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Abstract: High altitude pulmonary edema (HAPE) is a syndrome of non-specific symptoms including dizziness, lack of energy,
cough, cyanosis and nausea. HAPE is caused by fluid accumulation in lungs. Treatment of HAPE includes diuretics and
pulmonary vasodilator medications. Bergenia stracheyi (Hook.f. & Thomson) Engl. and Awagallis arvensis .. can be potential
antioxidant and anti-inflammatory components. Thus, active components of these plants could be used as ligands against targeted
proteins to treat pulmonary oedema. B-cudesmol from B. strachyer (Hook.f. & Thomson) Engl. was utilized as a ligand and
phosphodiesterase-5 as the targeted protein for molecular docking. Targeted protein and selected ligand showed fulfilled ADMET
propetties as well as good binding energy with targeted protein. B-eudesmolshowed-5.6 binding affinity with targeted protein and
appeared to have a good binding affinity. Molecular docking analysis used in this study for identification of novel compounds
from therapeutic interest and ligand-target interactions at molecular level, utilized different online tools and softwares; (PubChem,
ChemSketch, PyMOL, UniProt, Chimera, Depth residue, PyRx and Discovery Studio) in order to predict binding energies and
appropriate drug targets. Thus, this complex is also suitable for MD simulation for novel drug discovery. MD simulation was
performed by Desmond software, and it showed stability of complex. Thus, B. strachyei (Hook.f. & Thomson) Engl. showed great
evidence of anti-inflammatory and diuretic activities and it can be further studied for 7 vitro trial experiments for their potential
treatment of high-altitude pulmonary oedema as compared to A. arvensis L.

Keywords: Anagallis arvensis L.; Anti-inflammatory; Bergenia stracheyi (Hook.f. & Thomson) Engl.; High altitude pulmonary
oedema; Hypoxic pulmonary vasoconstriction; Molecular docking

1. Introduction

The introduction Plants have a crucial role in our life as they have been utilized in medicinal and cosmetic applications since time
immemorial. In fact, pharmaceutical and cosmetic industries production depend on plants. A single plant can produce different
types of bioactive compounds such as glycosides, alkaloids, flavonoids, polyphenols, phytosterols, terpenoids, etc (Christian, B.
2021). Moreover, secondary metabolites or phytochemicals that are present in fruits, vegetables, grains, stem, leaves, roots and
other plant parts give the basic nutrition and health benefits. These include decreasing the risk of chronic inflammatory diseases,
increased activity of enzymes, DNA metabolism and repair, reducing cell proliferation, reduction in oxidative damage by acting
as enzyme inhibitors, peroxide decomposers, singlet oxygen quenchers, etc.(Lobo e7 a/., 2010). Medicinal plants, for instance, have
been used for centuries in traditional medicines (Hosseinzadehet es a/,2015). Ayurvedic (Mangal e/ 4/,2017), herbal and
homeopathic industries production completely depends on medicinal plant extraction which give life-saving medicines such as
anti-inflammatory, anti-oxidant, diuretics, anti-cancer and cardiac drugs with less toxic side effects than those of synthetic
medicines (Tesfaye ef a/. , 2020). In fact, a number of pharmaceuticals in today’s clinical use that are approved by FDA, are
originated from natural products derivatives and their analogues (De Smet, PA.G.M., 1997). Pharmaceutical industries are in
search of alternative, more natural and environmentally friendly pharmaceuticals and medicinal plants are a good source of
attraction by chemists, bio-chemist, and pharmaceutics because of phenolics, nitrogen compounds, vitamins, terpenoids along
with other secondary metabolites and these ate with more antioxidant, anti-inflammatory, antitumor, antimutagenic, anti-
carcinogenic, antibacterial, or anti-viral activities (Maridassand D. B, 2008; Mollazadeh ez a/. , 2019). Herbal medicines derived
from plants are being promoted to treat clinical diseases. However, considerable attention has been paid to the protective effects
of natural anti-inflammatory and anti-oxidants against many life-threating diseases such as pulmonary diseases (Licciardi and
Underwood, 2011). HAPE is a non-cardiogenic disease of non-specific symptoms including dizziness, headache, lassitude and
nausea, chest pain, pink sputum, wheezing and swelling in lower extremities. In HAPE fluid accumulation occurs in alveolar ducts
due to hypoxia and activate inflammatory mediators causing a serious illness. HAPE occurs in two forms, the first occurs when
un-acclimatized lowlanders travel to altitudes greater than 2500-3000 m, while the second form, called re-entry HAPE, occurs
when landers return after a journey at a lower altitude (Paralikar S.J, 2012).
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A significant number of human populations has occupied high altitude environment, including the mountainous geographic
regions of the Andes, Pamir, Ethiopian highlands, Tibet, and Tian-Shan. Moreover, over the past few decades, the number of
people moving to high altitudes has been continuously increasing due to economic purposes. High altitude is one of the most
critical extreme environments, described by great challenges. HAPE affects about 0.2 -6% in healthy mountaineers at altitude
above 2500 m and rarely occur below that height (Korzeniewsket ¢# a/., 2015). There is an in-crease in acute altitude sickness and
major medical problems among people who travel to high altitudes for both work and pleasure. It was found that patients with
HAPE experience a wide range of clinical symptoms when traveling for distance of around 11,500 feet. (Singh e# 4/, 2021). One
of the main aspects of high-altitude environments is alveolar hypoxia, which has a well-known effect on the cardio-pulmonary
system, including the development of pulmonary hypertension. The later, in turn, contributes to HAPE due to an exaggerated
hypoxic pulmonary vasoconstriction (Sydykov ef al., 2021) (Figure 1). Moreover, the chronic exposure to high altitude hypoxia
causes development of pulmonary hypertension, resulting in an increased pressure load on the right ventricle, leading to right
heart failure and premature death (Nacije ez al., 2013). Therefore, it is strongly believed that the absence of an effective medical
treatment, HAPE is one of the major causes of non-traumatic death at high altitude.
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Figure 1. Flow chart of High-altitude pulmonary oedema show high altitude pulmonaryhypertension (HAPH)
and capillary stress failure caused by hypoxia (Scherrer et al, 1996).

Among many of natural plants with medicinal and bioactive propetties, A.arvensis L. (poot man ‘s medicine), possessing a variety
of medicinal properties such as anti-inflammatory, anti-oxidant, anti-cytotoxic, anti-microbial and anti-viral activities. Various
studies have also shown the presence of bioactive compounds such as glycosides, kaempferol, stigmasterol, alkaloids, anagalligen
in, carbohydrates and arvenin-I and II in different parts of 4. arvensis L. (Yasmeen et al.,2020). It was shown that the
phytochemicals present in A. arvensis L. have a significant effect on the reduction of prostaglandin synthesis, hence reduces
inflammation (Saleemez 4/.,2020). A. arvens is also act as bioactive antioxidant and enzyme inhibitor (Aldughaylibies 4/,2022). For
in-stance, studies show the anti-inflammatory properties of A. arvensis L. which were measured using COX-1 and COX-2 assays
resulting in inhibition as well as anti-oxidant potential and scavenging of superoxide free radicals (Saleem ez /., 2020). In-fact, free
radical damage causes a variety of diseases, including pulmonary diseases, cardiac diseases, cancer, stroke, and rheumatoid arthritis.
Another important natural plant is Bergenia (B. strachyei (Hook.f. & Thomson) Engl.), commonly known as zakhm-e-hayat, which
possesses several biological activities including being diuretics, anti-inflammatory, anti-oxidant, anti-diabetic and anti-cancer
activities, etc. (Bhadraes a/.,2022). The Bergenia’s plant plays an important role as an anti-oxidant by reducing free radical damage
and also act as a diuretic to help kidneys release more sodium into urine and manage symptoms of oedema and hypertension
(Aggarwal ez al., 2011). Therefore, Bergenia is used to treat pulmonary disorders due to the aforementioned properties (Usman ez
al., 2012). Phytochemicals such as anagalligenin, anagalligenone, 1,8-Cineole, B-eudesmol and damascenone present in A. arvensis
L. and B. strachye: (Hook.f. & Thomson) Engl. are the target anti-inflammatory ligands to be investigated against high altitude
pulmonary edema in this study via studying the interactions of the target ligands with different proteins; phosphodiestrase-5,
carbonic anhydrase-2, creatinine kinase, phosphotidyl inositol-3 kinase and phospholipase A2.

Carbonic anhydrase -2 inhibitors that act as diutetics, are FDA approved drugs for altitude sickness prophylaxis (Aslam & Gupta,
2022). The main function of these inhibitors is preventing the breakdown of carbonic acid resulting in lower blood pH (ze., more
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acidic) (Jimenez e/ al.,2019). PDE-5 are present in various tissues including vascular and smooth muscle cells of vessels. The main
function of PDE-5 is to break-down cGMP, which is a second messenger that induces relaxation of smooth muscle cells as well
as regulates fluid and salt transport within the nephrons. cGMP mediates its function via different cellular targets: cGKs, cGMP-
gated cation channels, and phosphodiesterases (PDEs) (Mergia and Stegbauer, 2016). It shows up-regulation (Significantly
increased messenger RNA and protein level) of PDE-5 inhibitors which ultimately reduced hypoxia (Zhao ez a/., 2022). Inhibition
of PDE-5 enzyme prevents the breakdown of ¢cGMP causing the activation of protein kinase G which causes the relaxation of
vascular smooth muscles. Phospholipase A2 and NF-»B inhibitor are another class of medications with anti-inflammatory and
immuno-modulating properties (He-riansyaher 4/, 2021). Phospholipase A2 enzyme exists in many isoforms in tissues, which
catalyzes the hydrolysis of the ester bond at the sn-2 position of membrane glycerophospholipids releasing free fatty acids
including arachidonic acid (AA), which in turn, is transformed into a variety of bioactive lipophilic molecules known as
eicosanoids, such as prostaglandins (PGs) and leukotrienes (LTs) which are involved in numerous homeostatic biological functions
and inflammatory diseases (BBA, 2019). Phospholipase A2 binds to intracellular glucocorticoid receptors (GRs) which induces
expression of glucocorticoid-responsive genes that act as anti-inflammatory mediators. Therefore, anti-inflammatory such as
cytokines, interleukin 10, and lipocortins inhibit phospholipase A2, thereby blocking the release of arachidonic acid from
membrane phospholipids and prevent the synthesis of prostaglandins and leukotrienes which both are mediators of
inflammation. Phosphotidyl inositol 3-Kinase (PI3K) inhibitors are FDA approved for cancer treatments (Yang ez a/.,2019).

PI3K is an intracellular kinase mainly located on the medial side of the cell. The main role of PI3K is the regulation of the
survival, migration, proliferation, differentiation, transcription and translation of cells in the context of atherosclerosis, which
occurs through the activation of signaling pathways. PI3K also plays a crucial role in the progression and regression of
atherosclerosis. It was reported that the inhibition of PI3K enzyme causes cells death, inhibits cell proliferation and inhibits many
signaling pathways (Sowmithra ez 4/, 2020), which in turn, can reduce symptoms of hypertension (Daniela ez 4/, 2012). Creatine
kinase enzyme can also be inhibited to prevent platelet aggregation (Brewster, 2018). Moreover, up-regulation of the creatine
kinase pathway helps to maintain muscle creatine levels and limits cellular energy failure in skeletal muscles, hence, protect muscle
tissues damage due to hypoxia (Arazies al.,2021).

To the best of our knowledge, A. arvensis 1. and B. stracheyi (Hook.f. & Thomson) Engl. anti-inflammatory properties have not
been investigated for high-altitude pulmonary edema. Therefore, the main objective of our study is to screen phytochemicals of
A. arvensis L. and B. stracheyi (Hook.f. & Thomson) Engl. against inflammation resulted from high altitude pulmonary edema via
studying their interaction with different target proteins.

2. Results
2.1. Evaluation of selected proteins structures
Gene behind the protein, their role, accession number and molecular weight of carbonic anhydrase-2, phosphodiestrase-5,
phospholipase Az, creatine kinase and phosphotidylinositol-3 kinase has been determined (Table 1) and structures are depicted in
Figure 1.

Table 1. Structural feature of selected proteins.

Accession MolecularFigure

Proteins Genes Role Numbers weight No.
CA2, one of
Carbonic anhydrase- sixteen forms catalyzes reversible
2 of a carbonic  hydration of CO2 POO918  292kDa 3 (A)
anhydrases
949 amino- Regulate cGMP- specific
. acids were signaling pathways such as 108,494
Phosphodiestrase-5 present in srioothgrrrl)uscle c}(f)ntraction Q3SBD3 kDa. 3 (®)
PDE-5 and relaxation
phospholipid digestion and 19.058
Phospholipase A2  PLA: metabolism, signal P00630 kD, 3(©
transduction and host defense A
Reversibly catalyzes the
CK, contain transfer of phosphate ‘
Creatine kinase 381 amino-  Derveen ATP. Playerucial 55 = 431015
acids role in energy transduction in kDa

tissues with large, fluctuating
energy demands
activate signaling cascades
Phosphotidylinositol-contain 728  involved in cell growth,
3 kinase amino-acids  survival, proliferation,
motility and morphology

000459 8L, 5kDa (g
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(A).Complex of Carbonic anhydrase-2 (B) Complex of Creatine kinase (C) Complex of
phosphodiesterase-5

(D) Complex of phospholipase A (E) Complex of phosphotidyl inositol-3
kinase

Figure 3. Structures of targeted proteins A-E.

2.2. Evaluation of selected phytocompounds/ligand Structures
Selected phytocompounds or ligands have different structures (Figure 4), pubchem ID, molecular formulas and molecular weights

(Table 2).

Table 2. Selected Phytocompounds/ ligand Structures.
Selected compoundsPubChem IDsMolecular formula Molecular weight  Figures

1,8-cineole 2758 CioH150 154.25 4 (A)
B-Eudesmol 91557 Ci5sHz60 222.37 4 (B)
Damascenone 5366074 Ci3Hi150 190.28 4 (C)
Anagalligenone 72375825 Cs5Hs560 604.8 4 (D)
Anagalligenin 70680295 C30Hs005 490.7 4 (BE)
Terpenin-4-ol 2724161 Ci10H130 154.25. 4 (F)
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Figure 4. Structures of selected phytocompounds/ ligands for molecular docking.

2.3. Active Site of proteins

Active sites of carbonic anhydrase-2, creatine kinase, phosphotidyl inositol-3 kinase, phosphodiestrase-5, phospholipase Az
showed binding pockets and number amino acid residues where probability of binding ligands was more accurate (Figure 5).
Peaks elevation in graphs showed high binding possibility of ligands at specific residue number (Figure 06).

www.KurdishStudies.net



5100 Computational Analysis to Investigate the Anti-inflammatory and Diuretic Potential of Natural Compounds to Treat High Altitude Pulmonary
Oedema by Targeting Phosphodiesterase Type 5

(A)  Carbonic anhydrase-2 (B) Creatine kinase
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(C) Phosphatidyl inositol-3 kinase (D) Phosphodiesterase-5

(E) Phospholipase A

Figure 5. Cloud model of proteins
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Figure 6. Residue number and probability of protein with selected compounds A-E.

2.4. ADMET screening of selected drugs

Chemical distribution, absorption, metabolism, toxicity and distribution play avital role in drug development and discovery. High-
quality drugs show efficacy against therapeutic targets and show appropriate ADMET properties at therapeutic dose.
Development of 7 silico models have predicted ADMET properties and gave ADMET scores on the basis of 18 ADMET
properties by SwissADME (Table 3 and Figure 7).
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FLEX SIZE
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INSOLU

Figure 7. ADMET screening of f-Eudesmol.
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Table 3. Physiochemical properties and lipophilicity.
Lipophilicity

Physicochemical Properties

Formula CisH260 Log Po/w (ILOGP) 3.06
Molecular weight 222.37 g/mol Log Po/w (XLOGP3) 3.74
Num. heavy atoms 16 Log Po/w (WLOGP) 3.92
Num. arom. heavy atoms Log P,/w (MLOGP) 3.67
Fraction Csp3 0.87 Log Py, /w (SILICOS-IT) 3.64
Num. rotatable bonds 1 Consensus Log Po/w 3.60
Num. H-bond acceptors 1 Water Solubility
Num. H-bond donors 1 Log S (ESOL) -3.51
Molar Refractivity 70.46 Solubility ii?/lo * mg/ml; 3,104
TPSA 20.23 A2 Class Soluble
Pharmacokinetics Log S (Al -3.86
GI absorption High Solubility ifj/fz mg/ml ; 1.39<0¢
BBB permeant Yes Class Soluble
P-gp substrate No Log S (SILICOS-IT) -3.21
CYP1A2 inhibitor No Solubility Ilni(f/fl mg/ml ; 6.12<0¢
CYP2C19 inhibitor No Class Soluble
CYP2C9 inhibitor Yes C
CYP2DG6 inhibitor No Lipinski Yes; 0 violation
CYP3A4 inhibitor No Ghose Yes
Log K, (skin permeation) 15,00 em)/s Veber Yes
Medicinal Chemistry Egan Yes
No; 1 violation:
PAINS 0 alert Muegge Heteroatoms<2
Brenk 1 alert: isolated_alkene Bioavailability Score 0.55
No; 2 violations: MW <250,
Leadlikeness XLOGP3>3.5
Synthetic accessibility 3.38

2.5. Complex of targeted proteins with selected ligands

Hydrogen bond shows bond distance and bond length between specific amino-acid residues and interactions of selected ligands
with targeted proteins. ; ) ;
With carbonic anhydrase-2, anagalligenin showed hydrophobic interactions with bond distance of 4.76A, 4.88 A and 5.38A
between His-94, Leu-198 and Phe-131 respectively, while hydrogen interaction with a bond distance of 2.78A between Thr-199.
Anagalligenone showed hydrogen interaction with a bond distance of 2.30A, 2.72A and 2.89A with Thr-199, Thr-209 and His-
199, respectively. B-eudesmol and 1,8-Cineole showed both hydrophobic (bond distance 4.9A with Leu-198 and 4.86A with Leu-
198 respectively) and hydrogen interactions (bond distance of 2.17A and 2.25A between Asn-67 and His-94 respectively by B-
eudesmol and 2.46A with Gln-92 by 1,8-Cineole). Damascenone showed hydrophobic interactions (at 4.35A, 4.80A and 3.95A
with val-135, Phe-131 and His-94 respectively) and H- interactions of bond distance 2.24A with Gln-92. Terpinen-4-ol only
showed hydrophobic interactions with bond distances of 4,997, 4.22A, 4.96A and 4.10A with His-94, His-119, Thr-209 and Leu-
198 (Figure 8 A).

Anagalligenone, B-eudesmol, anagalligenin, and 1,8-cineole showed only hydrogen interaction with creatine kinase at bond
distance of 2.56A with Arg-130, 2.47A and 2.49A with Asn-286 and Arg-132, 1.85A and 2.15A with Arg-96 and 2.86A with Arg-
2306 respectively. Damascenone and terpenin-4-ol showed both type of interactions. Damascenone had hydrophobic interactions
with bond distance 2.88A with Trp-228 and 4.31A with Tle-238, while its H- interactions was with bond distance 1.81A and 2.57A
with Arg-130. Terpenin-4-ol showed hydrophobic interactions at 3.91A with Trp-228 and 5.28A with Arg-132, while its H-
interaction was with bond distance of 2.08A with Arg-236 (Figure 8 B).
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Anagalligenin, anagalligenone, B-eudesmol, 1, 8-cineole, damascenone and terpenin-4-ol showed hydrogen interaction with
protein phosphodiesterase-5 at bond distance of 1.93A, 2.31A, 2.57A and 2.58A with Glu-682, His-657, Leu-725 and Thr-723
by anagalligenin, 1.88A and 2.84A with Asp-654 and 2.92A with His-613 by anagalligenone 1.93A and 2.10A with His-613 by §-
eudesmol and cineole respectively, 2.00A with His-657 by dmascenone and 1.97A with Thr-723 and 3.97A with Met-681 by
tepenin-4-ol (Figure 8 C).

Phospholipase A2 showed hydrophobic interactions with anagalligenin, 8-eudesmol, damascenone, terpenin-4-ol and 1,8-cineole
at bond distance of 1.63A and 2.39A with Thr-47 and Cys-51 by anagalligenin respectively and 3.81A with Tyr-69 and 5.41A with
His-48 by B-eudesmol, 4.57A with Tyr-52 and 4.84A with Leu-31 by damascenone, 4.20A with Tyr-69 and 4.49A with Val-2 by
terpenin-4-ol and 4.37A with Phe-5, 4.79A with Val-2, 4.88A and 5.19A with Tyr-52 by 1,8-cineole. Anagalligenone showed only
H-interaction at bond distance of 2.28A with Tyr-22, 2.38A with Cys-45 and 2.73A with Tyr-52 (Figure 8 D).

Phosphotidyl inositol-3 kinase showed H-interactions of bond distance 2.33A and 2.10A with GIn-846 and hydrophobic
interaction 1.63A with Thr-47 and 2.39A with Cys-51 with anagalligenin. Anagalligenone (at bond distance of 1.93A with Arg-
690), B-eudesmol (at bond distance of 2.72A with Leu-657 and 3.070A with Gln-846) and terpenin-4 (at bond distance of 2.25A
with Gln-846) showed only H-interaction with phosphotidyl inositol-3 kinase. 1,8-cineole and damascenone showed hydrophobic
interactions with bond distance of 5.14A with Leu-657 by 1,8-cineole and 3.78A with Val-202 and 5.10A (Figure 8 E).

|
Figure 8. Complex of targeted proteins with selected ligands A-E.

2.6.RMSD and RMSF via MD Simulation

Complex of all selected ligands with PDE-5 (Figure 9 C) was selected for MD simulation, whose results showed that Gln-817
possess a strong H-interaction and thus, protein-ligand RMSD showed stability at 10ns which had been increased with the passage
of time and it’s changes within range (Figure 9 A, B, C). RMSD showed global changes in whole structure of complex. RMSF
showed individual residues fluctuation as its longer peak showed loop and coils and small peaks showed rigid structure of o helix
(54.86%) and B sheets (0.02% and secondary structure elements 54.88%) as compared to secondary structure (coils and loops)
of protein and part of protein which was in contact with ligandalso showed low fluctuations and more stability. RMSF depends
on secondary structures of protein, out of which 55% residues were helixes and 45% were coils and loops and these caused
fluctuations and high RMSD (Figure 9 D, E).
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Figure 9. MD simulation of phosphodiesterase-5 (PDE-5) by Desmon.

3. Discussion

Alveolar hypoxia is important feature of pulmonary hypertension, caused pulmonary vasoconstriction. HAPE is a syndrome of
non-specific symptoms that cause serious complication by increasing oxidative stress and inflammation in lungs. Genetic factors
and mitochondrial redox play important role in high altitude pulmonary oedema pathophysiology (Luo ef @/.,2012). Medicinal
plants have been used for centuries in traditional medicines (Hosseinzadehes 4/,2015). Phytochemicals in plants reduce the risk
of oxidative damage act as enzyme inhibitors, peroxide decomposers, singlet oxygen quencher etc. (Lobo ez a/.,2010). A.arvensis L.
and B. stracyei (Hook.f. & Thomson) Engl. ate important medicinal plant which have diuretics, anti-inflammatory and anti-oxidant
properties. Phytochemicals of A. arvensis L. and B. strachyei (Hook.f. & Thomson) Engl. included anagalligenin, anagalligenone,
1,8-Cineole, B-eudesmol, damascenone are used as anti-inflammatory ligand. Phosphodiestrase-5, catbonic anhydrase-2,
creatinine kinase, phosphotidyl inositol-3 kinase and phospholipase A2 are proteins used for novel drug discovery by interaction
of anti-inflammatory ligands and proteins against high altitude pulmonary oedema.

Molecular docking of selected ligands with targeted proteins showed binding affinities. All selected ligands showed negative
binding energies with targeted proteins (Afroz et al. , 2019; Poornima, G. and Sunitha, K. 2023). However, current results showed
that anagalligenone and anagalligenin have a high binding energy with targeted protein and due to high molecular weight of both
ligands, ADMET propetties are not fulfilled. Therefore, for MD simulation, those ligands were selected which fulfil Lipinksins
rule of 5 and ADMET properties which describe GI absorption, solubility of ligand, number of H- bond donar and acceptor
and whether it crosses blood brain barrier or not (Anish e# al. , 2023; Tao e al. , 2020). MD simulation is used in computational
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chemistry, and it describesthe interaction between selected ligand with targeted protein. For MD simulation B- eudesmol of B.
strachyei (Hook.f. & Thomson) Engl. was selected as ligand. Bergenia plays animportant role as anti-oxidant by reducing free radical
damage and also act as diuretics and help kidneys release more sodium into urine and manage symptoms of oedema and
hypertension (Aggarwal e 4/,2011) and protein Phosphodiestrase-5. It's up-regulated pathway (Significantly increased messenger
RNA and protein level) reduced hypoxia (Zhao e a/.,2022). Inhibition of this enzyme, prevent from degradation of cGMP cyclic
(Guanosine-mono phosphate) by PDE-5. cGMP causes activation of protein kinase G which causes the relaxation of vascular
smooth muscles. Phosphodiestrase-5 show interaction with all selected ligand but according to other rules of MD simulation we
would select B-eudesmol due to fulfill ADMET properties. It showed -5.6 binding affinity with phosphodiesterase-5. f-eudesmol
molecular weight was 222.37 g/mol, number of H-bond acceptor and donor was 1. This ligand showed molecular weight < 500,
< 5H- bond donors, <10H-bond acceptors

Complex of targeted proteins with selected ligands show hydrophobic and hydrogen interactions. MD simulation of 50ns by
Desmond show result of ligand and protein complex. For running simulation number of ions concertation of Na and CI
50.246mM and total charge for ions +28 for Na and -28 for Cl. Protein-ligand RMSD show protein and ligand complex stability
at 10ns. Ligand show stability by the increase of time and it s changes within range. Therefore, result shows that this selected
complex is a stable complex. RMSD show global changes in whole structure of complex. RMSF show individual residues
fluctuation. RMSF longer peak shows loop and coils and small peaks show rigid structure of o helix and 3 sheets as compared to
protein secondary structure coils and loops, that part of protein which in contact with ligand also show low fluctuations and more
stability. RMSF depend on protein secondary structute element composition. It show helix 54.86% and B-strands 0.02% and
secondary structure elements 54.88%. 55% residues makes helixes and 45% residues make coils and loops which cause
fluctuations and it s RMSD high. Another simulation graph also show fluctuations with tespect to time. MD simulation also
describe hydrophobic and hydrogen interactions. Results of protein ligand contacts of simulation show that GIn-817 show strong
H-interaction. Thus, selected complex show stability and could play a beneficial effect in future novel drug discovery for treatment
of high-altitude pulmonary edema.

4. Materials and Methods

The whole scheme of work has been presented in Figure 9 flowchart.

4.1. Selection and preparation of ligand/ Compound

1,8-Cineole, B-eudesmol, damascenone, terpinen-4-ol, anagalligenin and anagalligenone from A. arvensis 1. and B. stracheyi (Hook.£.
& Thomson) Engl. were selected as ligand due to their potential anti-inflammatory, anti-oxidant and diuretic role (Yasmeen ez
al,2020) to predict protein-ligand interaction and for drug development before it advances to the more costly stages of clinical
trial. Selected ligand’s structure had H-bonds Ball and sticks. Motreover, ADMET propetties wete checked via Lipinski ‘s rule of
5 for safety and efficacy of drug candidate for regulatory approval. Lipinski's rule of 5 give molecular weight<500, logP<5, <5H-
bond donors, <10H-bond acceptors. SDF files of 3D structure of ligand were obtained by PubChem database (Granataes a/.,2021)
while PDB file format of ligand structures were drawn by using ChemSketch to get 2-d structure, followed by PyMolsoftwares
(Bohnuude? a/,,2017).

4.2. Target/Protein identification

Structures of targeted proteins (phosphodiestrase-5, carbonic anhydrase-2, phosphotidyl inositol 3-kinase, phospholipase Aa,
creatine kinase, used as anti-inflammatory mediators to relax vascular smooth muscles and were used to decrease pulmonary
hypertension and capillary stress failure in high altitude pulmonary oedema) of pulmonary oedema pathways (pulmonary
vasoconstriction, pulmonary hypertension and capillary stress failure) were obtained through PDB and UniProt, while their 3d
structure were refined using UCSF chimera to remove all water molecules to obtain only a single chain of protein on basis of
homology pattern (Goddard ez 4£,2007).

4.3. Prediction of active sites

Active sites were predicted to provide required microenvironment for catalysis and to allow substrate to form enough contact
points for strong binding as if the binding site is identified, then docking calculates the binding affinity and stability. To predict
the active sites of targeted proteins, an online tool depth residue was used (Myung e# a/,2022).

4.4. Receptor grid generation

As each ligand has a specific binding site with proteins, so a computed grid consisting of selected amino acids has been made, by
keeping all the parameters default which produced a cubic box surrounding the active site of receptor for docking experiment.
For docking analysis, grid box was set at the retained coordinates of 1,8-Cineole, B-eudesmol, damascenone, tetpinen-4-ol,
anagalligenin and anagalligenone and it was set for carbonic-anhydrase 2 (centre x = -11.176 A, centre y = -1.5639 A, centre z =
18.8511 A), creatine kinase (centre x = -20.44 A, centre y = 3.8494 A and centre z = -13. 121 A), phosphatidylinositol-3 kinase
(centre x =30.73 A, centre y = -8.8488 A, centre z = 25.822 A), phosphodiesterase 5 (centre x =40.479 A, centre y = 4.132 A,
centre z = 52.934 A) and phospholipase-2 (centre x = 1.9152 A, centre y = 67.439 A, centre z = 136.440 A), while exhaustiveness
values (8) of all proteins were configured to obtain the finest binding conformational pose of selected compounds.
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4.5. Molecular docking

Molecular docking analysis was performed by PyRx (working on principle of Auto Dock Vina 4) considering the protein as
macromolecule and the ligand as phyto-compounds (sekar and Habib, 2022). All ligands were given as an input parameter with
all proteins separately to obtain different protein-ligand binding patterns and binding energies for the formation of their 2- and
3-dimensional graphics.

2.6. Interaction analysis
Interaction of protein and ligand was analyzed for interacting residues, bond type, bond length and bond distance by Discovery
Studio (Holcomb and Harris, 2022).

2.7. MD Simulation

To determine the stability, confirmation, and intermolecular interaction of the ligand with the targeted proteins, a molecular
dynamics (MD) simulation was run using the Desmond package, while time-dependent alteration of the complexes was computed
over 50 ns in a thermodynamic environment (applied volume, density, pressure, and temperature) and by using ensembles, the
entire system was annealed until reached equilibrium. Additionally, the last manufacturing stage looked into the complex's
structural adjustment and to assess the degree of structural changes, the trajectories of each complex were also subjected to a
number of specific parameters, including RMSD, RMSF, protein secondary structure element (SSE), conformational modification

of ligands, and intermolecular interactions.
| Selection of compound ‘

[ 1
) l e | I B || e
Proc!mtm_n of docking ‘ analysis ‘ : :
active sites —l— \ ) Simulation
J )

] | DiscoveryStudi
Rx €Ty,
PubChem —ChemSketch | | Uprorand Ll B 0 Desmond
— PyMOL and Depth [ |\ |

residue

Figure 9. Flow sheet of whole experiment.

5. Conclusions

In conclusion, this study demonstrated that medicinal plant A. arvensis L. and B. strachyei (Hook.f. & Thomson) Engl. had
aremarkable potential to protect the chronic symptoms of altitude sickness. Ligand B-cudesmol with protein phosphodiesterase-
5 had the highest binding affinity as compared to other ligands. It shows good ADMET properties and it s MD simulation 50ns
by Desmond shows stability with protein phosphodiesterase-5 at 10ns. In traditional system of medicine natural compounds had
been commonly used and played avital role in the treatment of various disorders. Various countries used the herbal components
as a medicine for their health care. Therefore, it is suggested that anti-inflammatory, anti-oxidant and diuretics containing
properties of herbal plants and their selected ligands had a positive impact with targeted proteins and shows protection without
exerting any adverse effect by inhibitory or stimulatory mechanisms. Thus, compound of Plant B B-eudesmol can be used for the
treatment of high-altitude pulmonary oedema and for further 7z vitro experiment of pulmonary oedema.
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Abbriviations

Ala= Alanine; Arg= Arginine; Asn= Asparagine; Asp= Aspartic acid; ADME= Absorption, Distribution, Metabolism
and Excretion AA= Arachidonic acid; BBB= Blood brain barrier; COX= Cyclooxygenase; cGMP= Guanosine-
mono phosphate; cGKs = cGMP-dependent protein kinases; CYP1A2 Gene = Cytochrome P450 Family 1 Subfamily
A Member 2; CYP2C19= Cytochrome P450 2C19; CYP2C9= Cytochrome P450 family 2 subfamily C member 9;
CYP2D6= Cytochrome P450 2D6; CYP3A4= Cytochrome P450 3A4; Cys= Cysteine; FDA= Food and Drug
Administration; GRs= Glucocorticoid receptors; GI absorption= Gastro-intestinal absorption; Glu= Glutamic acid;
Gln= Glutamine; Gly= Glycine; HAPE= High altitude pulmonary edema; HAPH= High Altitude Pulmonary
Hypertension; His= Histidine; HVR= Hypoxic Ventilatory Response; Ile= Isoleucine; LTs= leukotrienes; Log Po/w
(LOGP)= n-octanol/water partition coefficient; Lys= Lysine; Leu= Leucine; mPAP= Mean Pulmonary Artery
Pressure; MD= Molecular Dynamics; MW= Molecular weight; Met= Methionine; NF-«B= Nuclear factor kappa-
light-chain-enhancer of activated B cells; PDE-5= Phosphodiesterase-5 enzyme; PGs= Prostaglandins; PI3K=
Phosphotidyl inositol 3-Kinase; P-gp=P- glycoprotein; Phe= Phenylalanine; Pro= Proline; RMSD= Root Mean
Square Deviation; RMSF= Root Mean Square Fluctuation; Ser= Serine; SDF= 3D structure-data files; TPSA= Tissue
Polypeptide Specific Antigen; TPSA= Topological polar surface area; Thr= Threonine; Trp= Tryptophan; Tyr=
Tyrosine; Val= Valine
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