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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
This study investigates the design and molecular docking of 

novel ligands targeting the beta-2 adrenergic receptor [β2AR], 
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 β2AR. 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 β2AR, 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 
β2AR binding. These findings provide valuable insights into the 
molecular mechanisms underlying β2AR-ligand interactions 
and highlight the potential of compounds 1 and 5 as promising 
candidates for further development into β2 agonists for asthma 
treatment. Salbutamol, as a well-established β2 agonist, 
served as a benchmark for evaluating the efficacy of the novel 
ligands, confirming the feasibility of designing β2AR-targeting 
therapeutics with improved potency and selectivity.

Key words. Beta-2 adrenergic receptor [β2AR], 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].

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 

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] i7-10750 @ 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 
Å 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 
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Table 1. Structures of eight designed compounds.
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[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 β2AR agonists. As show in 
Table 2 and Figures (1-6).

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 

Comp Docking 
score

Glide 
RMSD

No. of  
bonds

Hydrogen bindding 
Residues Functional group No. of other 

bonds
Other bind 
Residues

1 -6.12 0.99 1 SER 207 NO2 3
PHE 289
LYS 305
ASP 192

2 -5.71 0.86 1 SER 207 NC 3
PHE 289
LYS 305
ASP 192

3 -5.63 0.33 - - - 4

ASP 192
LYS 305
PHE 289
SER 207

4 -5.32 1.75 1 PHE 193 N=N=N 1 LYS 305

5 -6.31 0.67 1 SER 207 NO2 3
PHE 289
LYS 305
ASP 192

6 -6.05 2.02 1 SER 207 NC 4

PHE 289 
PHE 193
ASP 192
LYS 305

7 -4.66 1.75 - - - 2 PHE 289
SER 207

8 -4.83 0.69 1 PHE 193 N=N=N 2 ASP 192
LYS 305

SALBUTAMOL - 7.89 0.43 6

ASN 312 [2]
ASP 113 [2]
SER 203
SER 207

OH & NH2+
NH2+ & OH
OH
OH

2 ASP 113
PHE 193

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

Compound 
name

M.wt [g/
mole]

n- 
HBA n HBD TPSA 

[0A2]
MR [m3/
mol] GI absorption BBB 

permeability
Bioavailability 
score

Lipinski 
violation Pgp

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 0 134.82 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

Table 3. Computational predictions of the pharmacokinetic properties of the designed compounds.
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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 

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 

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].
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Figure 3. 2D shape of interaction mode of COMPOUND [1].

Figure 4. 3D shape of interaction mode of Compound [1]. ]H bond: yellow, bad contact: Orange, Halogen bond: Purple, Green: pi-cation, Sky 
blue: Pi-Pi Stacking].

Figure 5. 2D shape of interaction mode of COMPOUND 5.
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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].

Figure 7. RMSD  of the atoms of protein and the ligand over time [compound 5-7DHI].

Figure 8. RMSF plot of the protein [compound 5-7DHI].
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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.

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, 

Figure 9. Protein-ligand interactions during Time [compound 5-7DHI].

Figure 10. Protein-ligand contact histogram [compound 5-7DHI].
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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 

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 Ångströms] over 50 nanoseconds in relation to a 
reference frame for a given frame. RMSD values between 1 
and 3 Å 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 Å. 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 Å, 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 Å, 
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 Å.
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 
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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 Å 
[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 Å, 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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