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ABSTRACT 

 

Introduction: Pulmonary hypertension (PH) is a progressive, life-threatening disease 

characterized by vascular remodeling, constriction, and thrombosis, primarily driven 

by excessive proliferation of pulmonary arterial smooth muscle cells (PASMCs). 

Hypoxia is a key trigger in PH pathogenesis. The Wnt/β-catenin signaling pathway, 

critical for cell fate, migration, and organogenesis, plays a pivotal role in PH, with β-

catenin mediating transcriptional activation of target genes upon Wnt ligand 

stimulation. 

 

Targeting Wnt/β-catenin signaling represents a promising therapeutic strategy for PH. 

This study examines its role in hypoxia-exposed PASMCs and evaluates the 

therapeutic potential of gallic acid and β-sitosterol through in-silico and in-vitro 

approaches. 

 

Objective: To study the role of isolated biomolecules from Mucuna pruriens gallic 

acid and β-sitosterol on Wnt/ β-catenin mRNA expression in the human pulmonary 

artery smooth muscle cells exposed to hypoxia.  

 

Method: The current study used a computational method based on the ligand-protein 

interaction technique to determine the therapeutic potential of gallic acid and β-

sitosterol with the Wnt/ β catenin pathway. The same compounds are used to 

investigate. The Invitro study explored the role of gallic acid and β-sitosterol in 

hypoxia-exposed PASMC lines. 

 

Result and Discussion: The current study identified different pharmacological 

properties of gallic acid and β-sitosterol bioactive molecules to analyze the in silico 



 Page 21 

 

ADME/T properties. All were within Lipinski’s rule acceptable range, and molecular 

docking analysis showed that β-sitosterol has more interaction sites with Wnt5a.  

The Invitro study revealed that when HPASMC is exposed to hypoxia, there is 

downregulation of the Wnt5a gene and upregulation of the β-catenin gene. β-sitosterol 

and gallic acid can be attributed to inhibiting the β-catenin pathway via the 

downregulation of β-catenin gene expression. 

 

Conclusion: The present study focused on in-silico phytochemical analysis and in 

vitro investigations to evaluate the potential therapeutic role of isolated biomolecules 

from Mucuna pruriens seed extract β-sitosterol and gallic acid in hypoxia-exposed 

pulmonary artery smooth muscle cells (HPASMCs). These findings suggest that 

Mucuna pruriens, or its bioactive molecule gallic acid and β-sitosterol, may exert 

protective effects against hypoxia-induced vascular remodeling by targeting the 

Wnt/β-catenin signaling pathway. 

 

 

KEYWORDS 

 

Wnt/ β catenin pathway, bioactive molecule, In silico methods, β-sitosterol, Gallic 

acid, Invitro study 
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1.1 Introduction 

 

Oxygen (O2) is involved in many living organisms’ everyday functioning and 

survival. It is used in the aerobic respiration process, being the last electron acceptor 

in the mitochondrial electron transport chain. This process produces ATP, which is 

the primary energy currency of the cells. Oxygen levels are well controlled but can 

significantly change with environmental changes, normal physiological processes, or 

disease. Hypoxia is a state of oxygen deficiency when the available oxygen is 

insufficient to fulfill cellular requirements. This condition is a significant component 

of many pathological conditions, such as chronic obstructive pulmonary disease, 

ischemic heart disease, and solid tumours (Bae, T., Hallis, et., al 2024). 

 

Pulmonary Hypertension (PH) is a life-threatening progressive disease for 

which hypoxia is one of the triggers. The typical pathological changes underlying the 

induction of pulmonary hypertension (PH) are pulmonary vascular constriction, 

pulmonary vascular remodeling, and thrombosis in situ. The abnormal proliferation of 

pulmonary arterial smooth muscle is also the most prominent characteristic of PH, 

which contributes to the development and progression of pulmonary hypertension by 

narrowing or blocking the arteries. The newest advances in molecular medicine are 

focused on explaining the signaling pathways and molecular mechanisms involved in 

an organism’s development to aid in preventing and treating diseases. The Wnt 

signaling pathway is one of the most advanced signaling pathways under the research 

focus in this concern. According to the research of (Jung, Oark et al. 2020), the 

Wnt/β-catenin signaling pathway is a multipurpose signaling pathway that determines 

the fate of cells, the migration of the cells and their polarity, and organogenesis during 

embryonic development. Different substrates and roles are associated with the Wnt-

secreted glycoproteins. 
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There are many ways through which Wnts can initiate cellular responses. The 

response mechanisms are: 1) the canonical beta-catenin-dependent pathway, 2) the 

noncanonical planar cell polarity pathway, and 3) the PKC/calmodulin-dependent 

kinase signaling and nuclear factor of activated T cell signaling pathway. In the 

classic way Wnt signaling works, Wnt proteins bind to the cell surface receptors, and 

β-catenin is secured to the cell’s nucleus to interact with target genes and activate 

them (Liu et al., 2022).  

 

The proliferation of the pulmonary artery smooth muscle cell (PASMC), a 

crucial feature of PH, is influenced by Wnt/β-catenin signaling; the current treatments 

for pulmonary hypertension mainly target the contractility of the pulmonary artery 

smooth muscle cell (PASMC). The side effects of most of the currently used modern 

medicine for cardiovascular disorders are well known; thus, there is a need to look for 

new therapies with minimal or no side effects at all. Phytochemicals, also natural 

biomolecules, have recently been recommended for managing different 

cardiovascular diseases. It has been reported that Mucuna pruriens has various 

pharmacological properties, including analgesic, anti-inflammatory, anti-neoplastic, 

anti-epileptic, and antimicrobial properties. It is the most widely used plant in Indian 

medicine. 

 

A medicinal plant indigenous to tropical regions of Africa and Asia, Mucuna 

pruriens, commonly called velvet bean (Lampariello et al., 2012), was the subject of 

the current investigation. This plant contains flavonoids and alkaloids, which are 

biomolecules with immune-stimulating, anti-inflammatory, and antioxidant properties 

(Rane et al.,2019) (Parvatikar et al., 2023). Ayurveda uses it for immune system 

strength and fertility. The pharmaceutical markets in India and other countries are 
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very interested in its medicinal applications. Adapting to warm, humid climes, it 

grows as a weed in waste areas and agricultural fields in Tamil Nadu, Kerala and 

Karnataka. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1.1.1 Mucuna pruriens, DC From Garden of BLDE Association’s of AVS 

Ayurveda Maha Vidyalaya Vijayapura Karnataka 

 

This study aims to find out how Wnt/β-catenin signaling mediates hypoxia-

induced proliferation of human pulmonary artery smooth muscle cells (HPASMCs) 

and the effect of possible physiologically active compounds of Mucuna pruriens 

through both in-silico and in-vitro methodologies. 
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2.1 Hypoxia 

 

Oxygen equilibrium is essential for life (Michiels, C. 2004). The respiratory 

and cardiovascular systems are the two main organs in charge of controlling this 

equilibrium. A breakdown in either of these systems can lead to hypoxemia and its 

potentially disastrous consequences. Numerous factors can contribute to hypoxia or 

the absence of oxygen in the body’s tissues. Most often, a mismatch between 

ventilation and perfusion results in hypoxemia. This happens when the airflow to the 

lungs’ alveoli (ventilation) and the blood flow via the pulmonary capillaries 

(perfusion) are not in sync. Therefore, oxygenated blood is not supplied to the tissues 

even with proper breathing, resulting in hypoxia. 

2.2 Types of Hypoxias 

 

 Depending on the duration of exposure, hypoxia can be acute (Seconds to minutes) or 

chronic (days to years) (Pulgar-Sepulveda et al., 2018) 

 Depending on the pattern of exposure, hypoxia can be sustained or intermitted (Nanduri 

& Nanduri, 2007). 

 

Moderate hypoxia is defined as oxygen concentration in the atmosphere being 8-

12%, lower than the standard 21%. Sustained hypoxia is seen in high-altitude 

climbing and walking and also in patients with chronic obstructive pulmonary disease 

and cystic fibrosis. Hypoxia is the lack of oxygen; intermittent hypoxia is the 

temporary lack of oxygen for short periods. It is a condition when oxygen levels are 

low for a short time. Intermittent hypoxia is a type of hypoxia that occurs in patients 

with obstructive sleep apnea (Ramirez et al., 2012). Many physiological responses 

have been linked to hypoxia regulation, including cell division, apoptosis, and 

inflammation. Hypoxia induces abnormal migration and proliferation in vascular 

smooth muscle cells. The proliferation of VSMCs is a key event in the 
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pathophysiology of several vascular proliferative diseases, including atherosclerosis 

and pulmonary hypertension—hypoxia-induced vascular smooth muscle cell (VSMC) 

proliferation (Lee J. et al.,2019). 

 

2.3 Pulmonary Hypertension (PH) 

 

Pulmonary hypertension is a significant global health issue, especially among 

the elderly, and its prevalence is increasing rapidly, particularly in nations where the 

population is aging. Pulmonary hypertension can affect about 1% of the population, 

according to recent estimates (Mocumbi A. et al., 2024), and it has been estimated 

that the prevalence rate among those 65 and older can reach 10%. Nowadays, lung 

and left-sided cardiac disorders are the leading causes of pulmonary hypertension 

worldwide. In future decades, low-income nations will account for 80% of patients. 

(Hoeper, M. M., et al.2016). 

 

Pulmonary Hypertension (PH) is characterized by the accumulation of 

pressure in the lungs due to the limitation of blood outflow, which can lead to heart 

failure (Galiè, N. et al., 2009). It affects about 7.6 cases per million, with a prevalence 

of 26 cases per million. Despite the recent developments, PH is still one of the 

deadliest diseases with a poor prognosis. About 7.6 cases per million have been 

reported, and the frequency is 26 cases per million. PH remains one of the fatal 

conditions with a terrible prognosis, even with the recent advancements. (Peacock, A. 

J. et al., 2007)  

 

A mean pulmonary arterial pressure of more than 20mm HG at rest, as 

determined by right heart catheterization, is hemodynamically referred to as 

pulmonary hypertension. A minimum of 3 Wood Units (WU) of pulmonary vascular 

resistance further characterizes precapillary pulmonary hypertension associated with 
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pulmonary vascular disease. In contrast, isolated postcapillary pulmonary 

hypertension is defined by a pulmonary vascular resistance of less than 3 WU. The 

increase in mean pulmonary arterial pressure is mainly due to the rise in the left side 

of the heart filling pressures. (Naranjo, M, Hassoun, P et al., 2021). 

 

Pulmonary hypertension can be classified based on the part of the involved 

pulmonary vasculature. The pre-capillary form is defined by increased resistance in 

the pulmonary arterioles, while the post-capillary form is defined by elevated 

pressures in the pulmonary venous system (Saini, A. S, Meredith et al., 2022). At 

times, both the pre-and post-capillary elements of the pulmonary circuit can be 

involved. Pulmonary hypertension is also associated with pathological features of 

vascular remodeling, inflammation, and altered vasomotor control, leading to a 

progressive increase in pulmonary vascular resistance (Wu, K., Zhang, Q., et al. 

2017). 

 

The onset of hypoxia causes thrombosis, pulmonary vascular remodeling, and 

pulmonary hypertension (PH). Initially, the most common symptom is 

vasoconstriction, followed by structural alterations such as artery thickening and 

aberrant cell proliferation. The precise processes behind these alterations in the 

pathophysiology of PH remain unclear (Karnati S. et al., 2021). 

 

Pulmonary hypertension is a common morbidity seen in various interstitial 

lung diseases, including idiopathic pulmonary fibrosis, connective tissue disorders 

and sarcoidosis (Saetta et al., 2001). However, in these patients, acute respiratory 

failure can worsen the condition and contribute to high mortality rates. The 

mechanisms of the development of pulmonary hypertension in this patient population 

are poorly understood. However, factors such as chronic hypoxia, vascular 
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inflammation, and structural changes within the lung parenchyma may play a role in 

its development (Saetta et al., 2001). 

 

Pulmonary hypertension-targeted therapeutic interventions are being 

developed with novel pharmacological agents that target specific pathways in the 

disease pathogenesis. However, a multidisciplinary approach is needed to optimize 

patient outcomes in managing pulmonary hypertension in the presence of underlying 

lung diseases. Thus, a significant clinical challenge remains. 

 

2.4 Histology of pulmonary artery smooth muscle cells (PASMCs) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.4.1 Three layers of Pulmonary artery smooth muscle cells 

 

Source: Fernandez, R. A., Sundivakkam, P., Smith, K. A., Zeifman, A. S., Drennan, 

A. R., & Yuan, J. X. J. (2012). Pathogenic Role of Store‐Operated and 

Receptor‐Operated Ca2+ Channels in Pulmonary Arterial Hypertension. Journal of 

signal transduction, 2012(1). 

 

The pulmonary artery, a key part of the cardiovascular system, delivers a lack 

of oxygenated blood from the heart's right ventricle to the lungs, where gas exchange 

occurs. The smooth muscle cells of the pulmonary artery are crucial for controlling 
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vascular tone and blood flow. Like other arteries, the pulmonary artery has three 

layers, each with its structure and function. The tunica intima is the innermost layer of 

the artery, and it has a single layer of endothelial cells that assist in exchanging graded 

nutrients and other materials. The middle layer is the tunica media, which controls the 

muscle tone and the diameter of the blood vessel (Fernandez, R. A., et al., 2012). 

Because of the ability of these smooth muscle cells to contract and relax, the 

pulmonary artery can change its diameter and control blood flow. The outer layer, 

called tunica adventitia, comprises connective tissue and provides the blood artery 

with structural and nutritive support. The smooth muscle cells of the tunica media are 

arranged perpendicularly to the vessel’s longitudinal axis, which enables blood flow.  

 

Normal and pathological stimuli may enable the smooth muscle cells of a 

pulmonary artery to experience different types of morphological and functional 

transformations. Moreover, smooth muscle cells can relax during exercise or require 

more oxygen. This phenomenon results in the widening of the pulmonary artery, 

allowing pathological changes involving vascular remodeling and resistance to blood 

flow (Vickery, B, Klein et al., 2017), (Zhang R et al., 2011). 

 

Understanding the morphology and histology of the pulmonary arteries, 

especially their smooth muscle cells, is essential to understanding blood flow 

regulation and the possible etiology of several cardiovascular diseases. 

 

2.5 Pathophysiology of Pulmonary Hypertension 

 

Pulmonary hypertension is a complex condition with a wide range of possible 

underlying causes, including heart and lung disorders, blocked blood arteries and 

mysterious or complex processes (Christou, H. et al., 2022). This illness affects more 

than 1% of people worldwide. A strong argument exists for focused research 
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addressing this significant public health issue since it disproportionately impacts 

individuals in low and middle-income nations (Meredith et al., 2022).  

 

The pulmonary hypertension mechanism is poorly understood (Sun, Y., et al., 

2023). A combination of defects in vasomotor control and inflammation in vascular 

remodeling is believed to be the cause. Chronic obstructive pulmonary disease 

influences the development of pulmonary hypertension. 

 

Pulmonary arterial hypertension is an intricate and multi-faceted illness 

characterized by sustained high pressure in the pulmonary arteries; if not managed, it 

can cause right-sided heart failure and death. Many research efforts have attempted to 

reveal its possible root causes and mechanisms, but no clear concept has emerged. 

These pathways are the mechanisms of endothelial dysfunction, alterations in 

signaling pathways, inflammation, and vascular remodeling. 

 

One characteristic of pulmonary artery hypertension is remodeling of the 

pulmonary vasculature, which comprises thinking of the arterial walls, proliferation of 

smooth muscle cells, and luminal narrowing of the width (Dwivedi et al.,2021). 

Vascular remodeling is usually triggered by enhanced production and accumulation of 

various growth factors, including crucial fibroblast growth factors, platelet-derived 

growth factors, vascular endothelial growth factor and epidermal growth factor 

(Johnson, S. et al., 2023). These growth factors can cause smooth muscle cells to 

proliferate and migrate, giving the pulmonary arteries their characteristic 

morphological alteration. 

 

The etiology of pulmonary artery hypertension is dependent on inflammation. 

The pulmonary arteries can constrict in excess when cytokines and chemokines are 
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elevated, which plays a role in underlying vascular remodeling. Macrophage 

accumulation has been reported to perpetuate the inflammatory process, T cell mast 

cells, B cells neutrophils and dendritic cells in the pulmonary capillaries of patients 

with pulmonary arterial hypertension (Johnson, S. et al., 2023). 

 

Dysfunction of vasodilatory to vasoconstrictive imbalance is a characteristic 

feature of endothelial dysfunction associated with pulmonary artery hypertension. 

Pulmonary artery hypertension patients have increased endothelial 1(ET-1), a potent 

vasoconstrictor causing vascular remodeling and resistance (Yuan, S. M 2017). 

 

2.6 Wnt/β-catenin signaling pathway 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.6.1 Wnt Wnt/β-catenin signaling pathway 

 

Source: Song, P., Gao, Z., Bao, Y., Chen, L., Huang, Y., Liu, Y., ... & Wei, X. 

(2024). Wnt/β-catenin signaling pathway in carcinogenesis and cancer 

therapy. Journal of Hematology & Oncology, 17(1), 46. 

 

Wnts are a group of secreted glycoproteins with different expressions and 

functions. The Wnt signaling pathway is one of the oldest and the most conserved 

among living organisms (Jung, Y. S.et al., 2020). It comprises a total of 19 ligands, 
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including Wnt 1, 2 2b, 3, 3a, 4, 5a, 5b, 6, 7a, 7b, 8a, 8b, 9a, 9b, 10a, 10b, 11 and Wnt 

16 these are cysteine-rich proteins of approximately 350-400 amino acids that have an 

N- terminal signal peptide for secretion polarity migration and proliferation (Yu, X. 

M., et al.,2013). One Wnt ligand can have different effects on various cell types. Wnts 

signal intracellularly through several signal transduction pathways referred to as 1) 

the canonical pathway through beta-catenin, 2) the noncanonical planar cell polarity 

pathway, and 3) the PKC/calmodulin kinase/nuclear factor of activated T cell-

dependent pathway (Sheikh et al., 2014). 

 

The dynamic control of the transcriptional coactivator β-catenin is a key 

effector protein at the center of this system (MacDonald et al., 2009). When Wnt 

signals are not present, a destruction complex consisting of GSK3β, CK1α, AXIN and 

APC phosphorylates β-catenin, which is then broken down by the proteasome (Yang 

et al., 2012) (MacDonald et al., 2009). However, the Wnt ligands binding to its 

receptor stops this degradation complex, allowing β-catenin to stabilize and build up 

in the cytoplasm (MacDonald et al.,2009)  

 

β-catenin travels to the nucleus after stabilization and binds to TCF/LEF 

transcriptional factors. This creates a transcriptional cascade that sends to a series of 

target genes that regulate cell survival, differentiation, and proliferation (Yu, F. Yu C. 

et al., 2021). This signaling cascade is crucial for embryo development because it 

maintains adult cell populations and guides the production of various tissues and 

organs (Hiremath S. et al., 2022). Additionally, it plays a crucial role in canonical 

Wnt signaling. 

The Wnt/ β-catenin canonical pathway has been linked to multiple human 

diseases. Several malformations, osteoporosis, and cancer have been related to this 
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failure in the pathway (Yang et al.,2015). For example, oncogenesis in colorectal 

cancer, breast cancer leukemia, and malignant cell growth have been attributed to 

genetic disorders that activate the Wnt / β-catenin pathway wrongly (Liu, J., Xiao et 

al., 2022). However, Wnt / β-catenin signaling deficits have been implicated in 

developmental and degenerative issues. 

 

The intricate relationship between the canonical Wnt/β-catenin pathway and 

another signaling cascade and their roles in modulating the immune response has long 

been well known. Targeting the Wnt/β-catenin pathway could be a promising 

approach for treating many human diseases, and they have developed new therapeutic 

intervention options. In order to establish an individualized treatment plan, one should 

understand the intricate mechanism of the canonical Wnt/β-catenin pathway and its 

multiple biological activities. In addition, more studies are being conducted to 

understand how the canonical Wnt/β-catenin pathway intersects with other signaling 

pathways and how its malfunctions result in disease. 

 

2.7 Role of Wnt/β-catenin signaling pathway in Pulmonary 

hypertension. 
 

The development and progression of pulmonary artery disease, a possibly fatal 

disorder, have been associated with disruption of the Wnt/β-catenin signaling 

pathway, based on scientific evidence (MacDonald et al., 2009) disruption of the 

Wnt/β-catenin signaling pathway—the pathologic alteration of this disease involving 

vasoconstriction and pulmonary endothelium. Abnormal Wnt/β-catenin signaling has 

indeed been found in the pulmonary vasculature of animal models and humans with 

pulmonary artery hypertension. This indicates that the biological pathway this 

represents could be a viable therapeutic candidate for controlling this paralyzing 
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disease. Even though the precise way Wnt signaling plays a role in developing 

pulmonary artery hypertension is unknown, ongoing research suggests that it can do 

so by different pathways(Dejana,2010).These are by stimulating fibroblast differentiat

ion into myofibroblasts, increasing pulmonary vascular cell migration and 

proliferation, and controlling the expression of genes that manage vascular 

remodeling and tone. 

 

Further studies have been conducted on the function that Wnt/β-catenin 

signaling has in pulmonary artery hypertension development. The noncanonical Wnt 

ligand Wnt 11 been revealed to induce cardiomyocyte growth by inhibiting the 

canonical Wnt/β-catenin pathway via a caspase-dependent process (Abdul-Ghani et 

al., 2010) By regulating key vasomotor proteins such as serotonin endothelin 1 and 

hypoxia-induced factor 11α, the Wnt signaling pathway also plays a role in the 

pathogenesis of pulmonary artery hypertension. 

 

Even though many of the functions of Wnt/β-catenin signaling in emerging 

pulmonary arterial hypertension are becoming more well-defined, more research is 

necessary to fully comprehend the mechanism at play and identify potential targets 

within these pathways. More research is necessary because much remains known 

about the function of Wnt/β-catenin signaling within this condition. The 

pathophysiology of pulmonary artery hypertension and Wnt signaling system can be 

studied further to discover novel methods of developing a targeted treatment that 

could improve patient outcomes. 
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2.8 The Interplay of Wnt/β-catenin Signaling, Pulmonary 

Hypertension, and Hypoxia 

 

The deficiency of oxygen, Hypoxia is a recognized etiology of pulmonary 

hypertension. Nevertheless, recent research indicates that the pathogenesis of hypoxic 

pulmonary hypertension includes the Wnt/β-catenin pathway (Dejana, 2010). 

Earlier research has shown that the Wnt/β-catenin signaling pathway is elevated in 

different subtypes of pulmonary hypertension, including idiopathic, heritable and 

those associated with primary lung or congenital heart disease (Shang et al., 2017). 

Hypoxia has been shown to stabilize and induce nuclear accumulation of β-catenin, an 

essential element of the canonical Wnt signaling pathway. In pulmonary hypertension, 

nuclear accumulation of β-catenin leads to increased activity of the cell nucleus, 

promoting gene transcription to produce proteins that support cell migration, 

proliferation, and survival. 

 

Hypoxia, pulmonary hypertension, and Wnt/β-catenin signaling are intricately 

connected to imply a highly complex linkage. According to (Yuan, 2017), β-catenin 

has been observed to interact with and stabilize hypoxia-inducing factor 1α, one 

critical regulator of the cellular response to low oxygen levels, thereby enhancing 

Wnt/β-catenin signaling. According to (Dejana, 2010), the Wnt/β-catenin pathway 

also regulates the vascular tone and remodeling, both critical events in the 

development of pulmonary hypertension.  

 

The development of pulmonary hypertension, especially in hypoxia, is highly 

influenced by the Wnt/β-catenin signaling system (Shang et al., 2017) (MacDonald et 

al., 2009). The operation of this signaling system in the interaction of hypoxia and 

pulmonary hypertension may lead to the identification of new treatment strategies 
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against this crippling disease. Hence, understanding how hypoxia and Wnt/β-catenin 

signaling converge in generating pulmonary hypertension may provide yet another 

avenue for developing targeted therapy and better patient care.  

 

2.9 Mucuna Pruriens (MP) 

Traditional medicinal systems used Mucuna pruriens, the Velvet bean, but it 

thrives more in Africa and India (Moghadamtousi et al., 2015). According to 

(Senthilkumar et al., 2018), various ailments have been treated with herbs, in 

particular, diabetes, Parkinson’s disease, male infertility, and other neurological 

disorders. Recent scientific investigations have confirmed many traditional claims 

regarding the mechanisms and active phytochemicals behind the mentioned 

therapeutic effects. Thanks to the abundance of phytochemicals, which include 

secondary metabolites such as L-Dopa, alkaloids, flavonoids, and phenolic 

substances, this plant has excellent promise as a therapeutic one. Numerous scientific 

investigations have concentrated on these biomolecules, which have strong and 

beneficial impacts on several physiological systems. 

 

About 150 species of annual and perennial legumes in the genus Mucuna 

pruriens belong to the Fabaceae family, the Papilionaceous sub-family. An annual 

climbing legume native to Southern China and Eastern India was once used as a green 

vegetable crop. Traditionally, Mucuna pruriens has been used in ancient Indian 

medicine, Ayurveda, to assist in managing Parkinson’s disease. Mucuna pruriens is 

said to be effective against Parkinsonism and have neuroprotective properties, which 

may result from antioxidant activity. Additionally, it is used as an aphrodisiac and to 

cure neurological disorders and male infertility.  
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For our study, we collected Mucuna pruriens plant seeds from APMC Vijayapura 

Karnataka and the Garden of   BLDE Association’s AVS Ayurveda Maha Vidyalaya 

Vijayapura, Karnataka. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.9.1 Mucuna pruriens, DC From Garden of BLDE Association’s AVS 

Ayurveda Maha Vidyalaya Vijayapura Karnataka 

 

 

2.10 Biomolecules from Mucuna pruriens (β-sitosterol, Gallic acid) 

 

 

 

 

 

 

 

 

 

 

 

 

       Fig 2.10.1 A β-sitosterol                                    2.10.1 B. Gallic acid 

 

 

Source: Moreno-Calvo, E., Temelli, F., Cordoba, A., Masciocchi, N., Veciana, J., & 

Ventosa, N. (2014). A new microcrystalline phytosterol polymorph was generated 

using CO2-expanded solvents. Crystal Growth & Design, 14(1), 58-68. 
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The plant-derived phytosterol compound β-sitosterol therapeutic potential has 

been the subject of intense scientific investigation due to its potential to aid in 

managing several medical problems. Although it has structural similarities with 

cholesterol, β-sitosterol and other phytosterol have been studied for their potential to 

regulate physiological processes. (Hannan et al., 2020) 

 

According to research, a primary mechanism in the development and spread of 

cancer, tumour angiogenesis can be inhibited by phytosterols such as β-sitosterol and 

other plant sterol components. It has shown that β-sitosterol directly affects the 

signaling pathway that controls the growth of blood vessels. It prevents the 

development of new arteries that supply oxygen and nutrition to tumours, depriving 

cancer cells of the food they need to survive. 

 

There have been investigations on using the beneficial chemical β-sitosterol to 

include low-fat and reduced-fat foods. These new formulations of foods would utilize 

the established cholesterol-lowering properties of β-sitosterol. They would offer a 

feasible approach to improving cardiovascular health without significant changes in 

dietary behavior.  

 

Gallic acid is a constituent of naturally occurring substances; however, the 

genuine interest that this phenolic compound has aroused has everything to do with its 

extraordinary bioactive characteristics and promising medicinal applications (Cabral 

E. et al.,2017). This study attempts to acquire an overview of such wondrous 

phytochemicals and their multiple products.  

 

The hydroxyl phenolic group in the chemical structure of gallic acid is thought 

to contribute significantly to its potent antioxidant action, which has already been 
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shown in several studies (Choubey et al., 2018). Furthermore, due to its anti-oxidation 

qualities, gallic acid is promising as a chemical for various medical purposes to 

protect the body from the negative impacts of reactive oxygen species and free 

radicals. The other discovered qualities of gallic acid are its antibacterial, anti-

diabetic, and anti-tyrosinase effects (Choubey et al., 2018).  

  

Even outside its medicinal function, gallic acid was known to have some 

industrial use, as already mentioned. In research, Schiff-base derivatives of this 

compound have been synthesized and studied for their analgesic, anti-inflammatory, 

and anticonvulsant properties. Gallic acid indanone derivatives have also been 

reported to exhibit anticancer activity, which speaks for the wide-ranging medicinal 

uses of this phytochemical.  

 

2.11 In-silico analysis/Wnt/β-catenin signaling pathway/Mucuna 

pruriens  
 

Many biological sciences have used bioinformatics, and the subject has been 

essential in improving important fields like forensic DNA analysis and knowledge-

based medication design to agriculture biotechnology (Cheba et al., 2019). The 

Wnt/β-catenin signaling system can be altered to aid in developing novel therapies for 

PAH. Considering the curative implications of Mucuna pruriens in numerous 

diseases, the present work was undertaken to examine the interactions of different 

components of Mucuna pruriens plant seeds with Wnt/β-catenin pathway at its 

components such as Wnt 3a, Frizzled 1, LRP 5/6, β-catenin, Disheveled, cyclin D1 by 

in silico analysis. The proposed work is based on computational analysis by a Swiss 

ADME server on the putative drugs to be administered and their ADME/T properties.  
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To identify the molecular interaction pattern, Schrodinger, a standalone 

software, was used to predict the interaction of bioactive molecules of Mucuna 

Pruriens with the target proteins involved in the Wnt/ β catenin pathway. The top 

docked complex simulation pattern was subjected to Molecular dynamic (MD) 

simulation in Desmond for 100 ns. Biomolecules from Mucuna Pruriens are drug-like 

and essentially non-toxic. Three compounds (L-dopa, β-sitosterol, and gallic acid) 

among the nine compounds screened in the docking study interact well with target 

proteins. The docked complex was subjected to MD simulation since gallic acid 

interacted well with all the target proteins. It was stable throughout the simulation 

time in terms of RMSD and RMSF. The present study’s results indicate that the 

Mucuna pruriens biomolecule can potentially improve pulmonary vascular disease. 

Their effectiveness and pharmacological activity need to be thoroughly established by 

additional in vivo and in vitro research. (Bhosle S et al.., 2024). 

 

2.12 Invitro analysis/Wnt/β-catenin signaling pathway/Mucuna 

pruriens  
 

According to He and Gan (2023), the Wnt/β-catenin signaling axis is the 

major regulator of, among other things, motility and growth differentiation. Changes 

in the pathway are thought to play a role in the initiation and progression of various 

tumors, among them colorectal cancer. Moreover, it was shown in the study that 

various phytochemicals, including Mucuna Pruriens, can be used therapeutically in 

targeting and regulating this signaling cascade (Huang et al.,2019).  

 

Mucuna pruriens, a tropical legume with several pharmacological properties, 

has long been utilized in the medical system (Li et al., 2019). Recent research 

suggests that Mucuna pruriens and its components influence the migration and 

invasion of cancer cells through the Wnt/β-catenin signaling pathway. The extract of 
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Mucuna pruriens inhibited cell migration and invasion of colorectal cancer cells 

through modulating/altering the expression of Wnt/β-catenin target genes MMP7, 

MMP9, and ZEB1-another property responsible for the inhibition of this invasion (Li 

et al., 2019). 
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3.1 Research Question 

 

If hypoxia exposure alters the Wnt/β-catenin signaling pathway in human 

pulmonary artery smooth muscle cells, and can the bioactive molecules of Mucuna 

pruriens seeds modulate this signaling pathway? 

 

3.2 Aim  
 

To study the role of Wnt/ β-catenin signaling in the hypoxia-exposed human 

pulmonary artery smooth muscle cells and the effect of isolated bioactive molecules 

of Mucuna pruriens seeds. 

 

3.3 Objectives 

 

1. Assessment of interaction between bioactive molecules of Mucuna Pruriens 

seeds with Wnt/β-catenin signaling by in-silico studies. 

 

2. Phytochemical extraction, identification, and isolation of bioactive 

compound(s) from Mucuna pruriens seeds. 

 

3. To study the Wnt/β-catenin mRNA expression in the human pulmonary artery 

smooth muscle cells exposed to hypoxia and to investigate the effect of 

isolated bioactive molecule(s) of Mucuna pruriens on Wnt/ β-catenin mRNA 

expression in them.  

 

3.4 Hypothesis 

 

Wnt/β-catenin mRNA expression may be altered in human pulmonary artery 

smooth muscle cells exposed to hypoxia, which may be modulated by bioactive 

molecules of Mucuna pruriens 
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Chapter-IV 
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STUDY DESIGN 

 

1. In-silico Analysis 

2. Phytochemical extraction, identification, and isolation of bioactive molecule 

of Mucuna prurines.  

3. Invitro Studies.  

4. Gene Expression studies 

4.1 Objective 1 In-silico Analysis  

4.1.1 List of data Bases tools/software used in silico analysis  
 

The present investigation was performed in an Intel® Core™ i5-11th gen HP 

processor laptop. The software and databases used for the current study:   

1. Pubmed (Harjacek M, et al 2000)  

2. Pubchem (Kim S, et al., 2019)  

3. NCBI (Sayers E.W, et al., 2020)  

4. Swiss model (Waterhouse A, et al 2018)  

5. Uniport (UniProt Consortium. 2019)    

6. PDB sum (Laskowski R.A, et al., 2018)  

7. NPACT (Shapovalov M.V, et al 2011)  

8. Auto dock 4.2 (Morris G.M et al., 2009)  

9. Discovery studio visualizer (BIOVIA, Dassault Systèmes. 2017)   

10. Protein data bank (Burley S. K et al., 2017) 

4.2 Target protein Preparation:  
 

Retrieval of the target protein from RCBS-PDB (http://www.rcsb.org/pdb) 

 

The Wnt/ β-catenin signaling pathway components (Wnt 5a, Frizzaled1, LRP5/6, 

β-catenin, Dishevelled, CyclinD1) are chosen as a target protein for this study. The 3-

D crystal structure of the target proteins Wnt 5a (PDB ID 7DRT), Frizzaled1 (PDB ID 

http://www.rcsb.org/pdb
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4IU6), LRP 5/6 (PDB ID 3S8V), β-catenin (PDB ID 1LUJ), Dishevelled (PDB ID 

6ZC7), CyclinD1(PDB ID 5VZU) were obtained from the Protein Data Bank 

(Kirubhanand, C.et al., 2020). The protein structures were then imported into 

Accelrys Discovery Studio for further analysis. Non-receptor atoms, including water 

molecules, ions, and various compounds, were removed from the systems. The 

resulting protein structures were then prepared for docking studies.  

4.3 Screening of biomolecules:  
 

Retrieval of the chemical structure of bioactive molecules from PubChem and 

NPACT 

 

Biomolecules from Mucuna pruriens plant seeds were chosen based on the 

literature review; there are a total of nine molecules from the plant were selected, and 

the corresponding compound structures were obtained from the database of PubChem 

and Naturally Occurring Plant-based Anti-cancer Compound-Activity-Target database 

NPACT (Madagi et al., 2018). In order to examine the compound’s drug-likeness 

quality, its canonical smile is taken, including hydrogen atoms that neutralize charged 

groups and refine their geometrical properties; all ligands were prepared for molecular 

docking. Table 4.3.1 lists the nine biomolecules selected for investigation based on 

the literature research. 

S.No BioMolecules PubChem ID 

1 L-Dopa 6047 

2 Glutathione 124886 

3 Lecithin 823 

4 Galic Acid 370 

5 Β-sitosterol 222284 

6 6methoxyharma 135053166 

7 Stearic acid 18962935 

8 Oleic acid 23665730 

9 Linolic Acid 5282798 

 

Table 4.3.1: Biomolecule present in Mucuna pruriens  
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4.4 Analysis of Drug Likeness Properties 

 

The SWISS ADMET tool analyzed the ADMET properties of biomolecules 

from Mucuna pruriens plant seeds (Parvatikar et al .2022). These properties are vital 

to determine the drug’s ability to cross blood-brain barrier (BBB) permeability and 

oral bioavailability in humans. This tool employs computational methods to estimate 

the physicochemical properties of a molecule and its structure; how easily this 

molecule can cross the blood-brain barrier is tremendously important in dictating 

whether or not it reaches its target in the brain itself. Oral availability in humans will 

measure how fast and effectively a drug is absorbed and reaches its target in the body 

after it passes through the gastrointestinal tract. The SWISS ADMET tool predicts 

properties through machine-learning algorithms based on the molecule (Parvatikar et 

al., 2013).  

 

4.5 Molecular interaction study: 

 

The molecular interaction study was designed using Schrodinger software, 

where the interactions of all proteins (Wnt5a, Frizzled, LRP 5/6, β-catenin, 

Dishevelled, Cyclin D1) with ligands Mucuna pruriens (biomolecule) were calculated 

by a genetic algorithm. A grid box at the centroid of the binding sites was generated 

and docked in three stages using GLIDE v6.7 (Huey et al., 2012). For the top ten 

leads, a selected substrate, and the exiting inhibitors, each energy of binding available 

to each target was calculated using the Prime/MM-GBSA (Parvatikar et al., 2022).  

 

Grid generation around the active site of a target protein is essential for 

docking studies. A 10 x 10 x 10 Å cubic grid box was established around the β- 

catenin protein active sites using Glide v5.9 (Schrödinger, 2014), (Hema et al., 2020) 

(Sandeep et al., 2017). The van der Waals radii scaling factor was assumed to be 1.0 
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to recognize nonpolar receptor regions, with a partial atomic charge of 0.25 in GH 

during receptor grid generation.  

 

The glide XP docking method was used to improve the correlation between 

scoring and binding poses and diminish false positives (Friesner et al., 2006). The 

different centers of the ligand were placed at 1 Å grid intervals with flexibility for 

rotation around three Euler angles. False binding modes were then assessed for 

preliminary score values based on their likelihood of occurrence. Docking solutions 

were refined under the OPLS-2005 force field with Monte Carlo simulated post-

docking minimization for ligand torsion and rigid body movements. The Glide 

Scoring function computed the optimal docking poses (Hema.et al., 2015) (Sandeep. 

et al., 2017). 

 

4.6 Molecular Dynamics Simulations (MD Simulations) 
 

MD simulation has been carried out to study the changes in the conformation 

of the docked complex during the interaction. In this study, energy and force 

calculations were performed on the docked complex using the Desmond software 

throughout the simulation. This software can be integrated into a molecular modeling 

environment and analysis and viewing tools (Chow et al., 2008). A minimized 

solvated system was used to run the MD for 100 ns at normal pressure (1.01 bar) and 

temperature (300 K). After simulation, a simulation interaction diagram was 

constructed to analyze MD results, such as the plots for protein-ligand RMSD and 

protein-ligand interactions throughout the simulation (Kumar et al., 202).  
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4.7 (MM-GBSA) analysis: Molecular mechanics generalized Born 

surface area. 
 

The changes in the position and orientation of the ligand during the simulation 

study led to modifications in the binding affinity and free energy. Predicting these 

energies will lead to a better understanding of the movement of the ligand. Molecular 

Mechanics Generalized Born Surface Area (MM-GBSA) Analysis is the most 

efficient and compatible technique for calculating binding energies. The MM-GBSA 

calculations of the composite ligand-protein complexes were done using the Prime 

module of the Schrodinger software. (Khaparkhuntikar et al., 2024) 
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4.8 Objective 2 Phytochemical Extraction: 
 

4.9 Phytochemical extraction, identification, and isolation of bioactive 

molecule of Mucuna pruriens flow chart 
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4.10 Collection of Seeds 

 

Mucuna pruriens seeds were collected from the local market and Garden of 

BLDE Association’s AVS Ayurveda Maha Vidyalaya Vijayapura Karnataka, India. 

The plant seeds were given for authentication to the Department of Dravyaguna 

BLDE Association of AVS Ayurveda Maha Vidyalaya Vijayapura Karnataka. The 

seeds were dried under shade and made into a powder. Fig 4.9.1 shows the Mucuna 

pruriens seed and powder diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.10.1 Mucuna pruriens seed and powder diagram. 

 

4.11 Preparation of Plant Extract  
 

The Mucuna pruriens seeds were cleaned in 99.9% ethanol to remove any 

surface contaminants (Cowley et al.,2020) and then shade-dried to remove moisture. 

A laboratory-grade grinder was used to grind them to get the course powdered.  
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Soxhlet was used for extraction.99.9% pure ethanol was used as a solvent for 

extraction because of its strong polarity and ability to extract a wide range of 

phytochemicals. The temperature was controlled between 50°C and 60°C, and cycles 

during extraction were counted. After extraction, the rotary evaporator removed the 

solvent from the extract. In order to minimize the extract thermal breakdown and 

guarantee effective solvent recovery, this procedure was carried out at low pressure. 

The yield of extract was noted. Figure 4.10.1 shows the Soxhlet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.11.1 Soxhlet apparatus for extraction 

 

4.12 Identification and isolation of bioactive molecules from Mucuna 

pruriens seeds 

  

Research on natural products depends on separating and purifying 

biomolecules (Compounds) from plant sources. Various analytical techniques may 

isolate and characterize the compounds, including HPLC and flash chromatography. 

HPLC tested the plant extract for specific compounds, while flash chromatography 

isolated the compounds from the plant extract. 
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Instrument Details 

 

HPLC is a powerful analytical technique identifying and quantifying various 

bioactive compounds from active plant extracts. Figure 4.11.1 JASCO 

AUTOSAMPLER 

 

 HPLC System Name: JASCO Autosampler 

 Stationary phase: Eurosphare, C18, 3.9× 150 mm  

 Column oven temperature: 30ºC  

 Mobile phase: A mobile phase consisting of A (water) and B (acetonitrile)  

 Detection wavelength: 280 nm  

 Flow rate: 1.0 ml/min 

 Injection volume: 20 µl 

 Detector; Diode array detector  

 

Figure 4.12.1 JASCO AUTOSAMPLER 
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Flash Chromatography 

 

Flash chromatography is a relatively fast purification technique that uses air 

pressure to separate compounds based on their solubility and polarity. Flash 

chromatography has proved helpful in pharmaceutical and natural product research 

applications in various fields. This research employed flash chromatography to isolate 

compounds from plant extract—details on chromatographic conditions for isolating 

gallic acid and beta-sitosterol. 

 

 Column and Conditions: 

 Column: Silica 4g column, Flow Rate: 18 ml/min. 

 Solvents: Methanol (Solvent A) and water (Solvent B). 

 Equilibration Volume: 33.6 ml, Air Purge: 0.5 minutes, Loading Type: Solid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 4.12.2 Combi Flash RF
+
 Lumen 
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4.13 Objective 3 In-vitro Study Design 
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4.14 Description of Pulmonary Artery Smooth Muscle Cell Line 

 

Normal primary pulmonary artery smooth muscle cells PCS-100-023 were 

brought from ATCC (American Type Culture Collection). Details of cell lines are 

given below. 

 Cell Type: Pulmonary artery  

 Organism: Human 

 Volume: 1.0 mL  

 Product format: Frozen  

 Storage conditions: Vapor phase of liquid nitrogen 

4.15 Preparation of Complete Growth Media 

 

A growth kit was removed from the freezer, and the cover on each part 

was tightly closed. They were thawed before adding the growth kit contents to the 

basal medium. The L-glutamine content was added to the basal 

medium following warming in a water bath at 37°C and shaken to remove any 

precipitates. We removed 475 mL of Vascular cell basal medium (VCBM) from the 

freezer and sanitized the bottle with 70% ethanol. The volume of every growth kit 

component was added to the basal medium bottle, and a different sterile pipette was 

used each time in an aseptic manner and within a laminar air flow hood. Growth kit 

components are listed below. 

 rh FGF-basic, 0.5 mL,  

 5 ng/mL rh  

 Insulin, 0.5 mL, 5 µg/mL  

 Ascorbic acid, 0.5 mL, 50 µg/mL  

 L-glutamine, 25.0 mL,  

 10 mM rh EGF, 0.5 mL, 5 ng/mL 

 Fetal Bovine Serum, 25.0 mL, 5% 
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4.16 Seeding of Cells or Culture of Cells 

 

To begin with, the complete growth media was prepared, followed by the 

initiation of the culture. Subsequently, each flask was plated with 5 mL of complete 

growth media per 25 cm² surface area, and then they were placed in a 37°C, 5% CO₂ 

humidified incubator for 30 minutes such that they were equilibrated. Meanwhile, a 

single vial of ATCC PCS-100-023 was quickly thawed with a 37°C water bath for 1-2 

minutes to minimize contamination risk. The vial was then cleaned with 70% ethanol. 

In an aseptic way, the desired volume of growth media was loaded into a sterile 

conical tube [(1 mL x number of flasks) - 1 mL]. Cells from the cryovial were 

carefully moved to the conical tube and stirred happily. A 1.0 mL of the cell 

suspension was aliquoted into each equilibrated flask. Subsequently, the filled flasks 

were hermetically sealed, slightly wobbled so the cells could be ubiquitously 

distributed, and then incubated at 37°C with 5% CO₂ for at least 24 hours before the 

subsequent treatment. (ATCC PCS-100-023 guideline). 

 

4.17 Subculturing Procedure 

 

1. When cells reached approximately 80% confluence, the passage of normal 

vascular smooth muscle cells was performed. 

2. The trypsin-neutralizing solution and the Trypsin- EDTA were brought to 

room temperature before dissociation. Before using the cells, the entire growth 

medium was heated to 37°C. 

3. Without causing any disruption to the monolayer, the spent media was 

aspirated from each flask.   

4. 1 to 2 mL of Preheated trypsin-EDTA solution was added to each flask. 

5. The Trypsin EDTA solution was thoroughly covered over the cells by gently 

tilting  
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6. The flask was lightly tapped on multiple sides to encourage the detachment of 

cells from the surface of the flask, and cells were checked using the 

microscope to ensure cell detachment. 

7. Once it seemed that most cells had detached, an equal amount of trypsin-

neutralizing solution was rapidly added to every flask. 

8. Dissociated cells were placed into a sterile centrifuge tube and put aside as any 

remaining cells within the flask were processed. 

9. Pour 3 to 5 mL of D-PBS into the flask to get any remaining cells that may 

have been left on it. 

10. Removed the cell/D-PBS mixture into the centrifuge tube of the trypsin-

EDTA-dissociated cells. 

11. Repeated steps 10 and 11 as many times as needed in order to collect all of the 

cells out of the flask 

12. Centrifuged the cells at 150 x g for 3 to 5 minutes. 

13. Aspirated the neutralized dissociation solution from the cell pellet and 

resuspended the cells in 2 to 8 mL of fresh, pre-warmed, complete growth 

medium. 

14. Counted the cells and seeded new flasks at a density between 2,500 and 5,000 

cells per cm². 

15. Incubate the newly seeded flasks at 37°C, 5% CO₂, for a minimum of 24 to 48 

hours before further processing the cells. 

 (PASMC ATCC PCS-100-023 Guideline). 
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4.18 MTT Assay for cell cytotoxicity and cell viability.  
 

We bought the Human pulmonary artery smooth muscle cell line from ATCC. 

Two biomolecules, β-sitosterol and gallic acid, were isolated by flash chromatography 

and identified by HPLC from Mucuna Pruriens. Cytotoxicity of the biomolecules and 

crude extract of the plant was assessed by the MTT method on the HPAMC cell line. 

HPASMC cells were cultured with a density of 10,000 cells/well (200 μl) using 

vascular smooth muscle cell basal media and placed in the incubator for 24 hours at 

37°C and 5% CO₂. 

 

Stock solution of β-sitosterol 10 mg/mL was stored in DNA grade ethanol, 

plant crude extract, and gallic acid at 10 mg/mL in 99.9% ethanol. HPASMC cells 

were treated after 24 hours with increasing concentrations of each compound from 

200 to 6.25 μg/mL in duplicate using vascular smooth muscle cell basal media and 

incubated for another 24 hours at 37°C and 5% CO₂.  

 

Cells were washed twice with Phosphate-buffered saline (PBS) and treated 

with 20 μL of 0.5% MTT solution in PBS for 4 hours. Formazan crystals developed 

after 4 hours were dissolved in 150 μL Dimethyl sulfoxide (DMSO), and the 

absorbance was read at 570 nm. IC₅₀ values of the three compounds against the 

HPASMC cell line were calculated from the percentage cytotoxicity. 

 

4.19 Culture of Cells for Normoxia  
 

Human pulmonary smooth muscle cells (HPSMC) were cultured in a 24-well 

plate in a vascular smooth muscle cell basal media containing 20% FB under 

normoxic conditions. The cells were initially incubated at 37°C for 24 hours in an 

atmosphere containing 21% oxygen, 72% nitrogen, and 5% carbon dioxide (Yu, X. 

M., et al.,2013). 
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4.20 Culture of cells for Hypoxia condition and treatment of cells 

with bioactive compounds from Mucuna pruriens. 

 

Human pulmonary smooth muscle cells (HPSMC) were cultured in a 24-well 

plate in vascular smooth muscle cell basal media containing 20% fetal bovine serum 

(FBS) under normoxic conditions (21% oxygen, 5% carbon dioxide,74% nitrogen) 

(Yu, X. M., et al.,2013). Following this incubation, the cells were removed from the 

incubator, and the previous media was aspirated. Fresh serum-free media, specifically 

vascular smooth muscle cell basal media supplemented with 2% FBS, was added to 

each well. The cells were then exposed to hypoxic conditions (2 to 5% oxygen, 92% 

nitrogen, and 5% carbon dioxide) for 24 to 48 hours to induce hypoxia.  

 

After the hypoxic incubation period, the cells were treated with serial dilutions 

of the test compounds at concentrations ranging from 100 μg/mL to 12.5 μg/mL, 

including β-sitosterol, plant crude extract, and gallic acid, without disturbing the 

hypoxic conditions, in duplicate.  

 

Our study grouped hypoxia-exposed cells into seven groups and treated them 

with Mucuna pruriens seed extract biomolecules. Group I cells were cultured in 

normoxia and exposed to hypoxia. In Group II, hypoxia-exposed cells are treated with 

50 μg/mLβ-sitosterol. In Group III, hypoxia-exposed cells are treated with 100 μg/mL 

β-sitosterol. In Group IV, hypoxia-exposed cells are treated with 50 μg/mL of crude 

extract. In Group V, hypoxia-exposed cells are treated with 100 μg/mL of crude 

extract. In Group VI, hypoxia-exposed cells are treated with 50 μg/mL of gallic acid. 

In Group VII, hypoxia-exposed cells are treated with 100 μg/mL of gallic acid.  

 

After the treatment, the 24-well plate was removed from the incubator, and the 

media was carefully aspirated from each well. The cells were washed twice with 200 
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µL of PBS to remove residual and non-adherent media. Following the washes, 200 µL 

of trypsin-EDTA was added to each well to facilitate cell detachment. The plate was 

incubated at 37°C for 3-5 minutes to allow the trypsin to act.  

 

Once the cells were detached, Dulbecco’s Modified Eagle’s Medium (DMEM) 

serum media was added to each well to neutralize the trypsin. The contents of each 

well were then transferred to separate 5 mL tubes. The tubes were capped and gently 

inverted to thoroughly mix the cells and media 

4.21 Gene Expression Study Design 

 

 RNA Isolation 

 RNA Quantification 

 cDNA Synthesis 

 RT -PCR  

 Data analysis 

4.22 Protocol for Isolation of RNA from Cells 

 

RNA isolation for both normoxia and Hypoxia cells was done using the 

TRizol method. Collection of cells Normoxia and Hypoxia cells were collected in 

different tubes and centrifuged at 5,000RMP for 5 minutes. The supernatant was 

removed, and a pellet of 1ml Trizol was added and stored at -80 for further use. 

Isolation of RNA by Trizol Reagent 

 

Isolate the cells by centrifugation at 5,000 RPM for 5 minutes. Remove the 

culture media and add 500 µL of Trizol reagent to the pelleted cells. After 

homogenization or lysis in trizol, the sample can be stored at -70 for up to 1 month. 

 To ensure complete dissociation of nuleco-protein complexes, allow samples 

to stand for 5 minutes at RT. 

 Add 250 µL of Trizol reagent (Total volume 750 µL). 
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 Vortex the samples vigorously for 2-5 min 

 Add 150 µL of Chloroform 

 Shake Vigorously for 15 seconds; allow to stand for 10 minutes 

 Centrifuge at 10000 RPM for 15 minutes at 4 c. 3 Phases are obtained 

Red Phase: Organic Contains Protein 

An interphase: Contain DNA 

Upper colourless Phase: Contain RNA 

 

 Transfer the upper colourless phase to a fresh tube and add 750 µL of 2-

Propanol. Allow to stand for 5-10 minutes at room temperature. 

 Centrifuge at 10,000 RMP for 10 minutes at 4c 

 Remove supernatant. Wash the RNA pellet by adding 750 µL of 75% ethanol. 

 Shake gently centrifuge at 8,000 RPM for 5 minutes at 4c. Remove the 

supernatant. 

 Dry the RNA pellet for 5-10 minutes. 

 Add an appropriate volume (30 µL) of nuclease-free water. 

 Tap the tube gently to dissolve the pellet. Keep at RT for 30 minutes 

 Store the RNA at -20/-80 

 

4.23 RNA Quantification: 

 

 

For RNA quantification, the Biorad Nano Drop spectrophotometer was used. 

It is a rapid and efficient method for determining RNA concentration and assessing 

sample purity. This method measures absorbance at specific wavelengths (570nm), 

allowing for quick analysis with minimal sample volumes.  
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4.24 cDNA Synthesis Protocol: 

 

High-Capacity Reverse Transcription kit (200RXN) Cat No 4368814 was used for c 

DNA synthesis. The master mix was prepared using the following composition for 1 

reaction and 10 reactions given in Table 4.24.1 

Table 4.24.1 Master Mix Composition 

S.

No 

Composition 1 

Reaction 

10 

Reaction 

1 10X RT Buffer 2.0 µL 20 µL 

2 25X dNTP Mix 0.8 µL 8.0 µL 

3 10X RT Random primer 2.0 µL 20 µL 

4 Reverse transcription Enzyme 1.0 µL 10 µL 

5 Nuclear-free water 4.2 µL 42 µL 

 

After the preparation of the master mix, 10 µL of master mix and 10 µL of 

isolated RNA sample were taken in Polymerase chain reaction (PCR) Tubes and kept 

in PCR at given settings.                                       

PCR thermal Cycle Settings 

Settings Step 1 Step 2 Step 3 Step 4 

Temperature 25 37 85 4 

Time 10 Minutes 120 Minutes 5 Minutes Hold 

    

4.25 real-time PCR 

For this research, we used three primes those were Wnt5a, β catenin and 

cyclin D1, and β actin was used as a housekeeping gene. Primers were diluted with 

water according to the chart given in the primer box. After dilution, 10 picomolar 

primers were prepared. Primer base pairs are given in the following table: 4.25.1 

Primer Name Primer Sequence 5' --> 3' Length 

Wnt5a F TGAGCACGACGAAGC 15 

Wnt5a R GTGAACAGAAATGGAGGT 18 

B-catenin F CAAGTGGGTGGTATAGAGG 19 

B-catenin R GGGATGGTGGGTGTAAG 17 

Cyclin D1 F ACACGGCTCACGCTTAC 17 

Cyclin D1 R CCAGACCCTCAGACTTGC 18 

B actin F GAGCTACGAGCTGCCTGACG 20 

B actin R GTAGTTTCGTGGATGCCACAG 21 

Table 4.25.1: Primer base pairs used for amplification 
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PCR Settings 

 

Step Temperature Time Cycle 

Denaturation 95
0
c 10 min 42 Cycle 

Annealing 95
0
c 15 second  

Extension 60
0
c 45 second  

 

The master mix was prepared by using the following composition for one 

reaction given in Table 4.25.2 

 

S.No Composition 1 Reaction 

1 Syber green 10 µL 

2 Forward Primer 1.0 µL 

3 Reverse Primer 1.0 µL 

4 Nuclear-free water 6.0 µL 

 

Table 4.25.2 Master mix composition 

 

After preparing the Master mix, 10 µL of the master mix and 2 µL of c DNA 

sample were taken in PCR Tubes in triplicates and kept in RT-PCR at the given 

settings. Each gene’s cycle threshold (Ct) values were taken, and 2 log fold values 

were calculated using the 2^- ΔΔCt method formula. 

 

4.26 Statistical Analysis 

 

SPSS software (version 20.0) was used for statistical analysis. Data are 

presented as Mean ± SD. One-way ANOVA was used to analyze statistical significant 

differences across multiple groups, followed by the Kruskal-Walli’s test to ascertain 

significant intergroup differences. A p < 0.05 was considered statistically significant. 
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Chapter-V 

Result & Discussion   
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In-silico Result 

5.1 Retrieval of the target protein from RCBS-PDB 

(http://www.rcsb.org/pdb)  

 

Table 5.1.1 Protein Details 

 

Sl. 

No 

Protein Name PDB ID Resolution Molecular weight 

kDa 

1 Wnt 5a 7DRT 2.20 A 104.89 

2 Frizzled 1(FZD) 4IU6 1.90 A 43.81 

3 LRP 5/6 3S8V 3.10 A 151.43 

4 β-catenin 1LUJ 2.5 A 64.50 

5 Disheveled 6ZC7 1.48 A 21.51 

6 CyclinD1 5VZU 2.71 A 150.14 

 
Table 5.1.1 depicts the crystal structure of Wnt 5a (PDB ID 7DRT), which consists of 

893 amino acid residues with a molecular weight of 104.89kDa at 2.20A resolution, 

Frizzaled1 (PDB ID 4IU6) composed of 384 amino acid residues with a molecular 

weight of 43.81kDa, at 1.90 A. LRP 5/6 (PDB ID 3S8V) consists of 1334 amino acid 

residues with a molecular weight of 151.43kDa, at 3.10 A resolution, β-catenin (PDB 

ID 1LUJ) consists of 589 amino acid residues with a molecular weight of 64.50kDa, 

at 2.5 A resolution, Disheveled (PDB ID 6ZC7) consists of 190 amino acid residues 

with a molecular weight of 64.50kDa, at 1.48 A resolution. Cyclin D1(PDB ID 

5VZU) consists of 1308 amino acid residues with a molecular weight of 150.14kDa at 

2.70A resolution, which were retrieved from the protein data bank. Using Discovery 

Studio, non-receptor molecules, including water, were removed from these protein 

structures, and the data was saved in PDB format and the crystallographic structure. It 

was given in Figure 5.1.1 A, B, C, D, E, F. 

 

 

http://www.rcsb.org/pdb
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Figure 5.1.1 (A) Wnt 5a, (B) Frizzled1, (C) LRP5/6, (D) β-catenin, (E) Disheveled 

(F) Cyclin D1 3-D structure of selected target proteins from Wnt/β-catenin 

signaling pathway 

 
 

5.2 Screening of Bioactive Molecules:  
 

Retrieval of the chemical structure of bioactive molecules from PubChem and 

NPACT 

 

Our study is based on a literature review; the structures of bioactive 

compounds from Mucuna pruriens plant seeds were obtained in SDF format from the 

PubChem database and converted to PDB format. Table 5.2.2 and Figure 5.2 .2 A, 

B,C, D, E,F, G,H show the bioactive compound and its 3D structures.  

Table 5.2.2 Biomolecule from seeds of Mucuna pruriens 

 

Sl. 

No 

Compound name Family PubChem 

ID 

Molecular 

weight 

1 L-Dopa Amino acid 6047 197.19g/mol 

2 Glutathione Amino acid 124886 307.33 

3 Lecithin Fat 823 258.23 

4 Gallic acid Phenolic acid 370 170.12 

5 Β-sitosterol Plant sterol 222284 414.7 

6 6-methoxyharman Carbolines 135053166 263.29 

7 Stearic acids Saturated fatty acid 18962935 540.9 

8 Oleic acids Fatty acid 23665730 304.4 

9 Linoleic acids Organic compound 5282798 280.4 
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Figure 5.2.2 A) L-Dopa, B) Β-sitosterol, C) Glutathione, D) 6-methoxyharman E) 

Gallic acid F) Stearic acids G) Lecithin, H) Oleic acid 3-D structure of selected 

biomolecule from Mucuna pruriens 

 

  

A B C 

D E F 
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5.3 Analysis of Drug Likeness Properties 

 

Table 5.3.1 ADME/T of selected bioactive compounds from Mucuna pruriens 

 

S. 

No 

compound 

Name 

Molecular 

weight 

(g/mol) 

Rotatable 

bonds 

Hydrogen 

bond 

acceptor 

Hydrogen 

bond 

donor 

Lipinski 

Rule 

Violat

ion 

1 L-Dopa 197.19 3 5 4 yes 0 

2 Glutathione 307.33 11 7 5 yes 0 

3 Lecithin 258.23 8 6 3 Yes 0 

4 Gallic acid 170.12 1 5 4 Yes 0 

5 Β-sitosterol 414.7 6 1 1 yes 1 

6 6-methoxy 

harman 

263.29 4 4 0 yes 0 

7 Stearic acids 540.9 30 4 2 No 2 

8 Oleic acids 304.4 15 2 0 yes 1 

9 Linoleic 

acids 

280.4 14 2 1 yes 1 

 

Table 5.3.1 shows the calculated ADMET properties of bioactive compounds 

of Mucuna pruriens and standard drugs used in pulmonary hypertension treatment. It 

was predicted that eight bioactive molecules obey Lipinski’s rule. The selected active 

physicochemical properties included a molecular weight of <500, an H-bond donor 

(HBD), an H-bond acceptor (HBA), a total number of rotatable bonds <10 (TNRB), a 

total polar surface area of <140 (TPSA), and an atomic molar refractivity of 42–130 

(AMR). These properties are significant because they influence the drug’s ability to 

interact with biological targets, its solubility, and its ability to cross cell membranes. 

The SWISS ADMET tool was used to evaluate these properties. These molecules 

demonstrated no violation of the rules. 

 

5.4 Molecular Interaction Study: 
 

Molecular docking predicts low binding energy confirmation. The inbuilt glide 

criteria for docking analysis were used. (Table 5.4.1 &Figure 5.4.1). Gallic acid, β-

sitosterol, and L-dopa showed low binding energy with an efficient docking complex 
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compared to other bioactive molecules. Gallic acid interaction energy of -16.557 

kcal/mol inhibition energy of -4.131 kcal/mol. The residues Thr89, Asn87, Arg295, 

Phe290, and Gly291 formed van der Wals interactions with Wnt5a. β--Sitosterol has 

an interaction energy of -35.076 kcal/mol and an inhibition energy of -5.246 kcal/mol. 

The residue Asp294, Arg295, Thr292, Pro283, Gly291, Phe290, Asn87 formed van 

der Wals interactions with Wnt3a.  

 

With Frizzeled1, Gallic acid has an interaction energy of -29.214 kcal/mol and 

an inhibition energy of -7.041 kcal/mol. The residues Met309, Leu308, Tyr310, 

Phe311, Arg562, Asp471, Leu473, Phe603 formed van der Wals.  β-sitosterol has an 

interaction energy of -28.091 kcal/mol and an inhibition energy of -4.728 kcal/mol. 

The residue Asp471, Arg562, Tyr607, Phe603, Pro538, Leu473, Phe311, Gly470, 

Val472, Arg562, formed van der Wals interactions with Frizzeled1.  

 

With LRP5/6, Gallic acid has an interaction energy of -20.746 kcal/mol, 

inhibition energy of -5.101 kcal/mol, and β-sitosterol has an interaction energy of -

31.582 kcal/mol inhibition energy of -2.339 kcal/mol. The residueThr393, Asn426, 

Cys466, Ser425, His470, Asp390, Ser389, Asn387, Arg386, interacted.  

 

With β catenin, Gallic acid has an interaction energy of -20.746 kcal/mol and 

an inhibition energy of -5.101 kcal/mol. Lys354, Asp390, Asn426, Arg386, and 

Asn387 formed van der Wals interactions with β-sitosterol. β --sitosterol has an 

interaction energy of -31.582 kcal/mol and an inhibition energy of -2.339 kcal/mol. 

Thr393, Asn426, Cys466, Ser425, His470, Asp390, Ser389, Asn387, and Arg 386 

formed van der Wals interactions with β--catenin. With disheveled, Gallic acid has an 

interaction energy of -34.18 kcal/mol and an inhibition energy of -8.559 kcal/mol. 

Gly1070, Asp1068, His1065, Lys1121, Pro1086, and Asp1063 formed van der Wals 
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interactions with Disheveled. β--Sitosterol has an interaction energy of -50.81 

kcal/mol and an inhibition energy of -6.111 kcal/mol. The residue Thr248, Gly253, 

Leu284, Tyr159, His236, Lys199, and Arg87 formed van der Wals interactions with 

Disheveled.  

 

With Cyclin D1, Gallic acid has an interaction energy of -46.299 kcal/mol and 

an inhibition energy of -7.387 kcal/mol. Gly1079, Asp1068, His1065, Pro1086, and 

Lys1121 formed van der Wals interactions with CylinD1. β--Sitosterol has an 

interaction energy of -69.119 kcal/mol and an inhibition energy of -8.711 kcal/mol. 

The residue Glu253, Thr248, Leu284, Tyr159, His236, Lys199, Arg87 formed van 

der Wals interactions with CyclinD1 these tables and figures are given in Table 5.4 

and Figure 5.4.1 1A, 1B, 1C, 2A, 2B, 2C, 3A, 3B, 3C, 4A, 4B, 4C, 5A, 5B, 5C, 6A, 

6B,6C 
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S. 

No 

Compound 

Name 

Docking Score 

Kcal/mol unit 

Glide energy 

Kcal/mol unit 

Wnt5a Frizzled 1 

Receptor 

LRP 

5/6Recep

tor 

β--

catenin 

Dishe

veled 

Cyclin 

D1 

Wnt5a Frizzled 1 

Receptor 

LRP 

5/6Recep

tor 

β--

catenin 

Dishe

veled 

Cyclin 

D1 

1 Gallic acid -5.101 -5.291 -7.041 -4.131 -8.559 -7.387 -20.746 -22.691 -29.214 -16.557 -34.18 -46.299 

2 β sitosterol -2.339 -3.183 -4.782 -5.246 -6.111 -8.711 -31.582 -29.969 -31.606 -35.076 -50.81 -69.119 

3 L-Dopa -4.015 -5.679 -6.056 -4.361 -6458 -6.860 -22.437 -26.231 -28.091 -22.97 -30.60 -53.964 

4 Glutathione -2.339 -3.183 NR NR -2.821 -4.674 -23.907 -29.536 NR NR -28.14 -44.202 

5 Lecithin 0.72 -2.869 -0.72 -3.649 -6.823 -6.858 -30.625 -37.063 -26.136 -23.887 -42.12 -48.068 

6 Linolic acid -1.604 0.874 -1.22 -0.622 -3.585 -5.848 -26.401 -23.747 -30.087 -26.875 -33.73 -37.796 

7 Steoric acid 0.72 -0.74 -0.148 -2.257 -3.460 -6.007 -23.642 -32.085 -29.187 -22.096 -38.93 -37.491 

8 Oleic acid 0.927 1.06 0.141 -1.266 -2.962 -7.494 -25.804 -26.877 -27.735 -26.69 -32.72 -47.294 

 

Table 5.4.1 Multiple docking interaction of selected target proteins from Wnt signaling pathway  

with bioactive molecules from M. purines.
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DOCKING RESULTS: 
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DOCKING RESULTS: 
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DOCKING RESULTS: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.4.1 Multiple docking interaction of selected target proteins from Wnt 

signaling pathway with bioactive molecules from M. purines.1A) Docking of Wnt5a 

with Gallic acid 1B) Docking of Wnt5a with β-sitosterol 1C) Docking of Wnt5a with 

L-Dopa. 2A) Docking of Frizzled 1 with Gallic acid 2B) Docking of Frizzled 1 with 

β-sitosterol 2C) Docking Frizzled 1 with L-Dopa. 3A) Docking of LRP 5/6with Gallic 

acid 3B) Docking of LRP 5/6with β-sitosterol    3C) Docking of LRP 5/6 with L-

Dopa.4A) Docking of β-catenin with Gallic acid 4B) Docking of β-catenin with β-

sitosterol 4C) Docking of β-catenin with L-Dopa. 5A) Docking of Disheveled with 

Gallic acid 5B) Docking of Disheveled with β-sitosterol   5C) Docking of Disheveled 

with L-Dopa.6A) Docking of CyclinD1 with Gallic acid 6B) Docking of CyclinD1 

with β-sitosterol   6C) Docking of CyclinD1with L-Dopa. 

5C 5B 5A 

6C 
6B 6A 
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5.5 MD Simulation 

 

Desmond package of Schrodinger was used for MD simulations of the best-

docked target proteins. This study used a docked β-catenin complex with gallic acid 

for MD simulation after molecular docking. Out of the top three biomolecules (Gallic 

acid, L-dopa, and beta-sitosterol), gallic acid was used, and β-catenin is a key 

regulator for the pathway. Evaluation of the positional and structural changes of the 

inhibitor molecule near the protein binding site, which provides insight into the 

stability of the ligand-protein complex, was the primary goal of the MD simulation 

study. The Root Mean Square Deviation (RMSD) calculates the average displacement 

change of a set of atoms for a given frame concerning a reference frame. This process 

is applied to each simulation trajectory frame.  

 

Figure 5.5.1A shows that The RMSD evolution of a protein is depicted in the 

simulation of the β-catenin protein; the initiation of individual proteins in the 

trajectory was found to be from 3.5 Å RMSD.  

 

  

Figure 5.5.1A Protein RMSD Graph of β catenin with gallic 

acid 
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Figure 5.5.1B indicates that the protein-ligand complex was determined to be 

between 3 Å RMSF in simulation analysis. The protein complex at 50 ns had 3.5 Å 

RMSF, but by 100 ns, it stabilized to an RMSD value of approximately 4.5 Å.  

                                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5.1B Protein-ligand RMSF plot 

 

During the simulation, protein-ligand interactions might be seen. Figure 

5.5.1C reveals that Protein-ligand contacts (or ‘contacts') may be classified into four 

different classes, as displayed in the plot: hydrogen bonds, hydrophobic, ionic, and 

water bridges, and each kind of interaction is further composed of more specific 

types, which could be evaluated in the ‘Simulation Interactions Diagram’ panel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5.1C   Protein-ligand interactions. 



 Page 80 

 

Figure 5.5.1D illustrates A complete diagram illustrating ligand atom interactions 

with protein residues. Interactions occurring greater than 30.0% of the time in the 

chosen trajectory (0.00 through 100 ns) are presented. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5.1D Protein-ligand interactions 

 

5.6 (MM-GBSA) Analysis. Molecular Mechanics Generalized Born 

Surface area.  
 

Table 5.6.1 Binding free energies (KCalmol-1) of β-catenin gallic acid along with 

individual energy components (KCalmol1) contribution 

Name of 

target 

ΔG Bind 

value 

KCalmol
-1

 

ΔG 

Coulomb 

KCalmol
-1

 

ΔG 

Covalent 

KCalmol
-1

 

ΔG H 

bond 

KCalmol
-1

 

ΔG Lipo 

KCalmol
-1

 

ΔG Solv 

GB 

KCalmol
-1

 

ΔG vdW 

KCalmol
-1

 

β catenin 

gallic 

acid 

-15.07 -22.52 4.037 -1.132 -8.574 30.20 -19.53 

 

Table 5.6.1 indicates that in a simulation study, the free binding energies for the best-

docked protein-ligand complexes were estimated using the MM-GBSA analysis in the 

Prime module of the Schrodinger software. The values regarding ΔG Bind, the 

binding free energy for β-catenin, and gallic acid complex interactions were 

determined. Contributing energies in DG Bind calculation are Coulomb/Electrostatic 

energy (ΔG Coulomb), Covalent bond energy (ΔG Covalent), Hydrogen bond energy 

(ΔG H bond), Nonpolar salvation energy (ΔG Lipo), Polar solvation energy (ΔG Solv 

ΔB) and van der Waals energy (ΔG vdW). All values of energies calculated from 

MM-GBSA analysis are stated. 
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5.7 In-silico Result Discussion  
 

Pulmonary artery hypertension (PAH) is a rare, progressive, and devastating 

disease characterized by increased pulmonary pressure and right heart failure.  Key 

features in PAH are the progressive loss of small vessels and the proliferation of 

smooth muscle in the medial layer, resulting in luminal obliteration and an increase in 

pulmonary vascular resistance (Bachheti et al., 2022). Since none of the existing 

treatments for PAH have been demonstrated to accelerate angiogenesis or reduce 

already-present medial thickening, the condition progresses and eventually results in 

treatment failure. The discovery of disease-modifying agents to treat PAH may be 

aided by modulating Wnt signaling because of its recognized function in controlling 

angiogenesis and cell proliferation (Tarapore et al., 2012). Mucuna pruriens is a 

legume native to southeast Asia, particularly India. Mucuna pruriens has been widely 

used in India for over three thousand years. It has many actions, including 

antiparkinsonian, neuroprotective, aphrodisiac, and antiepileptic, apart from its use in 

cardiovascular diseases. (Parvatikar et al., 2023). 

 

It has been reported that mutation of Wnt/ β-catenin pathway signaling genes 

like FZD and LRP5 result in defective vasculogenic, and the present in silico study 

also indicated that gallic acid, beta-sitosterol and L-dopa, which are bioactive 

compounds of Mucuna pruriens were found to be well docked with all six proteins of 

Wnt/β-catenin signaling pathways that include FZD, LRP5, etc (Su et al., 2013).  

To screen potential bioactive molecules of Mucuna pruriens that can target 

Wnt5a, Frizzled, LRP 5/6, β-catenin, Disheveled, and cyclinD1 targeting the Wnt/β-

catenin pathway, the present study used an in-silico analysis based on the molecular 

interaction studies. Different pharmacological properties of the biomolecule of 

Mucuna pruriens were investigated to analyze in silico ADME/T properties. Docking 
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analyses were further performed to evaluate the interaction of biomolecules with 

target proteins of the Wnt/ β -catenin pathway (Wnt5a, Frizzled, LRP 5/6, β -catenin, 

Disheveled, CyclinD1.  

 

This study showed that different pharmacological properties of biomolecules 

of Mucuna pruriens are in order according to their ADME/T properties. The Lipinski 

filter was typically used to analyze the ADMET ligands derived from the seeds of the 

Mucuna pruriens plant. For molecular docking analysis, interaction energy score was 

used to select the best-docked complex among biomolecules of Mucunna pruriens 

with Wnt5a, Frizzeled1, LRP5/6, β -catenin, Disheveled and CyclinD1 proteins 

involved in Wnt /β -catenin pathway (Tarapore et al., 2012). The Gallic acid, β-

sitosterol, and L-dopa showed the best interaction energy score compared to the other 

ligands. Molecular docking analysis further revealed that gallic acid, β -sitosterol, and 

L-dopa are also the best-docked bioactive compounds of Mucuna pruriens.  

 

MD simulation on gallic acid was performed for 100ns to determine stability 

and conformational changes in the target protein when interacting with biomolecules. 

The RMSD and RMSF plot results indicated that gallic acid’s binding to the protein 

stabilized it without causing structural changes. Although there were initially many 

random fluctuations, no conformational flipping was seen throughout the simulation. 

It eventually became entirely satisfactory and stable within 100 ns MD simulation.  

The overall analysis of the present study by molecular docking and MD 

simulation hypothesized that gallic acid, β -sitosterol, and L-Dopa of Mucuna 

pruriens have good binding potential and may be considered therapeutic inhibitors 

against pulmonary vascular diseases (Khaparkhuntikar et al., 2023). 
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5.8 Phytochemical Extraction Result 

 

5.8.1 Collection of seeds 

 

Mucuna pruriens seeds are authenticated by Dr. Vidyalaxmi Pujari, Associate 

professor and authentification officer department of Dravyaguna BLDE Association 

of AVS Ayurveda Maha Vidyalaya Vijayapura Karnataka. The plant specimen 

reference no (Mucuna pruriens DC 10/25) and voucher Number is 2257.  

 

5.9 Mucuna Pruriens Seed Extract Yield 

 

A 20 gm sample of Mucuna pruriens seed powder yielded 1350 mg (1.35gm) 

of a reddish-brown extract upon extraction. This extract was subsequently dried and 

stored for further analysis. Phytochemical screening revealed the presence of various 

compounds, including phenolics, flavonoids, tannins, carbohydrates, starch, proteins, 

and micronutrients. 

 

5.10 Isolation and Identification of Bioactive Molecules  
 

5.10.1 Quantification of Gallic acid by HPLC 

 

High-performance liquid chromatography (HPLC) was employed to 

quantitatively determine gallic acid in Mucuna pruriens seed extract. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5.10.1A Chromatogram of Standard Gallic acid at different 

concentrations. 
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Figure 5.10.1A shows the chromatogram of the standard gallic acid at different 

concentrations. I got confirmation from the other concentrations of standard gallic 

acid processed in the HPLC instrument by setting 280nm wavelength, processed 

under the HPLC quantification by setting standard gallic acid and extracted sample 

with around 370nm mobile phase methanol and water using stationary phase Silica 

powder filled in C18 carbon I have confirmed with by running different concentration 

of standard and plant extraction with covered intensity of area uVsec. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.10.1 B Calibration Curve of Gallic acid 

 

Figure 5.10.1B shows that A calibration curve was constructed by plotting the 

integrated peak areas against the corresponding concentrations of the gallic acid 

standard. The calibration curve exhibited excellent linearity, as evidenced by an R² 

value of 0.998, indicating a strong correlation between the standard and sample mean 

 

 

 

 

 

 

 

 

 

 

Figure 5.10.1 C Chromatogram of Gallic acid present plant extract 
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Figure 5.10.1C shows the presence of gallic acid in Mucuna pruriens plant seed 

extract, and the gallic acid concentration in the Mucuna pruriens seed extract was 

determined by comparing its peak area to the established calibration curve. The 

extract contained 54.625 µg/mL gallic acid at a retention time of 2.75, and the 

intensity of the area is covered by 45918 μV.sec, which was given in table 5.8.1 

 

Sl. 

No 

Retention 

Time (RT) 

Intensity 

Area(μV.sec) 

Quantity 

(μg/ml) 

1 2.75 459158 54.625 

 

5.10.2 Flash Chromatography of Gallic Acid 

 

 
              

Figure 5.10.2 A CombiFlash Rf200i flash chromatography 

 

The CombiFlash Rf 200i flash chromatography system separates gallic acid in Figure 

5.10.2 A. The x-axis is presented as run length (in minutes). The y-axis has two 

components: absorbance in arbitrary units (AU) and the percentage of solvents used 

during gradient elution. The gradient elution loading type is solid, and the solvents 

used are Methanol and Water. The flow rate is 18ml/min, and the overall run length is 

30.9 minutes. Gallic acid is collected in different fractions, and the concentration of 

gallic acid is 12μg/100gm was collected. 
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5.10.3 Quantification of β –sitosterol by HPLC 

                                                       

 

Figure 5.10.3A Chromatogram of Standard β –sitosterol  

at different concentrations. 

 

 

 

 

 

 

                       Figure 5.10.3A standard β –sitosterol chromatogram  

 

Figure 5.10.3A shows the standard β –sitosterol chromatogram at different 

concentrations. I got confirmation from the different concentrations of standard β –

sitosterol processed in the HPLC instrument by setting 280 nm wavelength, processed 

under the HPLC quantification by setting standard β –sitosterol and extracted sample 

with around 370nm mobile phase methanol and water using stationary phase silica 

Powder filled in C18 carbon I have confirmed with by running different concentration 

of standard and plant extraction with covered intensity of area uVsec.  

 

 

             

 

 

 

 

 

 

 

 

Figure 5.10.3 B Calibration Curve of β –sitosterol 
 

S. 

No 

Concentration 

μg/ml 

Intensity 

Area 

(μV.sec) 

1 12.5 97579 

2 25 823356 

3 50 289788 

4 100 937534 

5 200 1939056 
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Figure 5.10.3 B shows that A calibration curve was constructed by plotting the 

integrated peak areas against the corresponding concentrations of the β –sitosterol 

standard. The calibration curve exhibited excellent linearity, as evidenced by an R² 

value of 0.998, indicating a strong correlation between the standard and sample mean 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.10.3 C Chromatogram of β –sitosterol present plant extract 

 

 

Figure 5.10.3 C shows the presence of gallic acid in the Mucuna pruriens plant seed 

extract, and the β –sitosterol concentration in the Mucuna pruriens seed extract was 

determined by comparing its peak area to the established calibration curve. The 

extract contained 48.415 µg/mL. 

 

Sl.  

No 

Retention 

Time (RT) 

Intensity 

Area(μV.sec) 

Quantity 

(μg/ml) 

1 2.75 459158 48.415 
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5.10.4 Flash Chromatography of β –sitosterol 
 

               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.10.4 A CombiFlash Rf200i flash chromatography 

 

The CombiFlash Rf200i flash chromatography system separates gallic acid in 

Figure 5.10.4A. The x-axis is presented as run length (in minutes). The y-axis has two 

components: absorbance in arbitrary units (AU) and the percentage of solvents used 

during gradient elution. The gradient elution loading type is solid, and the solvents 

used are Methanol and Water. The flow rate is 20ml/min, and the overall run length is 

38.3 minutes. β-sitosterol is collected in different fractions, and the concentration of 

β-sitosterol is 10μg/100 gm. 
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5.11 Phytochemical Extraction Discussion 

 

Cerebrovascular disorders have traditionally been treated with medicinal 

plants for decades. Such practices are prevalent in traditional medical systems, 

notably the centuries-old Indian medical system Ayurveda. According to 

(Tangsrisakda et al., 2022), phytochemicals have been credited with combating these 

disorders. Such biomolecules were shown to regulate different pathways, such as 

inflammation and oxidative stress, that operate in the pathophysiology of the 

pulmonary arteries. Therefore, phytochemicals are natural, cheap, safer, and better 

alternatives than synthetic drugs.  

 

The plant Mucuna pruriens is widely used in Ayurvedic medicine and is 

known as the velvet bean (Pathania et al., 2020). Growing in tropical and subtropical 

regions of the world, it is extensively cultivated in the eastern states of India, owing to 

its status as a leguminous (Kamkaen et al., 2022). There have been numerous studies 

establishing its therapeutic effects such as anti-Parkinsonism, antidiabetic, 

antioxidant, antibacterial, antiepileptic, antineoplastic, improving male fertility, and 

aphrodisiac (Rane et al., 2019) (Theansungnoen et al., 2022). Since the Vedic period, 

Mucuna pruriens has been used in Ayurveda for its treatment of various disorders of 

the nervous system (Rane et al., 2019; Kamkaen et al., 2022).  

 

In our research, the qualitative analysis of the phytochemicals from Mucuna 

pruriens seed extract revealed the presence of several biomolecules like Alkaloids, 

Flavonoids, Terpenoids, Steroids, Tannins, Saponins and Glycosides.  

 

Molecular docking studies revealed L-DOPA, gallic acid, and β-sitosterol to 

have the best binding affinities with the target proteins. These results suggest that 

these compounds might bind to these important biomolecular targets, providing 



 Page 90 

 

reliance on their pharmacological importance. HPLC was used to identify and 

quantify these biomolecules isolated and purified from Mucuna pruriens seed extract. 

These were separated and purified by Flash chromatography. Amount of gallic acid 

was 12μg/100gm, and β-sitosterol was 10μg/100 gm.  

 

Findings by Parvatikar et al., 2023 state that predominant constituents of 

Mucuna pruriens seed extract include L-DOPA and β-sitosterol, which are isolated 

and purified by HPLC and Flash chromatography.  
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INVITRO RESULT 

 

5.12 Result from Seeding of the cells or Culture of cells: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.12.1 Normoxia cells observed under Microscope 

 

Fig 5.12.1 Shows that Pulmonary artery smooth muscle cells, when cultured in 

Normoxia condition, exhibited a characteristic spindle-shaped morphology, often 

described as elongated with a centrally located Nucleus. 

 

5.13 MTT Assay Result 

 

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 

assay is a widely utilized colorimetric method for evaluating cellular viability, 

proliferation, and cytotoxicity across a variety of in vitro cell line models. This 

technique is predicated on converting the yellow tetrazolium compound, MTT, into a 

purple formazan product, a process catalyzed by the mitochondrial enzymes in 

metabolically active cells.  

 

The IC50 value represents the concentration required to inhibit 50% of cell 

viability, a critical parameter for assessing the cytotoxic potential of chemical 

compounds or extracts. In this study, the cytotoxicity of three substances, β-sitosterol, 

plant crude extract, and gallic acid—was evaluated on the HPASM (Human 

Pulmonary Artery Smooth Muscle) cell line using the MTT assay.  
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The HPASMC are treated with biomolecules from higher concentration to 

lower concentration. β-Sitosterol showed the highest cytotoxicity among the tested 

substances, with an IC50 value of 33.7. ± 14.33 μg/mL, indicating the lowest 

concentration required to achieve 50% cell death. The moderate cytotoxicity of the 

plant crude extract was characterized by an IC50 value of 65.96. ± 0.72 μg/mL; the 

cytotoxicity of gallic acid was just slightly higher than that of the plant crude extract, 

having an IC50 value of 58.54. ± 0.84 μg/mL. This indicates that β-sitosterol is the 

most potent cytotoxic agent among the three substances tested and is followed by 

gallic acid and plant crude. The significantly lower IC50 value exhibited by β-

sitosterol may highlight its more substantial inhibition of the HPASM cell line and 

possibly make it a lead compound worth investigating further for anticancer or 

cytotoxic studies. 
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MTT ASSAY RESULTS  
 

β-sitosterol 
Concentr

ation 

ug/ml 

Cell 

viability 

% 

SD 

200 33.25 1.38 

100 38.22 2.44 

50 49.14 4.14 

25 59.37 0.31 

12.5 70.32 3.96 

6.25 77.12 2.3 
 

IC50 value SD 

33.71 4.33 

 

Plant crude extract 
Concentr

ation 

ug/ml 

Cell 

viability 

% 

SD 

200 46.16 1.2 

100 52.7 0.17 

50 74.93 1.63 

25 80.22 0.03 

12.5 86.74 0.74 

6.25 92.08 0.63 
 

IC50 value SD 

65.96 0.721673 

 

Gallic acid 
Concentr

ation 

ug/ml 

Cell 

viability 

% 

SD 

200 44.16 0.35 

100 49.27 3.4 

50 65.23 0.38 

25 73.13 1.91 

12.5 77.61 3.36 

6.25 83.709 2.48 
 

IC50 value SD 

58.54 0.841457 
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5.13.1A MTT ASSAY RESULTS OF COMPOUND β-SITOSTEROL 

 

 

 

 

 

 

 

 

 

 

 

 

 

β-sitosterol 200 µg/ml     β-sitosterol 25 µg/ml 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

β-sitosterol 100 µg/ml     β-sitosterol 12.5 µg/ml 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

β-sitosterol 50 µg/ml     β-sitosterol 6.5 µg/ml   
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5.13.1B MTT ASSAY RESULTS OF COMPOUND PLANT CRUDE 

EXTRACT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plant Crude Extract 200 µg/ml    Plant Crude Extract 25 µg/ml 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plant Crude Extract 100 µg/ml    Plant Crude Extract 12.5 µg/ml 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plant Crude Extract 50 µg/ml    Plant Crude Extract 6.5 µg/ml   
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5.13.1C MTT ASSAY RESULTS OF COMPOUND GALLIC ACID 

 

 

 

 

 

 

 

 

Gallic Acid 200 µg/ml    Gallic Acid 25 µg/ml 
 

 

 

 

 

 

 

 

 

Gallic Acid 100 µg/ml     Gallic Acid 12.5 µg/ml 
 

 

 

 

 

 

 

 

 

Gallic Acid 50 µg/ml      Gallic Acid 6.5 µg/ml  
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5.14 Microscopic Changes of the Human Pulmonary Artery Smooth 

Muscle Cell Line Exposed to hypoxia (5% Oxygen) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.14.1A shows that when human pulmonary artery smooth muscle cells 

(HPASMCs) were cultured under normoxic conditions (21% oxygen, 74% nitrogen, 

and 5% carbon dioxide), they displayed a characteristic spindle-shaped morphology. 

The cells were elongated, with a centrally located nucleus, reflecting their typical 

phenotype under physiological oxygen levels. This morphology is commonly 

associated with a quiescent state and the functional integrity of smooth muscle cells 

within the pulmonary artery.  

 

Fig 5.14.1B shows that significant microscopic alterations were observed in these 

cells upon exposure to hypoxic conditions (5% oxygen, 90% nitrogen, and 5% carbon 

dioxide) for 48 hours. An increase in cell size characterizes hypoxia-induced 

pronounced cellular hypertrophy. This hypertrophy was accompanied by structural 

reorganization, most notably the formation of prominent stress fibers within the 

cytoplasm. The cells displayed significant alterations in their shape, becoming less 

spindle-like and adopting a more irregular and massive approach. Such structural 

changes indicated a hypoxia-induced phenotypic transition of the cells to adjust to the 

changed microenvironment. The formation of stress fibers implies that, under 

Fig 5.14.1A   Cell cultured in Normoxia Fig 5.14.1B   Cells exposed to Hypoxia  
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hypoxia, there was cytoskeletal remodeling, an essential aspect of cellular responses. 

Such remodeling is vital for the integrative role of these cells in vascular remodeling, 

focusing on the pathophysiology of hypoxia-induced pulmonary hypertension in 

particular. In addition, these modifications may have further activated the contractile 

capacities of the HPASMCs, allowing for more effective contributions to smooth 

muscle contraction and, ultimately, vascular tone under hypoxic circumstances. 

  

5.15 Result of Gene Expression Studies 

 

5.16 Effect of Hypoxia on the expression Wnt/β-catenin signaling 

pathway molecules (Wnt5a/β-catenin/cyclin D1) 
 

In this research, we examined the expression of the key pathway components 

Wnt5a/β-catenin/cyclin D1 under normoxia and after exposure to hypoxia to explore 

the role of the Wnt/β-catenin signaling pathway in the hypoxia-induced proliferation 

of human pulmonary artery smooth muscle cells (PASMCs). 

 
 

 

Fig 5.16.1A. An Expression of Wnt5a in human PASMCs was analyzed under 

normoxia and hypoxia by real-time RT-PCR (b) (n = 4). Values are means ± SE, 

and P > 0.157 are insignificant. 
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Fig. 5.16.1A Wnt5a pathway molecules. To determine if Wnt5a signaling is required 

for hypoxia-induced proliferation of human PASMCs, the expression of Wnt5a 

pathway molecules was analyzed after hypoxia treatment. As indicated in Fig. 

5.13.1A, hypoxia (5% O 2, 48 h) reduced Wnt5a mRNA expression levels. These 

findings suggest that hypoxia inhibits Wnt5a expression. 

 

           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.16.1B: Expression of β-catenin in human PASMCs was analyzed under 

normoxia and hypoxia by real-time RT-PCR (b) (n = 4). Values are means ± SE, 

* P < 0.05 are significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.16.1C: Expression of CyclinD1 in human PASMCs was analyzed under 

normoxia and hypoxia by real-time RT-PCR (b) (n = 4). Values are means ± SE, 

* P < 0.05 are significant. 
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As shown in Fig. 5.10B, C hypoxia (5% O 2, 48 h) increased β-catenin and 

CyclinD1 mRNA expression levels. The inhibitory effect of hypoxia on Wnt5a 

expression suggested that Wnt5a may play an inhibitory role in hypoxia-induced 

PASMC proliferation, potentially mediated through its interaction with β-catenin.  

 

5.17 Result of Wnt5a gene expression in hypoxia-exposed cells 

treated with bioactive molecules of Mucuna pruriens seed 
 

 

 

 

 

 

 

 

 

 

 

 

Table 5.17.1 Wnt5a gene expression in hypoxia-exposed cells treated with 

bioactive molecules of Mucuna pruriens seed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.17.1 BS (β-sitosterol), CE (Crude extract), and GA (Gallic acid) 

Superscripts a and c indicate a significant difference between groups. ‘a’ depicts 

a comparison with Group 1, ‘and ‘c’ depicts a comparison with  

Group 3. *P=0.05 is significant. 
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Table 5.17.1 and figure 5.17.1 illustrate the effects of biomolecules derived from 

Mucuna pruriens seed extract (β-sitosterol, gallic acid, and plant crude extract) on 

Wnt5a mRNA expression in human pulmonary artery smooth muscle cells under 

hypoxic conditions. The data demonstrate that exposure to hypoxia led to a reduction 

in Wnt5a mRNA expression. However, treatment with β-sitosterol at lower 

concentrations (25μg/ml) significantly upregulated Wnt5a mRNA levels, 

counteracting the hypoxia-induced suppression. Similarly, treatment with the crude 

Mucuna pruriens seed extract at higher concentrations(50μg/ml) also significantly 

increased Wnt5a mRNA expression. These findings suggest a concentration-

dependent modulation of Wnt5a mRNA expression by the bioactive components of 

Mucuna pruriens seed extract in HPASMCs under hypoxic conditions. The observed 

upregulation of Wnt5a by β-sitosterol and the crude extract may indicate a potential 

protective or compensatory mechanism against the effects of hypoxia on Wnt 

signaling in these cells. 

 

5.18 Result of β catenin expression in hypoxia-exposed cells treated 

with bioactive molecules of Mucuna pruriens seed  

 

 

 

 

 

 
 

 

 

 

Table 5.18.1 β catenin expression in hypoxia-exposed cells treated with bioactive 

molecules of Mucuna pruriens seed  
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Figure 5.18.1 BS (β-sitosterol), CE (Crude extract), GA (Gallic acid) 

Superscripts a and c indicate a significant difference between groups. ‘a’ depicts 

a comparison with Groups 1,2 and 7, ‘and ‘b’ depicts a comparison with Groups 

4 and 5. *P=0.05 are significant 

 

Table 5.18.1 and Figure 5.18.1 illustrate the effects of bioactive molecules derived 

from Mucuna pruriens seed extract (β-sitosterol, gallic acid, and plant crude extract) 

on β catenin mRNA expression in human pulmonary artery smooth muscle cells 

under hypoxic conditions. The data demonstrate that exposure to hypoxia led to an 

increase in β catenin mRNA expression. However, treatment with β-sitosterol at lower 

concentrations (25μg/ml) significantly downregulated β catenin mRNA levels; 

similarly, treatment with the crude Mucuna pruriens seed extract at higher 

concentrations(50μg/ml) also considerably decreased β catenin mRNA expression. 

These findings suggest a concentration-dependent modulation of β catenin mRNA 

expression by the bioactive components of Mucuna pruriens seed extract in 

HPASMCs under hypoxic conditions.  
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5.19 Result from Cyclin D1 gene expression in hypoxia-exposed cells 

treated with bioactive molecules of Mucuna pruriens seed  
 

 

 

 

 

 

 

 

 

 

Table 5.19.1 Cyclin D1 gene expression in hypoxia-exposed cells treated with 

bioactive molecules of Mucuna pruriens seed  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.19.1 BS (β-sitosterol), CE (Crude extract), GA  

(Gallic acid) P=0.78 are insignificant 

 

Table 5.19.1 and Figure 5.19.1 illustrate the effects of bioactive molecules derived 

from Mucuna pruriens seed extract (β-sitosterol, gallic acid, and plant crude extract) 

on CyclinD1 mRNA expression in human pulmonary artery smooth muscle cells 

under hypoxic conditions. The data demonstrate that exposure to hypoxia led to an 

increase in CyclinD1 mRNA expression.  

However, treatment with β-sitosterol at lower concentrations (25μg/ml) 

significantly downregulated CyclinD1 mRNA levels; similarly, treatment with the 
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crude Mucuna pruriens seed extract at higher concentrations (100μg/ml) also 

considerably decreased CyclinD1mRNA expression. These findings suggest a 

concentration-dependent modulation of CyclinD1 mRNA expression by the bioactive 

components of Mucuna pruriens seed extract in HPASMCs under hypoxic conditions. 
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5.20 Invitro Discussion 

 

The present study used human pulmonary artery smooth muscle cells 

(HPASMC) cultured under normoxic conditions (21% oxygen). Subsequently, the 

cells were treated with hypoxia conditions (5% oxygen) to study the expression of 

Wnt 5a, β-catenin, and cyclin D1 in both normoxia and hypoxia because these are key 

components of the signaling pathway of Wnt/β catenin. β-catenin is acting as one of 

the major regulators in this pathway.  

 

Our study shows that during hypoxia, there is downregulation of Wnt 5a gene 

expression and upregulation of both beta-catenin and cyclin D1 gene expression in 

HPASMC. Through the beta-catenin pathway, Wnt5a prevents human PASMCs from 

proliferating in response to hypoxia. Similar findings were recorded in a study by Yu 

et al. (2012) in which hypoxia-induced proliferation of human PASMC was observed 

along with upregulation of cyclin D1, beta-catenin, and downregulation of wnt5a.  

 

Another research by Jin et al. (2015) also suggested that hypoxic pulmonary 

hypertension goes along with the upregulation of beta-catenin/cyclin D1. In vivo, 

RmWnt5a administration improves pulmonary hemodynamic, pulmonary vascular 

remodeling, and RVH by inhibiting the β-catenin/cyclin D1 pathway.  

 

(Meng H. et al. 2024) Research showed that β-catenin stimulates glycolysis, 

and the inflammatory response in macrophages favors the development of pulmonary 

hypertension. Inhibition of β-catenin may be able to slow the growth of pulmonary 

hypertension.  
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In this research, the cytotoxicity of the bioactive compound obtained from 

Mucuna pruriens seed extract was studied with an MTT assay on HPASMCs. The 

dosages of the drug were given based on the assay results to determine the 

concentration for hypoxia-induced cells. The subsequent application of the 

biomolecule on the hypoxia-induced HPASMCs was studied at various concentrations 

concerning its effects. Our findings indicate that the bioactive components of Mucuna 

pruriens seed extract have a concentration-dependent regulatory impact on the mRNA 

expression levels of Wnt5a, β catenin, and CyclinD1 mRNA expression in HPASMCs 

under hypoxic conditions.  

 

A study by Patel S. et al., 2023 indicates altered cardiovascular physiology in 

L-NAME-treated hypertensive rats. Their analysis showed that simultaneous 

supplementation of bioactive Phyto-compound β-sitosterol was cardio-protective 

against L-NAME-induced hypertension.  

 

Another study by Parvatikar et al.,2023 findings showed that pretreatment 

with Mucuna pruriens seed extract and its particular bioactive molecule β-sitosterol 

improved the neurological deficit score, reduced ischemic brain damage and 

decreased the expression of tau protein and NMDAR genes in experimental animals 

that had cerebral ischemia brought on by LCCAO.  

 

A study by Li, J., Meng, Z et al., 2024 demonstrated that β-sitosterol may be 

an attractive agent for PH vascular remodeling by inhibiting proliferation and 

modulating the phenotypic switch in PASMCs via the DNA damage/cGAS/STING 

signaling pathway.  
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Our study demonstrated that treatment of hypoxia-exposed cells with β-sitosterol 

extracted from Mucuna pruriens seed extract modulated the expression of key Wnt 

signaling pathway gene in a concentration-dependent manner, specifically Wnt 5a 

expression was upregulated at lower concentrations(25µg/ml). In contrast, β-catenin 

mRNA expression was downregulated at the same concentration (25µg/ml). 

Additionally, cyclin D1 mRNA expression exhibited significant downregulation at 

higher concentrations (50µg/ml). These findings suggest that β-sitosterol may 

influence Wnt signaling dynamics and cell cycle regulation under hypoxic conditions.  

 

The research findings by Tumbas et al. in 2020 suggest that the aqueous leaf 

extract of Mucuna pruriens has antioxidant activity. In another similar study, it has 

also been observed that the extract has cytotoxic effects on the human carcinoma cell 

line, HeLa cells.  

A study by Chinnasamy, A. et al. 202 investigated the anticancer effect of 

ethanolic seed extract from Mucuna pruriens against human gastric cancer. Their 

findings suggest that Mucuna pruriens could be a valuable source of natural bioactive 

compounds with potential therapeutic applications.  

 

Our study found that the extract’s influence on the Wnt signaling pathway 

genes was concentration-dependent when hypoxia-exposed cells were treated with a 

plant crude extract. Notably, Wnt 5a expression was upregulated at a lower 

concentration (50 µg/ml), suggesting a possible role in noncanonical Wnt signaling. 

Conversely, at the same concentration, β-catenin mRNA expression was 

downregulated, possibly suppressing canonical Wnt signaling. In addition, there was 

also a significant reduction of cyclin D1 mRNA expression at a higher concentration 

(100 µg/ml), suggesting an effect on cell cycle regulation. These findings underscore 
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specific modulatory effects of the plant extract on Wnt signaling and potential 

pharmaceutical applications.  

 

Research by (Yan X et al., 2020) proved that giving gallic acid to mice 

substantially lowered the onset of hypertension and vascular remodeling from Ang II. 

This means that gallic acid is a novel immunoproteasome inhibitor with great 

potential to treat diseases like hypertension and vascular remodeling.  

 

A study found that Gallic acid therapy reduced ventricular dysfunction and 

fibrosis in a mouse model of pressure overload heart failure (Jin L. et al., 2018). 

Another study reported that gallic acid lowers systolic blood pressure and LVH in 

hypertensive rats by blocking Nox2 expression and oxidative stress via GATA4 

suppression (Yan, X., Zhang et al., 2020).  

As per the recent study by Kim, H. B., Hong, Et al., 2024, gallic acid can 

inhibit the proliferation and migration of vascular smooth muscle cells, reducing 

inflammation and neointimal hyperplasia in the pig-in-stent restenosis model. An 

adjunct treatment that may mitigate ISR after IC stenting is gallic acid.  

 

Our study showed the regulatory effect of gallic acid extracted from Mucuna 

pruriens seed extract on Wnt signaling pathway components in hypoxia-exposed 

cells. The result revealed a concentration-dependent modulation of gene expression. 

Treatment with gallic acid at a lower concentration (50µg/ml) resulted in a significant 

upregulation of Wnt 5a mRNA expression while concurrently downregulating β 

catenin mRNA expression at the same concentration (50µg/ml). Furthermore, a higher 

concentration of gallic acid (100µg/ml) led to a downregulation of cycling D1. These 

findings indicate that gallic acid exerts regulatory influence on the Wnt signaling 

pathway. 
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6.1 Summary and Conclusion 

 

Pulmonary hypertension is caused by changing patterns in smooth muscle 

cells. A significant remodeling of the pulmonary vasculature and a progressive 

increase in the pulmonary vascular load, which result in right ventricle hypertrophy 

and remodeling, are the hallmarks of pulmonary hypertension. Hypoxia is one of the 

triggers for pulmonary hypertension.  

 

These pulmonary artery smooth muscle cell patterns cause pulmonary 

hypertension due to pulmonary ventricular resistance influenced by various under-

expressed genes. The gene regulation of pulmonary artery smooth muscle cells is due 

to signal transduction. Wnt/β-catenin is one of the pathways that modulate PASMC 

architecture.  

 

The present study aims to study the role of Wnt/ β-catenin signaling in the 

hypoxia-exposed human pulmonary artery smooth muscle cells and the effect of 

isolated biomolecules of Mucuna pruriens seeds with the following objectives. 

 

1. Assessment of interaction between bioactive molecules of Mucuna Pruriens 

seeds with Wnt/β-catenin signaling by in-silico studies. 

 

2. Phytochemical extraction, identification, and isolation of bioactive 

compound(s) from Mucuna pruriens seeds. 

 

3. To study the Wnt/β-catenin mRNA expression in the human pulmonary artery 

smooth muscle cells exposed to hypoxia and to investigate the effect of 

isolated bioactive molecule(s) of Mucuna pruriens on Wnt/ β-catenin mRNA 

expression in them.  
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We proceed with our first objective with an in-silico screening of 

biomolecules of Mucuna pruriens seed extract (Nine bioactive molecules are selected 

from the literature review) and six proteins (Wnt5a, Frizzled 1, LRP5/6, β-catenin, 

Dishevelled, and CyclineD1) from Wnt/β-catenin signaling pathway proteins. We did 

ADMET analysis for biomolecules of Mucuna pruriens seed extract, and after this, we 

performed molecular docking analysis and MD simulation. Further, it has been 

observed that out of 09 screened ligands, only 03 ligands have effective binding with 

all six protein molecules.  

 

We also fulfill objective 2. We collected Mucuna pruriens seed and proceeded 

for extraction by the Soxhlet method. We also identified bioactive molecules present 

in the extract by HPLC, and these bioactive molecules were isolated qualitatively and 

quantitatively by flash chromatography.  

 

Further, we proceed to our third objective. This study is based on in-silico and 

phytochemical extraction results. We procured HPASMC lines from ATCC. Cells are 

cultured in normoxia conditions after the subculture cells are exposed to hypoxia, and 

cell cytotoxicity is performed by MTT assay to know the dosage concentration to treat 

hypoxia-exposed cells with biomolecules of Mucuna pruriens seed extract.  

 

A gene expression study was done to know the Wnt5a, β-catenin and cyclin 

D1 gene levels both in normoxia and hypoxia conditions. Wnt 5a level decreased, and 

β-catenin and cyclin D1 gene levels were increased in hypoxia-exposed cells. 

Hypoxia-exposed cells were treated with different concentrations with a biomolecule 

of Mucuna pruriens extract, and mRNA was isolated from the cells by the triazole 

method. A gene expression study was done. The Wnt5a gene is downregulated, and β 

catenin and cyclin D1 genes are upregulated in hypoxia-exposed PASMC.  
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 The Invitro study revealed that when HPASMC is exposed to hypoxia, there is 

downregulation of the Wnt 5a gene and upregulation of β-catenin and Cyclin 

D1 genes.  

 Wnt5a inhibits hypoxia-induced proliferation of human PASMCs through the 

β-catenin pathway.  

 Mucuna pruriens seed extract, β-sitosterol, and gallic acid can be attributed to 

inhibiting the β-catenin pathway via the upregulation of Wnt 5a and the 

downregulation of β-catenin and Cyclin D1 gene expression. Interestingly, the 

crude extract of Mucuna pruriens seed was more effective than isolated 

bioactive molecules. 

 

Hence, upregulating β-catenin and Cyclin D1 gene expression possibly 

prevents cyclin D1-induced remodeling of pulmonary artery smooth muscle cells and 

hypertension in hypoxic conditions. Mucuna pruriens, or its bioactive molecule gallic 

acid and β-sitosterol, may be a possible therapeutic agent against Pulmonary 

hypertension. 

 

6.2 Conclusion 

 

The present study focused on in-silico phytochemical analysis and in vitro 

investigations to evaluate the potential therapeutic role of isolated biomolecules from 

Mucuna pruriens seed extract β-sitosterol and gallic acid in hypoxia-exposed 

pulmonary artery smooth muscle cells (HPASMCs). These findings suggest that 

Mucuna pruriens, or its bioactive molecule gallic acid and β-sitosterol, may exert 

protective effects against hypoxia-induced vascular remodeling by targeting the 

Wnt/β-catenin signaling pathway. 

 

  



 Page 113 

 

Clinical Implication of the Study 

 

This study shows that isolated biomolecules of Mucuna pruriens seed (β-

sitosterol and gallic acid) and the crude extract may be beneficial in managing 

pulmonary hypertension, which requires further exploration and confirmation with in 

vivo studies. 

 

Limitations of the study 

 

This research is based on in-silico and in-vitro analysis. Validation of this 

study by an in vivo approach is needed. 
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