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Abstract: The application of supplementary herbal medicines has lately
expanded in an effort to discover viable alternative therapies that lessen the side
effects of chemical pharmaceuticals. Oxyspora paniculata is a rich source of
phytochemicals with pharmacological action; therefore, it may have health
advantages. This current research was performed to analyze the in silico
evaluation of phytoconstituents present in Oxyspora paniculata for
neuropharmacological, antidiarrheal, and thrombolytic activity. In silico activity
of the isolated constituents for antioxidant activity was carried out by PyRx
AutoDock Vina, and the protein-ligand interactions were examined using
BIOVIA Discovery Studio Visualizer. ADME analysis was performed utilizing
the SwissADME free online web server, and a toxicology study was done using
the admetSAR online server. In the computational approach, among all the
proteins, a docking score was found ranging from —4.6 to —10.3 kcal/mol.
Besides, all the compounds were found safe in the ADME/T study. The
absorption, distribution, metabolism, excretion/toxicity evaluation of
phytoconstituents assures that they have obeyed Lipinski’s guideline of five,
suggesting their safe consumption. The results of our scientific research validate
the suitability of this plant as an alternative source of novel therapeutics. It was
determined that Oxyspora paniculata contained active phytochemicals, which
might provide a variety of pharmacological uses as a hidden source of substances
with significant medicinal value. This needs more investigation in order to
identify secondary metabolites that can be used to treat various illnesses.

Keywords: Antidiarrheal, antidepressant, thrombolytic, SwissADME, molecular

docking, PyRx Autodock Vina.

1. Introduction

Medicinal plants offer promising chemicals for medicinal and pharmacological applications [1].

According to estimates from the World Health Organization (WHO), up to 80% of people in underdeveloped
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nations still get their primary medical treatment from locally grown medicinal herbs [2]. Plants are the source
of around 25% of prescription medications and 11% of drugs classified as essential by the World Health
Organization. Additionally, a significant portion of synthetic pharmaceuticals are generated from plant
precursor molecules. The primary arguments in favor of traditional medicine over contemporary therapy are
its accessibility, effectiveness, and low cost [3].

There are two distinct words for two different mental illnesses: anxiety and depression. That being said,
they may both happen simultaneously. There is a complex relationship between these two conditions [4].
People with anxiety disorders often develop depression [5]. The sensation of being threatened never goes away
for those who suffer from anxiety [6]. Furthermore, the World Health Organization lists depressive disorders
as a major contributor to nonfatal illnesses globally [7]. Regular experience of anxiety may lead to its
classification as a psychiatric condition. Anxiety is a natural emotional state. The presence of anxiety in
conjunction with depression leads to a variety of symptoms, such as a decrease in response to treatment or

medicine, a drop in the actual prognosis, and an elevated risk of suicide [8].

One of the most common infectious disorders among children in third-world nations is diarrhea, which
is brought on by abnormalities in the intestine's secretion and absorption, increasing the volume of excrement
produced [9]. According to the World Health Organization (WHO), Bangladesh has a high prevalence of
diarrhea in children, with 17% of children under the age of five hospitalized in pediatric wards [10]. Diarrhea
can be acute or chronic, with the former caused by epidemiological factors, including travel. Chronic diarrhea
lasts for more than four weeks [11, 12]. Infections with bacteria, viruses, and parasites are the causes of
diarrhea. Noroviruses and rotaviruses are two examples of viruses that can cause viral illnesses. The primary
bacterial causes of diarrhea include species like Salmonella typhi, Helicobacter pylori, Clostridium difficile,
and Escherichia coli; parasitic diseases are caused by Entamoeba histolytica and Giardia intestinalis [13].
Diarrhea is a significant issue in underdeveloped nations, despite progress in health services and economic

prosperity.

Generally speaking, thrombosis is the term for localized blood clotting that can happen in the venous or
arterial circulation and has serious medical consequences. Acute arterial clotting is the primary risk factor for
myocardial infarction (heart attack), and 80 percent of strokes occur in the majority of affluent nations [14].
If treatment for this condition is delayed, it will finally result in death. Thrombosis is often brought on by a
platelet abnormality or blood coagulation protein, which obstructs the circulatory vessel and prevents the body's
normal blood flow. Nevertheless, in addition to heart attacks and strokes, thrombosis can result in cardiac
impairment, bleeding ulcers, blindness, and a few other symptoms [15]. Antithrombotic medicines are used to
treat thrombosis by targeting particular proteins in the human body's coagulation cascade. The administration
of these medications causes the drug molecule to connect with a target protein, thus promoting clot breakup.
There are several antithrombotic medications on the market that are effective in treating thrombosis in people
with cardiovascular problems. However, several of the existing medications have been accused of causing

severe bleeding after administration [14, 16, 17].
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Molecular docking facilitates the identification, screening, designing, prediction, and synthesis of
chemical compounds, among other processes that lead to the discovery of medicinal medications. Drugs with
significant therapeutic potential can be designed, synthesized, and discovered more effectively with the help of
molecular docking [18]. It is being used in several biological and medical domains, including bioremediation,
protein engineering, medicinal chemistry, and cheminformatics. Using the molecular docking approach, potent
therapeutic molecules, particularly those derived from naturally occurring chemicals, have been predicted to
combat various diseases. Using molecular docking to assess the intricacy of protein-ligand interactions saves
money and time. As a result, the neuropharmacological, antidiarrheal, and thrombolytic effectiveness of
Oxyspora paniculata has been sought through an in silico docking model to determine how they are implicated

in such biological activity.

2 Materials and Methods

2.1 Molecular docking: protein preparation

Human serotonin transporter (PDB ID: 516X) [19], potassium channel enzyme (PDB ID: 4UUJ) [20],
p-opioid receptor (LOR) (PDB ID: 5C1M) [21], and tissue plasminogen activator (PDB ID: 1A5H) [22] have
been derived from RCSB Protein Data Bank (https://www.rcsb.org/structure) in PDB format for the
antidepressant, anxiolytic, antidiarrheal, and thrombolytic studies, respectively. All of the water and
heteroatoms have been removed from proteins using BIOVIA Discovery Studio 2020. Additionally, using
SWISS PDB Viewer, all proteins were reduced to the lowest possible energy level in preparation for additional

analysis [23].

2.2 Molecular docking: ligand preparation

Eight chemical components of Oxyspora paniculata were simultaneously determined in a previous study
using the HPLC technique [24]. The structures of eight compounds of Oxyspora paniculata, namely gallic acid
(PubChem CID: 370), dihydromyricetin (PubChem CID: 161557), protocatechuic acid (PubChem CID: 72),
rutin (PubChem CID: 5280805), myricitrin (PubChem CID: 5281673), oleanolic acid (PubChem CID: 10494),
quercetin (PubChem CID: 5280343), and kaempferol (PubChem CID: 5280863), were retrieved from the
PubChem database (https://pubchem.ncbi.nlm.nih.gov/). Besides, diazepam (PubChem CID: 3016),
loperamide (PubChem CID: 3955), and streptokinase (PubChem CID: 9815560) have been studied to compare
and contrast the docking of the compounds of Oxyspora paniculata. The ligands have been downloaded in 3D
SDF format and minimized by the PyRx tool to find the best possible hit for these targets. The virtual screening

software PyRx from MGLTools (https://sourceforge.net/projects/pyrx/) has been kept in default format [25].

2.3 Molecular docking: docking analysis
PyRx AutoDock Vina was used to dock the chosen protein-ligand complexes [25]. The docking study

was carried out using a semi-flexible docking system. PDB files containing phytochemicals and proteins were
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reduced and then converted to PDBQT format using the PyRx AutoDock Vina program. This analysis kept the
protein stiff and the ligand flexible. The ligand molecules have been granted ten degrees of freedom. AutoDock
describes measures for automatically transforming molecules into PDBQT-format molecules, such as box type
and grid box construction. The grid box was designed with an active location in its middle. In addition, BIOVIA

Discovery Studio Visualizer 2020 [26] was expedited to find the optimal docking places.

2.4 Pharmacokinetics and toxicity measurement

The pharmacokinetic properties of the substances were investigated using the SwissADME online
method (ADME). Compounds having desirable drug-like properties are evaluated using Lipinski's five criteria
(molecular weight < 500 daltons, H-bond donors < 5, H-bond acceptors < 10, molar refractivity between 40
and 130, and lipophilicity<5) [27]. Furthermore, the online application admetSAR

(http://Immd.ecust.edu.cn/admetsar2) was utilized to compute the toxicological properties of every material.

3. Results
3.1 Molecular docking analysis for antidepressant and anxiolytic study

The docking analysis results for antidepressant and anxiolytic activity are presented in Table 3 and
Figure 1. In this investigation, two receptors namely human serotonin transporter (PDB ID: 516X) and
potassium channel (PDB ID: 4UUJ) have been used to screen antidepressant and anxiolytic docking analysis,
respectively. In the case of the human serotonin transporter (PDB ID: 516X), the ranking of the docking score
is as follows: rutin > diazepam> quercetin > dihydromyricetin > oleanolic acid > myricitrin >  kaempferol >
gallic acid > protocatechuic acid. On the contrary, the docking of the selected compounds against the potassium
channel (PDB ID: 4UUJ) is as follows: oleanolic acid > diazepam >myricitrin > quercetin > rutin >
dihydromyricetin > kaempferol > protocatechuic acid > gallic acid. Amino acid residues namely gly338, tyr95,
phe341, val501 and ile172 established the interaction between rutin and 516X. Furthermore, oleanolic acid
binds to the enzymatic pocket of 4UUJ receptor by means of phe103 and val106 residues with a docking score

of (-7.2) kcal/mol.

3.2 Molecular docking analysis for the antidiarrheal study

The docking analysis of antidiarrheal activity has been illustrated in Table 3 and Figure 1. In this
investigation, p-opioid receptor (LOR) (PDB ID: 5C1M) was used to quest of binding interaction with the
selected compounds of Oxyspora paniculata. Oleanolic acid explores best binding affinity with the p-opioid
receptor (LOR) (5C1M) proteins which interact with the amino acid residues namely asn109, leul 16, tyr149,
ile146, met203, trp152 and leul12. The ranking of the docking score is as follows: loperamide > oleanolic acid

> dihydromyricetin > kaempferol > quercetin > rutin > myricitrin > gallic acid > protocatechuic acid.
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3.3 Molecular docking analysis for thrombolytic study

The docking analysis results for the thrombolytic activity have been presented in Table 3 and Figure 2.
In case of tissue plasminogen activator (PDB ID: 1A5H), the highest score has been obtained —8.9 kcal/mol
for myricitrin. The ranking of the docking score is as follows: myricitrin > oleanolic acid > quercetin > rutin >
dihydromyricetin > kaempferol > streptokinase > gallic acid > protocatechuic acid. Myricitrin interacts with
the protein (LA5H) through a series of amino acid residues (tyr99, tyrl51, leudl, gly219, gly216) of
conventional hydrogen and van der Waals as well as cys191, trp215, and gIn192 of amide-Pi stacked and carbon

hydrogen bond.

3.4 Pharmacokinetics and toxicity measurement

The study shows that all the compounds agree with Lipinski's rules and claim that these compounds are
orally bioavailable. In order to predict the toxicological properties of the eight compounds, the online
admetSAR (http://lmmd.ecust.edu.cn/admetsarl) server is also used. The analysis showed that the selected
compounds are non-Ames toxic and noncarcinogenic (Table 1). The investigation also revealed the Gl

absorption (GA) and blood-brain barrier (BBB) of eight phytoconstituents in Oxyspora paniculata (Table 2).

Table 1: Absorption, digestion, metabolism, excretion, and toxicological analysis of phytoconstituents in

Oxyspora Paniculata

Ligands Molecular MW(g/mol) HBD HBA LogP AMT CAR Lipinski

formula (o/w) violation
Gallic acid C/HsOs  170.12 g/mol 4 5 0.21 No No 0
Dihydromyricetin CisH120s  320.25 g/mol 6 8 0.9 No No 1
Protocatechuic acid C/HsOs  154.12 g/mol 3 4 0.66 No No 0
Rutin C27H30016  610.52 g/mol 10 16 1.58 No No 3
Myricitrin C21H20012  464.38 g/mol 8 12 0.92 No No 2
Oleanolic acid CsoHss03  456.70 g/mol 2 3 3.89 No No 1
Quercetin CisH1007  302.24 g/mol 5 7 1.63 No No 0
Kaempferol CisH100s  286.24 g/mol 4 6 1.7 No No 0

Note: PID = PubChem ID, MW = molecular weight (acceptance range: <500), HBD = hydrogen- bond donor
(acceptance range: <5), HBA = hydrogen-bond acceptor: (acceptance range: <10), LogP = high lipophilicity
(acceptance range: <5), AMT, AMES toxicity; CAR = carcinogens
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Table 2: Gl absorption (GA) and Blood brain Barrier (BBB) of phytoconstituents in Oxyspora Paniculata.

Ligands PubChem Canonical SMILES GA BBB
ID permeant
Gallic acid 370 C1=C(C=C(C(=C10)0)0O)C(=0)O High No
Dihydromyricetin 161557  C1=C(C=C(C(=C10)0)0)C2C(C(=0)C3=C(C=C Low No

(C=C302)0)0)0

Protocatechuic 72 C1=CC(=C(C=C1C(=0)0)0)0O High No
acid
Rutin 5280805  Oclcc(O)c2c(cl)oc(c(c2=0)OC10C(COC20C(C) Low No
C(C(C20)0)0)C(C(C10)0)O)clcee(c(cl)0)0
Myricitrin 5281673  Oclcc(O)c2c(cl)oc(c(c2=0)OC1OC(C)C(C(C10) Low No

0)0)clce(0)e(c(c1)0)O

Oleanolic acid 10494 OC1CCC2(C(C1(C)Cc)ceer(cece=ceci(e)ece Low No
Cl(C2CC(C)(C)CCL)Cc(=0)0)C)C

Quercetin 5280343 Oclcc(0O)c2c(cl)oc(c(c2=0)0)clcec(c(c1)0)O High No

Kaempferol 5280863 Oclcec(ccl)cloc2ec(O)ec(c2c(=0)c10)0 High No

Table 3: Docking scores of the selected ligands with the human serotonin transporter (PDB 1D: 516X), potassium
channel (PDB ID: 4UUJ), p-opioid receptor (LOR) (PDB ID: 5C1M), and tissue plasminogen activator (PDB ID:
1A5H).

Ligands Antidepressant ~ Anxiolytic ~ Antidiarrheal =~ Thrombolytic
(516X) (4UUY) (5C1M) (LA5H)

Gallic acid -6 -4.6 -5.3 -6.4
Dihydromyricetin -8.9 -5.7 -1.5 -8.1
Protocatechuic acid -6 -4.7 -5.1 -6.2
Rutin -10.3 -5.8 -6.6 -8.2
Myricitrin -8.5 -6.3 -6.2 -8.9
Oleanolic acid -8.7 -7.2 -7.7 -8.7
Quercetin -9 -5.9 -6.9 -8.2
Kaempferol -8 -5.6 -7 -1.4
Standard (Diazepam/Streptokinase/ -9.1 -7 -8 -6.5

Loperamide)

Note: The most significant values of docking scores have been marked in bold letter.
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Figure 2: 3D and 2D presentations of the best ligand-receptor interactions (a, b, c, d, e, f, g, and h represent

516X-rutin, 4UUJ-oleanolic acid, 5C1M-oleanolic acid, and LA5H-myricitrin interactions, respectively).
4. Discussion

Even if there are several therapy options for depression, anxiety, diarrhea, and coronary artery disease, it
is still unclear how to completely relieve the symptoms of the condition without causing adverse consequences.
As a result, these medications' poor pharmacokinetics and adverse effects limit their therapeutic use. Because of
this, the need for new medications is growing, and concerns about the safety, effectiveness, duration of action,
and side effects of existing medications have become crucial [28]. Herbal therapy has emerged as a potentially
effective treatment for many ailments because of the variety of neurological targets it targets [29]. However,
Oxyspora paniculata, a prominent ethnomedicinal plant with a wide range of therapeutic uses, was used in this
investigation. The current research demonstrated that the neuropharmacological, antidiarrheal, and thrombolytic
efficiency of Oxyspora paniculata was explored by an in silico docking model to establish whether they have
been connected to such biological activity.

Molecular docking studies are commonly used to forecast ligand-target interactions and deepen our
understanding of the bioactivities of natural products. It also provides more information on potential binding
processes inside the protein binding pockets [30]. To understand the consequences of this result, biological
investigations were described and validated using molecular docking research. Eight common
Oxyspora paniculata compounds were chosen for the docking research in order to conduct a more in-depth
analysis of their biological properties (antidepressant, anxiolytic, anti-diarrheal, and thrombolytic). The
compounds were docked against four targets: human serotonin transporter (PDB ID: 516X), potassium channel
(PDB ID: 4UUJ), p-opioid receptor (PDB ID: 5C1M), and tissue plasminogen activator (PDB ID: 1A5H) for
antidepressant, anxiolytic, antidiarrheal, and thrombolytic studies, respectively. Human serotonin transporters
(PDB ID: 516X) interact with ligands through several linkages, resulting in docking values ranging from
-6 to -10.3 kcal/mol. These findings suggest that these phytoconstituents play a significant role in antidepressant
activity via their interactions with target proteins. To analyze the anxiolytic docking investigation, the chosen
phytoconstituents were docked with the potassium channel (PDB ID: 4UUJ). The docking score ranged from
-4.6 to -7.2 kcal/mol. The docking score for the antidiarrheal trial ranged from -5.1 to -7.7 kcal/mol. In the
thrombolytics docking study, myricitrin, oleanolic acid, quercetin, and dihydromyricetin all had a significant
docking score against plasminogen tissue activator (PDB ID: 1A5H), with myricitrin having the highest score.
This study reveals that Oxyspora paniculata's thrombolytic effect may be attributed to its bioactive components
(myricitrin, oleanolic acid, quercetin, dihydromyricetin, and rutin).
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The pharmacokinetics and toxicological characteristics of the drugs have been verified in relation to the
results of molecular docking investigations against the human serotonin transport, potassium channel, p-opioid
receptor, and tissue plasminogen activator. Every compound complied with Lipinski's guidelines for
drug-likeliness. As a result, these analyses of the compounds that have been found are very helpful in the
development of a novel pharmaceutical agent [27, 28, 29, 30, 31].

The results imply that the compounds are safe for oral use and satisfy Lipinski's criteria, which suggest that
they may serve as useful medication candidates (Table 1). Additionally, as medication safety is a crucial
component of what makes a successful medical product, we evaluated the toxicological parameters of the
assigned plant components using the admetSAR online tool [32]. As a result, the thorough investigation produced
important information on the chosen chemicals. The combined orientation of several phytochemicals, including
established and unreported phytochemicals, may become a contributing factor in the outcomes.

5. Future implication and limitations of study

Our findings have interesting implications for future tabble and clinical studies, potentially leading to the
development of new treatment drugs and combination therapies for neurological disorders, diarrhea, and
thrombosis. However, the study's in-silico nature restricts its immediate usefulness, as the effectiveness and safety
of the compounds must be verified in experimental and clinical trials. Further study might include in vitro and
in vivo studies to establish the physiological consequences of these findings.

6. Conclusion

The biological results of this scientific study indicate that Oxyspora paniculata can be a significant source
of antidepressant, anxiolytic, antidiarrheal, and clot-lytic medicines. Furthermore, the molecular docking analysis
of the bioactive phytoconstituents revealed promising binding affinity to certain proteins, and the ADMET
research demonstrated their drug-like properties. Thus, the computational investigation validated the
experimental results of biological activities and gave a potential insight into contemplating Oxyspora paniculata
as a significant therapeutic candidate. Additional research is also encouraged, as structural modifications to these
compounds may result in a higher docking score and greater medicinal relevance.

Conflict of interest: The authors affirm that they have no competing interests.

Funding information: For this study, the authors received no specific grant or financial assistance from any
public, commercial, or non-profit funding bodies.

Data availability statement: The article contains all the information that was utilized to support the study's
findings.

References
1. Ghalloo, B.A.; Khan, K.-u.-R.; Ahmad, S.; Aati, H.Y.; Al-Qahtani, J.H.; Ali, B.; Mukhtar, I.; Hussain, M.;

Shahzad, M.N.; Ahmed, I. Phytochemical Profiling, In Vitro Biological Activities, and In Silico Molecular
Docking Studies of Dracaena reflexa. Molecules 2022, 27, 913. https://doi.org/10.3390/molecules27030913

2. Tabassum, S.; Ahmad, S.; Khan, K. U. R.; Tabassum, F.; Khursheed, A.; Zaman, Q. U.; Bukhari, N. A;;
Alfagham, A.; Hatamleh, A. A.; Chen, Y. Phytochemical Profiling, Antioxidant, Anti-Inflammatory,
Thrombolytic, Hemolytic Activity In Vitro and In Silico Potential of Portulacaria afra. Molecules 2022, 27(8),
2377. https://doi.org/10.3390/molecules27082377

3. Kabir, M. A.; Hussain, M. A.; Ahmad, Z. Candida albicans: A Model Organism for Studying Fungal Pathogens.


https://doi.org/10.3390/molecules27030913
https://doi.org/10.3390/molecules27082377

Journal of Biosciences and Experimental Pharmacology 2024, 2(2), 60-70 68

ISRN Microbiol. 2012, 2012, 538694. https://doi.org/10.5402/2012/538694

4. Foysal, M. S.; Hossain, M. R.; Hossain, M. S.; Sayeed, M. A,; Ibban, S. S. Investigation of Phytochemical
Constituents, Antioxidant Potential, In Vivo Antidiarrheal, and Neuropharmacological Activities of Oxyspora

Paniculata Leaves. Asian J. Res. Bot. 2024, 7, 68-83. https://journalajrib.com/index.php/AJRIB/article/view/209

5. Clarke, D. M.; Kissane, D. W. Demoralization: its phenomenology and importance. Aust N Z J Psychiatry.
2002, 36(6), 733-742. https://doi.org/10.1046/j.1440-1614.2002.01086.x

6. Bystritsky, A.; Khalsa, S. S.; Cameron, M. E.; Schiffman, J. Current diagnosis and treatment of anxiety
disorders. P T. 2013, 38(1), 30-57.

7. Depression W. Other common mental disorders: Global health estimates. Geneva: World Health Organization.

2017;24.

8. Kara, S.; Yazici, K. M.; Glileg, C.; Unsal, I. Mixed anxiety-depressive disorder and major depressive disorder:
comparison of the severity of illness and biological variables. Psychiatry Res. 2000, 94(1), 59-66.
https://doi.org/10.1016/s0165-1781(00)00131-1

9. Aratjo, T.S.L.; de Oliveira, T.M.; de Sousa, N.A.; Souza, L.K.M.; Sousa, F.B.M.; de Oliveira, A.P.; Nicolau,
L.A.D.; da Silva, A.A.V.; Aradjo, A.R.; Magalhdes, P.J.C.; et al. Biopolymer Extracted from Anadenanthera
colubrina (Red Angico Gum) Exerts Therapeutic Potential in Mice: Antidiarrheal Activity and Safety
Assessment. Pharmaceuticals 2020, 13, 17. https://doi.org/10.3390/ph13010017

10. Uddin, M. M. N.; Zahan, S.; Islam, A.; Ahmed, S.; Mowla, T. E.; Rahman, M. S.; Emran, T. B. Evaluation
of the anti-diarrheal activity of methanol extract and its fractions of Urena sinuata L. (Borss) leaves. J App Pharm
Sci. 2016, 6 (12), 056-060.

https://doi.org/10.7324/JAPS.2016.601208

11. Pawlowski, S. W.; Warren, C. A.; Guerrant, R. Diagnosis and treatment of acute or persistent diarrhea.

Gastroenterology 2009, 136(6), 1874-1886. https://doi.org/10.1053/j.gastro.2009.02.072

12. Perveen, I.; Hasan, M.; Masud, M. A.; Bhuiyan, M. M.; Rahman, M. M. Irritable bowel syndrome in a
Bangladeshi urban community: prevalence and health care seeking pattern. Saudi J Gastroenterol. 2009, 15(4),

239-243. https://doi.org/10.4103/1319-3767.56099

13. Alhumaydhi, F. A.; Rauf, A.; Rashid, U.; Bawazeer, S.; Khan, K.; Mubarak, M. S.; Aljohani, A. S. M.; Khan,
H.; El-Saber Batiha, G.; EI-Esawi, M. A.; Mishra, A. P. In Vivo and In Silico Studies of Flavonoids Isolated from
Pistacia integerrima as Potential Antidiarrheal Agents. ACS Omega. 2021, 6(24), 15617-15624.
https://doi.org/10.1021/acsomega.1c00298



https://doi.org/10.5402/2012/538694
https://journalajrib.com/index.php/AJRIB/article/view/209
https://doi.org/10.1046/j.1440-1614.2002.01086.x
https://doi.org/10.1016/s0165-1781(00)00131-1
https://doi.org/10.3390/ph13010017
https://dx.doi.org/10.7324/JAPS.2016.601208
https://doi.org/10.1053/j.gastro.2009.02.072
https://doi.org/10.4103/1319-3767.56099
https://doi.org/10.1021/acsomega.1c00298

Journal of Biosciences and Experimental Pharmacology 2024, 2(2), 60-70 69

14. Mackman, N. Triggers, targets and treatments for thrombosis. Nature 2008, 451(7181), 914-918.
https://doi.org/10.1038/nature06797

15. Raskab, G. E.; Angchaisuksiri, P.; Blanco, A. N.; Buller, H.; Gallus, A.; Hunt, B. J.; Hylek, E. M.; Kakkar,
A.; Konstantinides, S. V.; McCumber, M.; Ozaki, Y.; Wendelboe, A.; Weitz, J. I.; ISTH Steering Committee for
World Thrombosis Day. Thrombosis: a major contributor to global disease burden. Arterioscler Thromb Vasc

Biol. 2014, 34(11), 2363-2371. https://doi.org/10.1161/ATVBAHA.114.304488

16. Bick, R. L.; Kaplan, H. Syndromes of thrombosis and hypercoagulability. Congenital and acquired causes of

thrombosis. Med Clin North Am. 1998, 82(3), 409-458. https://doi.org/10.1016/s0025-7125(05)70004-3

17. Daley, M. J.; Murthy, M. S.; Peterson, E. J. Bleeding risk with systemic thrombolytic therapy for pulmonary
embolism: scope of  the problem. Ther  Adv Drug Saf. 2015, 6(2), 57-66.
https://doi.org/10.1177/2042098615572333

18. Peeriga, R.; Adarapu, K. P.; Kurama, A.; Mohammed, N.; Atmakuri, L. R.; Kumar, D. In silico Investigation
on Phytoconstituents in Pamburus missionis S. for Antioxidant Activity. Pharmacogn Res. 2022, 14(3), 246.

https://doi.org/ 10.5530/pres.14.3.35

19. Coleman, J.; Green, E.; Gouaux, E. X-ray structures and mechanism of the human serotonin transporter.

Nature 2016, 532(7599), 334-339. https://doi.org/10.1038/nature17629

20. Lenaeus, M. J.; Burdette, D.; Wagner, T.; Focia, P. J.; Gross, A. Structures of KcsA in complex with
symmetrical quaternary ammonium compounds reveal a hydrophobic binding site. Biochemistry. 2014, 53(32),

5365-5373. https://doi.org/10.1021/bi500525s

21. Huang, W.; Manglik, A.; Venkatakrishnan, A. J.; Laeremans, T.; Feinberg, E. N.; Sanborn, A. L.; Kato, H.
E.; Livingston, K. E.; Thorsen, T. S.; Kling, R. C.; Granier, S.; Gmeiner, P.; Husbands, S. M.; Traynor, J. R.;
Weis, W. |.; Steyaert, J.; Dror, R. O.; Kobilka, B. K. Structural insights into j1-opioid receptor activation. Nature.
2015, 524(7565), 315-321. https://doi.org/10.1038/nature14886

22. Renatus, M.; Bode, W.; Huber, R.; Sturzebecher, J.; Prasa, D.; Fischer, S.; Kohnert, U.; Stubbs, M. T.
Structural mapping of the active site specificity determinants of human tissue-type plasminogen activator.
Implications for the design of low molecular weight substrates and inhibitors. J Biol Chem. 1997, 272(35), 21713-
21719. https://doi.org/10.1074/jbc.272.35.21713

23. Guex, N.; Peitsch, M. C. SWISS-MODEL and the Swiss-PdbViewer: an environment for comparative protein
modeling. Electrophoresis. 1997, 18(15), 2714-2723. https://doi.org/10.1002/elps.1150181505

24, WENL T, WEEME, et al. RO R €A 1 v [R] I U L 20 8 AR bRk Sy B &, Journal of Southern


https://doi.org/10.1038/nature06797
https://doi.org/10.1038/nature06797
https://doi.org/10.1161/ATVBAHA.114.304488
https://doi.org/10.1016/s0025-7125(05)70004-3
https://doi.org/10.1177/2042098615572333
https://doi.org/%2010.5530/pres.14.3.35
https://doi.org/10.1038/nature17629
https://doi.org/10.1021/bi500525s 
https://doi.org/10.1038/nature14886
https://doi.org/10.1074/jbc.272.35.21713
https://doi.org/10.1002/elps.1150181505

Journal of Biosciences and Experimental Pharmacology 2024, 2(2), 60-70 70

Agriculture. 2016;47.

25. Herowati, R.; Widodo, G. P. Molecular docking studies of chemical constituents of tinospora cordifolia on
glycogen phosphorylase. Procedia Chem. 2014, 13, 63-8. https://doi.org/10.1016/J.PROCHE.2014.12.007

26. Kemmish, H.; Fasnacht, M.; Yan, L. Fully automated antibody structure prediction using BIOVIA tools:
Validation study. PLoS One. 2017, 12(5), e0177923. https://doi.org/10.1371/journal.pone.0177923

27. Lipinski, C. A.; Lombardo, F.; Dominy, B. W.; Feeney, P. J. Experimental and computational approaches to
estimate solubility and permeability in drug discovery and development settings. Adv Drug Deliv Rev. 2001, 46(1-
3), 3-26. https://doi.org/10.1016/s0169-409x(00)00129-0

28. Emon, N. U.; Alam, S.; Rudra, S.; Riya, S. R.; Paul, A.; Hossen, S. M. M.; Kulsum, U.; Ganguly, A.
Antidepressant, anxiolytic, antipyretic, and thrombolytic profiling of methanol extract of the aerial part of Piper
nigrum: In vivo, in vitro, and in silico approaches. Food Sci Nutr. 2021, 9(2), 833-846.
https://doi.org/10.1002/fsn3.2047

29. Fajemiroye, J. O.; da Silva, D. M.; de Oliveira, D. R.; Costa, E. A. Treatment of anxiety and depression:
medicinal plants in retrospect. Fundam Clin Pharmacol. 2016, 30(3), 198-215.
https://doi.org/10.1111/fcp.12186

30. Khan, S.; Nazir, M.; Raiz, N.; Saleem, M.; Zengin, G.; Fazal, G.; Saleem, H.; Mukhtar, M.; Tousif, M. I.;
Tareen, R. B.; Abdallah, H. H.; Mahomoodally, F. M. Phytochemical Profiling, in vitro Biological Properties and
in Silico Studies on Caragana ambigua Stocks (Fabaceae): A Comprehensive Approach. Ind. Crops Prod. 2019,

131, 117-124. https://doi.org/10.1016/j.indcrop.2019.01.044

31. Zhang, M. Q.; Wilkinson, B. Drug discovery beyond the 'rule-of-five'. Curr Opin Biotechnol. 2007, 18(6),
478-488. https://doi.org/10.1016/j.copbio.2007.10.005

32. Cheng, F.; Li, W.; Zhou, Y.; Shen, J.; Wu, Z.; Liu, G.; Lee, P. W.; Tang, Y. admetSAR: a comprehensive
source and free tool for assessment of chemical ADMET properties. J Chem Inf Model. 2012, 52(11), 3099-3105.
https://doi.org/10.1021/ci300367a



https://doi.org/10.1016/J.PROCHE.2014.12.007
https://doi.org/10.1371/journal.pone.0177923
https://doi.org/10.1016/s0169-409x(00)00129-0
https://doi.org/10.1002/fsn3.2047
https://doi.org/10.1111/fcp.12186 
https://doi.org/10.1016/j.indcrop.2019.01.044
https://doi.org/10.1016/j.copbio.2007.10.005
https://doi.org/10.1021/ci300367a 

