit
Boltzmann equation gave midpoint Tm of 81.80°C,
76.81°C, 74.81°C, 72.26°C,70.26°C and 69.83°C,
respectively, (R2 > 0.9).

One of the methods for evaluating drug-like
compounds is by calculating ligand efficiency (LE),
where ligand efficiency refers to the ability of a ligand
to produce a biological response upon binding to
the target receptor and the quantitative quantity of
this response, the smaller ligands bind more
efficiently when comparing the binding affinity per
heavy atom [20]. On the other hand, the spontaneity
of the reaction is determined based on the Gibbs
free energy (AG) value where Negative values
indicate that the reaction occurs spontaneously [21] .
The value of AG was calculated based on the kd
values, by converting the Kd into the free energy of
binding at 300K, LE is useful in ligand assessment
and can be calculated by dividing AG by the number
of heavy atoms (non-hydrogen atoms) [22]. as shown
in table (6).

Inhibitor (AG) Kcal/ Heavy | (LE) Kcal/ mole/
Nam mole atoms HA
MY1 -9.44 41 0.230
MY2 -6.84 33 0.207
MY3 -8.35 33 0.253

The results of (LE) showed a ligand capable of
significantly inhibiting TNF-alpha. Evaluated based
on ligand efficiency scores (LE < 0.3) [23]. hat
compounds have high ‘ligand efficiency’ (binding
affinity per heavy atom) and so are highly suitable for
optimization into clinical candidates with good drug-
like properties [24].

IC50 is the most widely used and most informative
measure of drug effectiveness. Refers to the amount
of drug required to inhibit half of the biological
activity [25]. A patient serum sample was used in this
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analysis to measure the effect of the compounds on
TNF-alpha, and dilutions of the ligand added to the
serum. The serum - ligand was left for 30 min at 37
°C to allow the interaction to occur. The (IC50) results
for MY1, MY2 and MY3, were 4.34 nM, 4.50 nM and
4.60 nM, respectively. The curve (Figure (7) showed
that all compounds were highly effective in inhibiting
TNF-alpha, as the percentage of protein inhibition
increased when the concentration of the compounds
increased, this occurs as a result of the binding of the
inhibitors at a position that prevents the protein from

binding with an antibody coating in the Elisa plate.

150
- MY1
—A— MY2

100 -¥- MY3

(%] inhibition

T T 1
0.0 0.5 1.0 1.5

Log [ Concentration ] nM
Figure (7): Curve Fitting percentage inhibition versus
log of ligand concentration to determine IC50 of MY1
(R2 >0.9).

4. Conclusions

In this study, TNF-a inhibiting compounds were
designed by computer methods, these compounds
were evaluated in vitro. Experimental verification
indicated that the three compounds classified within
the medium toxicity also showed a significant ability
to bind with TNF-a. It also showed the ability to
inhibit TNF-a. The compounds can regulate the
levels or activity of TNF-a and can be an economical
alternative to antibody therapies. The inhibitors
identified could serve as a stepping stone in

developing new drugs.
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