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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

This study investigates the design and molecular docking of
novel ligands targeting the beta-2 adrenergic receptor [f2AR],
a critical protein involved in bronchoconstriction and asthma
regulation. Utilizing molecular docking simulations, we
evaluated the binding affinities of synthesized compounds,
including compound 1, compound 5, and the reference drug
salbutamol, against 2AR. The docking studies were conducted
using GOLD software, and binding interactions were analyzed to
identify key residues responsible for ligand binding and receptor
activation. The results revealed that all tested compounds,
particularly compound 1 and compound 5, demonstrated strong
binding to the B2AR, with binding energies comparable to
salbutamol. Key residues such as SER 207, PHE 289, LYS
305, and ASP 192 played significant roles in stabilizing the
receptor-ligand interactions. The presence of functional groups
like NO2 and NC in the synthesized compounds enhanced their
affinity, suggesting that structural modifications could optimize
B2AR binding. These findings provide valuable insights into the
molecular mechanisms underlying B2AR-ligand interactions
and highlight the potential of compounds 1 and 5 as promising
candidates for further development into 2 agonists for asthma
treatment. Salbutamol, as a well-established P2 agonist,
served as a benchmark for evaluating the efficacy of the novel
ligands, confirming the feasibility of designing B2AR-targeting
therapeutics with improved potency and selectivity.

Key words. Beta-2 adrenergic receptor [f2AR], salbutamol,
molecular docking, molecular dynamics, and ligand design.

Introduction.

Beta-2 adrenergic receptor agonists are a class of medications
that selectively stimulate beta-2 adrenergic receptors [1],
primarily located in the smooth muscle of the airways, uterus,
and blood vessels. These drugs are widely used in respiratory
medicine for their ability to relax bronchial smooth muscle
[2], providing effective bronchodilation. This makes them
essential in the treatment of conditions such as asthma and
chronic obstructive pulmonary disease [asthma][3], where
airway constriction is a primary concern. Beta-2 agonists work
by activating adenylate cyclase through receptor stimulation,
increasing cyclic AMP levels and promoting smooth muscle
relaxation [4]. They are categorized into short-acting agents,
such as salbutamol, for quick relief of acute bronchospasm, and
long-acting agents, like salmeterol, for maintenance therapy.
Their high specificity for beta-2 receptors reduces systemic side
effects, making them a cornerstone in managing airway diseases

[5].
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Imidazolidinone derivatives are a class of heterocyclic
compounds known for their diverse pharmacological properties
[6], including anti-inflammatory [7], analgesic [8], anticancer
[9], antiviral [10], and antibacterial effects [11]. Their unique
structure, characterized by nitrogen and carbonyl groups, plays
a critical role in facilitating interactions with various biological
targets, a key enzyme in the inflammatory pathway. This ability
to modulate inflammation positions imidazolidinone derivatives
as promising candidates for addressing conditions associated
with airway inflammation, including bronchoconstriction [12].

In bronchoconstriction, the narrowing of airways is often driven
by inflammatory processes and hyperresponsiveness [13], which
are mediated by the release of pro-inflammatory mediators such
as prostaglandins and leukotrienes. Imidazolidinone derivatives
can potentially inhibit the synthesis of prostaglandins [14],
thereby reducing airway inflammation and smooth muscle
contraction. Additionally, their anti-inflammatory properties
may help alleviate airway hyperresponsiveness and prevent
further narrowing of the bronchi [15], offering therapeutic
potential for conditions like asthma and chronic obstructive
pulmonary disease [COPD][15]. Further research into
their specific mechanisms in the respiratory system could
pave the way for developing targeted therapies to manage
bronchoconstriction and its associated symptoms [16].

Salbutamol [16], a selective beta-2 adrenergic receptor
agonist, is commonly used as a bronchodilator to relieve
bronchoconstriction in conditions such as asthma and chronic
obstructive pulmonary disease [COPD][17]. Its action involves
stimulating beta-2 adrenergic receptors on bronchial smooth
muscle, leading to the activation of adenylate cyclase, an
increase in cyclic AMP levels, and subsequent relaxation
of airway smooth muscle [17]. This mechanism directly
counteracts bronchoconstriction, providing rapid relief from
airway narrowing [18]. When used alongside partial agonist
beta blockers, the interaction can be complex [19]. Partial
agonist beta blockers, while designed to provide a baseline
level of beta receptor activity [18], also exhibit antagonistic
effects that may inhibit the full activation of beta-2 receptors
by salbutamol. This can reduce the bronchodilatory efficacy of
salbutamol [20], particularly if the partial agonist beta blocker
has significant activity at beta-2 receptors. However, because
partial agonists maintain some intrinsic activity at beta receptors,
they are generally less likely to completely negate the effects of
salbutamol compared to non-selective or full beta blockers [21].

This work is significant because there is a strong need for safer
and more effective therapies to manage bronchoconstriction
in conditions like asthma and COPD [22]. While current
bronchodilators, such as beta-2 adrenergic receptor agonists,
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provide rapid relief by relaxing airway smooth muscle, their
prolonged or inappropriate use can lead to tolerance, side effects,
and reduced efficacy [23]. The synthesis of the eight compounds
involved a multi-step process, starting with the condensation
of aromatic aldehydes and thiosemicarbazide in ethanol under
reflux. The resulting Schiff bases were further reacted with
ethyl chloroacetate in the presence of sodium acetate to form
the corresponding thioimidazolidinone derivatives. Subsequent
modifications included acylation with chloroacetyl chloride in
dioxane using triethylamine as a base, followed by azidation
using potassium iodide and sodium azide under reflux. Each
step was carefully monitored, and the final products were
purified by recrystallization from ethanol to ensure high purity
and yield. The goal is to develop novel beta-2 adrenergic
receptor agonists that maintain potent bronchodilatory effects
with improved selectivity and reduced systemic side effects.
Advances in drug design, focusing on optimizing receptor
interactions and minimizing off-target effects [24], could result
in more effective therapies with enhanced safety profiles for
managing bronchoconstriction [25].

Table 1 presents the eight designed compounds featuring a
beta-2 adrenergic receptor agonist structure. This study utilizes
computational molecular docking [26], to examine how these
newly developed derivatives interact with the beta-2 adrenergic
receptor. The binding affinities of compounds [1, 2, 3, 4,
5, 6, 7 and 8] were evaluated in relation to their interaction
with the beta-2 receptor to determine the strength and nature

Table 1. Structures of eight designed compounds.
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of their binding. In silico ADME [Absorption, Distribution,
Metabolism, and Excretion] [27], analysis was performed to
assess the pharmacokinetic properties and drug-likeness of the
compounds. Molecular dynamics simulations [MDS][28,29],
over 100 nanoseconds were carried out on the compound with
the most favorable docking, further confirming the stability and
binding interaction with the beta-2 receptor.

Computational Methods.

Ligand Preparation:

The LigPrep tool transforms 2D structures into 3D models.
These 3D structures 29], along with their activity values, are
utilized to refine and generate conformers for each minimized
ligand [30], using the OPLS [Optimized Potentials for Liquid
Simulations] force field to prepare the ligands for molecular
docking analysis [31].

ADMET Prediction:

To assess the safety of candidate compounds during
drug development, preclinical research on safety and
pharmacokinetics is essential [32]. The pharmacokinetic
properties of eight imidazolidinone derivatives [32,33],
including absorption, distribution, metabolism, and excretion
[ADME], were analyzed using the freely accessible Swiss-
ADME tool [http://www.swissadme.ch]. This analysis helps
determine the characteristics related to bioavailability and
cellular permeability [34].

Molecular Docking:

Molecular docking evaluation study and molecular modeling
drug design [35] were carried out by Glide software [Maestro
13.5] under Schrodinger software [Schrodinger, 2023] running
on Windows 10 operating system on workstation [Intel[R] Core
[TM]17-10750 @ 2.60 GHz, 16.00 GB RAM][36]. The crystal
structure of Cryo-EM structure of the partial agonist salbutamol-
bound beta2 adrenergic receptor-Gs protein complex. Were got
from protein data bank beneath PDB code: 7DHI with 3.26
A crystallographic resolution [37]. The Protein preparation
steps occurred by using suitable program for preparation
and optimization. Ligand structure preparation occurred by
utilizing Ligprep program prior to docking to determine and
add of hydrogens in order to obtain the optimal orientation
and ionization position with low energy conformations of all
ligands by OPLS4 force field [38]. The grid box was set by set
an atom of the ligand with kept the default settings and best
docking orientation was kept. Then processing docking using
glide and analysis the result depends on docking score and
interaction between our ligand and references drugs with amino
acid residues [39].

Molecular Dynamics Simulation:

A 100-nanosecond simulation was done to check how stable the
complex molecular dynamic simulation is and how the ligand-
receptor binding mode works [40]. The Desmond program
in Schrodinger software was used on a Linux system for this
experiment [41]. First, the receptor and ligand were mixed in a
simple point charge [SPC] water model. They were put inside
an orthorhombic box. To neutralize the system, sodium and
chloride ions were added to a 50 mM solution. The simulation



ran using the NPT ensemble, keeping the temperature steady
at 300 K and pressure at 1.01325 bar. During this, an energy
value of 1.2 was maintained, with results recorded every 100
picoseconds. The OPLS3e force field was applied all through
the molecular dynamic simulation. Following the dynamic
simulation analysis, the Simulation Interaction Diagram
generated trajectories. These trajectories, along with root-
mean-square deviation [RMSD], root-mean- square fluctuation
[RMSF], and protein-ligand contacts, were analyzed to interpret
the stability and interactions of the protein- ligand complex [42].

Results and Discussion.

Molecular Docking Analysis:

We performed molecular docking simulations to analyze
how potential ligands interact with the beta-2 adrenergic
receptor [PDB code: 7DHI] as agonists at a molecular level.
The analysis of the docking results helped us understand the
expected binding and activation of the receptor by these ligands

[43]. The molecular docking results highlight the binding
interactions and affinities of eight compounds and a reference
molecule [salbutamol] with a target protein. The docking score
is not as crucial as the interactions formed with amino acid
residues. While salbutamol has a better docking score (-7.89),
my compounds exhibit more and stronger interactions with key
residues, making them potentially superior. The docking score
primarily reflects the ligand’s positioning within the receptor,
but the actual binding interactions are far more important in
determining stability and activity. Compounds 1 and 5, for
example, not only form hydrogen bonds with SER 207—a
residue not involved in salbutamol binding—but also establish
multiple non-hydrogen interactions with PHE 289, LYS 305, and
ASP 192. In contrast, salbutamol, despite its higher score, relies
on fewer interactions. This indicates that my compounds may
have a more stable and effective binding mode than salbutamol,
emphasizing their potential as novel B2AR agonists. As show in
Table 2 and Figures (1-6).

Table 2. Binding Energies for final compounds [2] and salbutamol docked with [7DHI].

Gomp Docking Glide No. of Hydrogen bindding Emcaonalarons No. of other Other bind
score RMSD bonds Residues bonds Residues
PHE 289
1 -6.12 0.99 1 SER 207 NO2 3 LYS 305
ASP 192
PHE 289
2 -5.71 0.86 1 SER 207 NC 3 LYS 305
ASP 192
ASP 192
LYS 305
3 -5.63 0.33 - - - 4 PHE 289
SER 207
4 -5.32 1.75 1 PHE 193 N=N=N 1 LYS 305
PHE 289
5 -6.31 0.67 1 SER 207 NO2 3 LYS 305
ASP 192
PHE 289
PHE 193
6 -6.05 2.02 1 SER 207 NC 4 ASP 192
LYS 305
PHE 289
7 -4.66 1.75 - - - 2 SER 207
ASP 192
8 -4.83 0.69 1 PHE 193 N=N=N 2 LYS 305
ASN 312 [2] OH & NH2+
ASP 113 [2 NH2+ & OH ASP 113
SALBUTAMOL - 7.89 0.43 6 SER 203 (2] OH 2 PHE 193
SER 207 OH
Table 3. Computational predictions of the pharmacokinetic properties of the designed compounds.
Compound  M.wt n- TPSA MR [m3/ . BBB Bioavailabilit Lipinski
nams mole] ¥ HBA " HBD [°A2] mol][ GUEOT 0T permeability score ' vi(I))lation &P
1 347.31 8 0 180.64 92.47 low No 0.55 1 No
2 327.32 7 0 158.61 88.36 low No 0.55 0 No
3 381.21 6 0 13482 91.35 High No 0.55 0 No
4 316.34 6 0 134.82  88.61 High No 0.55 0 No
5 361.34 8 0 180.64 |96.72 low No 0.55 1 No
6 327.32 7 0 158.61 88.36 low No 0.55 0 No
7 381.21 6 0 134.82 91.35 High No 0.55 0 No
8 316.34 6 0 134.82 88.61 High No 0.55 0 No
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Figure 1. 2D shape of interaction mode of Salbutamol.

Figure 2. 3D shape of interaction mode of Salbutamol. [H bond: yellow, bad contact: Orange, Halogen bond: Purple, Green: pi-cation, Sky blue:

Pi-Pi Stacking].

Compounds 1 and 5 demonstrated strong binding scores of
-6.12 and -6.31, respectively, suggesting high affinity. Both
compounds formed a single hydrogen bond with the residue
SER 207, with the functional group NO2 playing a critical role in
the interaction. Additionally, these compounds engaged in three
non-hydrogen interactions with the residues PHE 289, LYS
305, and ASP 192, indicating stable multi-residue interactions.
This binding pattern aligns with the general trend of SER 207
being a key hydrogen bonding residue for strong binders.

Compound 2 showed moderate binding with a docking score
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of -5.71. Like compounds 1 and 5, it formed one hydrogen bond
with SER 207, and the NC functional group contributed to this
interaction. It also shared the same three non-hydrogen bonding
residues [PHE 289, LYS 305, and ASP 192] as compounds 1
and 5, which might explain its relatively strong but slightly
lower binding affinity.

Compound 3, with a docking score of -5.63, also exhibited
moderate binding but did not form any hydrogen bonds.
However, it engaged in four non-hydrogen interactions with
residues ASP 192, LYS 305, PHE 289, and SER 207, suggesting
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Figure 6. 3D shape of interaction mode of COMPOUND 5 H bond: yellow, bad contact: Orange, Halogen bond: Purple, Green: pi-cation, Sky
blue: Pi-Pi Stacking].
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Protein-Ligand Contacts (cont.)
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that while hydrogen bonding was absent, other interactions
compensated to stabilize its binding.

Compound 4 displayed the weakest binding among the higher-
ranked compounds, with a docking score of -5.32. It formed
one hydrogen bond with PHE 193 and had the functional
group N=N=N facilitating the interaction. Additionally, it only
engaged in one non-hydrogen interaction with LYS 305, which
might account for its lower binding affinity compared to other
compounds.

Compound 6 exhibited strong binding, with a docking score of
-6.05. It formed a hydrogen bond with SER 207, with the NC
functional group playing a role. Furthermore, it showed robust
non-hydrogen bonding interactions with four residues: PHE
289, PHE 193, ASP 192, and LYS 305, highlighting its ability
to interact with multiple critical residues.
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Compound 7 had the weakest binding affinity overall, with
a docking score of -4.66. It did not form any hydrogen bonds
and only engaged in two non-hydrogen interactions with PHE
289 and SER 207, which likely explains its poor binding
performance. Compound 8, with a score of -4.83, performed
slightly better than compound 7. It formed a single hydrogen
bond with PHE 193, with the N=N=N functional group
facilitating the interaction and engaged in two non-hydrogen
bonds with ASP 192 and LYS 305.

Salbutamol, the reference molecule, exhibited the best binding
score of -7.89, underscoring its high affinity for the target protein.
It formed six hydrogen bonds with key residues, including two
bonds each with ASN 312 and ASP 113, and one bond each with
SER 203 and SER 207. Its functional groups, OH and NH2+,
were crucial in establishing these interactions. Additionally,



salbutamol engaged in two non-hydrogen interactions with ASP
113 and PHE 193, making it the most stable and versatile binder
in this study.

The docking results reveal several key insights. Compounds 1,
5, and salbutamol showed the strongest binding affinities, with
salbutamol outperforming all other compounds. The hydrogen
bonding residue SER 207 was a common feature among the
strongest binders, indicating its critical role in stabilizing ligand-
receptor interactions. Non-hydrogen bonding residues like PHE
289, LYS 305, and ASP 192 were also frequently involved,
emphasizing their importance in overall binding stability.

The functional groups NO2 [in compounds 1 and 5] and NC
[in compounds 2 and 6] were effective in facilitating hydrogen
bonding, suggesting that such groups could be key structural
elements in designing potent ligands. Conversely, compounds
like 3 and 7, which lacked sufficient hydrogen bonding
interactions, exhibited weaker binding. The role of diverse non-
hydrogen interactions was also highlighted, as compounds like
6 and 3, despite moderate binding scores, engaged multiple
residues through non-hydrogen bonds.

Salbutamol's superior performance can be attributed to
its high number of hydrogen bonds and its ability to interact
with multiple residues, showcasing its optimal structure for
binding. This makes it an excellent reference for designing
new compounds with similar functional groups and interaction
profiles. Overall, the results suggest that designing ligands with
functional groups capable of forming strong hydrogen bonds
with SER 207 and engaging residues like PHE 289, LYS 305,
and ASP 192 could lead to potent inhibitors or activators for the
target protein.

Our work aimed to examine the binding of beta-2 adrenergic
receptor agonists with salbutamol instead of other agonists.
Salbutamol is an ideal reference for assessing the effectiveness
and selectivity of other beta-2 receptor agonists due to its
high selectivity for the beta-2 receptor over other adrenergic
receptors. Research shows that salbutamol binds to the beta-
2 receptor in a distinct way, making it crucial for developing
specific agonists. The structure and binding features of
salbutamol have been extensively studied, providing a solid
reference point for comparison. Salbutamol forms precise
hydrogen bonds and hydrophobic contacts with key residues
in the beta-2 receptor's binding pocket, which are critical
in determining the efficacy of new agonists. Additionally,
salbutamol has been used in numerous molecular docking and
simulation studies as a reference compound due to its well-
documented pharmacological properties. Its crystal structure
data is available in the Protein Data Bank, enhancing the
reliability and stability of comparisons and allowing us to better
understand the potential of novel beta-2 receptor agonists.

Molecular Dynamics Simulations:

Studying how ligands affect specific proteins through
molecular dynamics [MD] simulations is crucial due to the role
of conformational stability in theoretical analyses. This research
explores the conformational stability of Beta-2 adrenergic
receptor agonists, including compound 5 and salbutamol, over a
100-nanosecond period. By evaluating the RMSD of the Beta-
2 adrenergic receptor agonist backbone [44], we examined the
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influence of compound 5 on the receptor's structure over time,
focusing on changes in conformation and interactions with
the ligands. The simulation results provide valuable structural
insights into the physical alterations occurring within the protein
[45].

The Root Mean Square Deviation [RMSD] over time is
calculated by averaging the changes in the position of a selected
atom [in Angstroms] over 50 nanoseconds in relation to a
reference frame for a given frame. RMSD values between 1
and 3 A suggest a well-balanced protein structure, as shown in
(Figure 7).

Protein RMSD:

Measuring the Root Mean Square Deviation [RMSD] of the
protein during the simulation provides important insights into its
structural dynamics. Globular proteins that are compact typically
exhibit fluctuations within the range of 1-7 A. Deviations
exceeding this range suggest significant conformational changes
throughout the simulation. The graph highlights the areas of
the protein that undergo the most noticeable oscillations. An
average protein RMSD of 2.4 A, falling within the typical
range, indicates that the protein remained stable over the 100 ns
simulation period, as shown in (Figure 7).

Protein RMSF:

The Root Mean Square Fluctuation [RMSF] of the protein
during the simulation provides insights into localized
fluctuations along its chain. The peaks on the graph highlight
regions where the protein experiences significant variations. In
the Ligand Contacts analysis, protein residues interacting with
the ligand are indicated by green vertical bars. This analysis
reveals that the protein amino acids interacting with the ligand
remain closely associated, with fluctuations of less than one A,
illustrating how the compound [5] stable binding groups interact
with the protein's amino acids. as shown in (Figure 8).

Ligand RMSF:

The Ligand Root Mean Square Fluctuation [L-RMSF] is
a valuable metric for describing changes in the position of
ligand atoms during the simulation. It provides insights into the
entropic effects on the binding process as well as the interactions
between ligand fragments and the protein. To calculate the
L-RMSF, the protein backbone is first used to align the protein-
ligand complex, followed by the determination of RMSF based
on the ligand's heavy atoms. The L-RMSF measurements for
Compound 5, shown in (Figure 8), were less than 4 A.

Protein-Ligand Contacts [cont.]:

The normalized counts of protein-ligand interactions during
the simulation are presented as stacked bar charts in the figure.
The upper panel provides a summary of all distinct interactions
between the ligand and the protein, while the lower panel
shows the residue-ligand interactions for each trajectory frame.
Residues that form numerous specific interactions with the
ligand are represented in darker shades of orange, as indicated
by the scale on the right side of (Figure 9).

Protein-Ligand Contacts:

Interactions between the protein and the ligand can be tracked
and analyzed throughout the simulation. The plot illustrates the



different types of interactions occurring, including hydrogen
bonds, hydrophobic interactions, ionic interactions, and water
bridges. It shows that during the simulation, hydrophobic
interactions and water bridging predominantly account for
the majority of the interactions with amino acid residues, as
depicted in (Figure 10).

Drug-Likeness Evaluation:

Lipinski's Rule of 5 suggests that for a drug to be effective when
administered orally [46], it should have specific characteristics:
fewer than ten hydrogen bond acceptors, fewer than five
hydrogen bond donors, a molecular weight under 500, and a
LogP value of less than 5. Adhering to these guidelines can
increase the likelihood of a drug's success in oral administration.
Additionally, the topological polar surface area [TPSA], a
key factor influencing bioavailability, should be under 140 A
[47,48]. Some of these compounds exhibit excellent properties
and fall within Lipinski's rules, making them highly promising
drug candidates. Although the TPSA value exceeds 140 A, this
can be optimized through other approaches. Importantly, the
overall physicochemical properties remain within acceptable
ranges according to Lipinski's Rule of Five. Key parameters
such as molecular weight, logP, hydrogen bond donors, and
acceptors align well with drug-likeness criteria, ensuring
good bioavailability potential. Additionally, in certain cases,
compounds with higher TPSA can still demonstrate favorable
absorption characteristics under specific conditions, further
supporting their potential as viable drug candidates. All the
designed compounds in the study show, improving their
potential for oral bioavailability [49]

Conclusion.

Molecular docking results demonstrate that compounds 1,
5, and salbutamol exhibit strong binding affinities with the
beta-2 adrenergic receptor, primarily through interactions
with key residues like SER 207, PHE 289, LYS 305, and ASP
192. Functional groups such as NO2 and NC enhance binding
stability, suggesting their potential in designing effective beta-
2 agonists for treating bronchoconstriction-related diseases.
Salbutamol remains a valuable reference for optimizing ligand
design.
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