Antiproliferative Activity and Molecular Docking studies of phytoconstituents from Syzygium alternifolium bark
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ABSTRACT 
The present study carried out to investigate the in vitro antimitotic activity using Allium cepa root tip assay to examine the anticancer potential of Syzygium alternifolium. The phytoconstituents previously determined were subjected to molecular docking studies against Bcl-2 and VEGFR-2 protein as a target receptor to support anticancer activities. Methanolic extract of Syzygium alternifolium showed significant antimitotic activity by decreasing rate of mitosis in comparison to water. Methotrexate (0.1 mg/mL) was used as a standard and shows the highest antimitotic activity. Thus, the selected plant displayed significant antimitotic activity by showing good inhibition. Stigmasterol and Squalene have demonstrated remarkable binding affinity towards Bcl-2 inhibitor (2W3L). Apigenin, Squalene and Kaempferol have demonstrated remarkable binding affinity towards VEGFR-2 inhibitor (2OH4) respectively.  The comprehensive analysis of both in vitro and in silico data shows that the bark of selected plant could be a potent source of drug and could serve as an effective therapeutic in the future.
Keywords: Syzygium alternifolium, Antimitotic activity, Molecular docking, Bcl-2 and  VEGFR-2.

I. INTRODUCTION
According to estimates, 9.6 million people died from cancer in 2018, making it the second-most common incidence of death in the world. Approximately one out of six fatalities worldwide are caused by cancer. About 70% of cancer deaths take place in low- as well as middle-income nations [1]. According to projections, there would be 26 million additional new cases of cancer & seventeen million deaths due to cancer each year by 2030 [2].
Nanotherapy, Low-intensity electro resonance therapy and neutron capture, are three recent advancements in the treatment of oncological disorders. Chemotherapy, surgery, and radiation therapy are still employed as well. However, each of the aforementioned techniques has a number of unfavourable side effects that are equally harmful to the patient’s wellbeing. Consequently, the development of tumour therapies based on plant-based substances and their implementation in healthcare facilities remain essential duties [3,4]. Currently, over 60 percent of medications made from natural or herbal ingredients are used to treat cancer [5,6]. Numerous edible plants, medicinal herbs, and spices are found to have primary as well as secondary metabolites that aid in the treatment of cancer, according to recent scientific investigations [7,8].
Dry deciduous habitats support Syzygium alternifolium, a semi-evergreen plant with numerous blossoms. In the dry areas of (Karnataka) Bangalore District, Chengalpattu and (Tamil Nadu) North Arcot Districts, Cuddapah, Chittor, and (Kurnool Districts) Andhra Pradesh, Syzygium alternifolium (Wight) WALP is not prevalent. To treat diabetes, ulcers of the digestive tract and duodenum, cirrhosis of the liver, infective hepatitis, hepatic enlargement, jaundice, along with other liver & gall bladder conditions, as well as diarrhoea and to minimise rheumatic aches, the various components of plant are used. Phytochemicals such tannins, phenols, glycosides, flavonoids, alkaloids, and steroids are extensively distributed in it. The antimitotic effectiveness of the extracts has been assessed using the Allium cepa assay to begin the search for plant-based medications. [9]. The Allium cepa root meristem assay is widely regarded as an efficient and trustworthy method for identifying environmental carcinogens and mutagens [10,11].  
The common onion, Allium cepa species, is the best choice for bioassays [12,13]. Additionally, it has been used extensively for the detection of the cytostatic, cytotoxic, and mutagenic effects of many substances, including those of plant-based anticancer medications [14].
The goal of the current investigation was to assess the antimitotic potential of aqueous extract of Syzygium alternifolium by using the Allium cepa root meristem model as a standard test method [15]. The effect and control were contrasted.

II. MATERIALS AND METHODS

A. Plant Materials 
In the Sheshachalam highlands of Tirupati, Andhra Pradesh, India, in November 2014. The S. alternifolium (Wt.)  bark was gathered. Later, Tirupati University associate professor and botanist Dr. K. Madhava Chetty confirmed and taxonomically recognized the plant.

B. Preparation of Extract 
After drying in the shade, the bark is mechanically milled into a finely ground powder. The resulting substance was sieved, maintained in a container that was airtight, and extracted for a maximum of 72 hours at 75-78°C using 70% methanol. Once extraction was complete, the solvent was eliminated using distillation. The leftover material had a dark brown hue. Prior to being placed within desiccators, the remaining materials were condensed [16].

C. In vitro Antimitotic activity 
Meristematic cells of Allium cepa roots were evaluated to examine bark of Syzygium alternifolium's antimitotic potential using methotrexate as the reference drug [17]. Meristematic cells of Allium cepa roots, widely employed to test the antimitotic activity. Meristematic region cells undergo continuous repeated division, which resembles cancer cells division in human. As a result, Allium cepa meristematic cells can be employed to conduct a preliminary pharmacological screening for anticancer efficacy. the steps listed below were followed to carry out the antimitotic procedure [18]. 
a) Roots development: 
The research project was set up in accordance with the accepted protocol. Onions that are descaled were put on glass cups filled with distilled water, housed at 24ºC in incubator for 72 hours, and allowed to grow 2-3 cm of roots. These roots were employed in subsequent steps. 
b) Sample Preparation for Treatment: 
· Syzygium alternifolium extract (10 mg/ml) as a sample; 
· methotrexate (0.1 mg/ml) as the standard 
· Distilled water as a control 
c) Treatment: Three hours were spent, at 18 degrees Celsius, soaking developed roots in various extracts. 
· Fixation: After cutting the root tips, they were immersed in Carnoy's Fixative for twenty-four hours at room temperature.
· Composition of carnoy’s fixative: Glacial acetic acid 25 ml and Ethanol 75 ml 
d) Squash preparation: 
· Hydrolyzation:  These roots were hydrolyzed with 1N HCl, by keeping it with HCl in oven at 60º for 10 min. 
· Staining: Transferred root tips into 2% acetocarmine stain for 20 min. 
· To prepare a slide, select a stain root and cut it at the tip point wherein meristematic cells are found (which gets a dark stain). Arrange a cover slip over it, inspect with a 40 X objective microscope, and count the number of cells. The following formula was used to determine the mitotic index.                           
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D. MOLECULAR DOCKING STUDIES 
· Interactions between proteins and their ligands: The docking technique stimulations anticipate the interaction-mediated configuration of potential medicines towards their target proteins. Mcule was used to create docking simulation studies.
· Docking simulations on Bcl-2 and VEGFR-2: The most frequently occurring enzymes implicated in the development of cancer are Bcl-2 and also Vascular Endothelial Growth Factor Receptor-2 (VEGFR-2) [19,20]. Cancer is caused by numerous pathways that involve numerous enzymes. The BCL-2 protein family is essential for controlling apoptosis (programmed cell death) [21–24]. The cells of endothelial tissue express a tyrosine kinase target VEGFR-2 [25]. VEGFR-2 is a useful target for suppressing carcinoma cells from proliferating & metastasis that plays a significant role in anti-angiogenesis [26,27]. It consequently is important to create novel chemicals from botanical sources that have enhanced BCL-2 and VEGFR-2 protein binding abilities. 
	Tumour is triggered with a diverse pathways that include multiple enzymes. The most prevalent enzymes implicated in cancer formation are Bcl-2 and Vascular Endothelial Growth Factor Receptor-2 (VEGFR-2) [19,20]. The BCL-2 protein family plays a crucial role in the regulation of apoptosis (programmed cell death) [21-24]. Endothelial cells express VEGFR-2, a tyrosine kinase receptor [25]. VEGFR-2 is an essential anti-angiogenesis target that also inhibits cancer proliferation of cells and metastasis [26,27]. As a result, it is of relevance in developing and designing novel plant-based drugs with enhanced binding properties that interact with BCL-2 and VEGFR-2 proteins. As a result, the phytocompounds were employed in the molecular docking study of Bcl-2 and VEGFR-2 [28]. 
· Ligand preparation: The two-dimensional binding agents depicted by Mcule docking on the imported side of the ligand.
· Protein preparation: The RCSB protein bank has been utilised to obtain the x-ray crystallized components of the proteins BCL-2 (PDB ID: 2W3L) and VEGFR-2 (PDB ID: 2OH4). The discovery studio visualizer is used to retrieve the properties of the SBD site sphere. 
· Ligand docking and scoring: Through the use of mCULE Docking's flexible glide-ligand docking, protein ligand interactions were induced. The docked compounds disclose a docking score.
· Visualization and analysis: The outcomes concerning the docking sites have been observed employing the discovery studio visualizer. To comprehend the binding interactions between ligands and proteins, the ligand-protein interactions are visualized. To identify best efficient docking substances, the glide score algorithm was employed. The binding is more favorable based on the lower score. Besides docked ligand poses, multiple ligand receptor interactions have been investigated.

III. RESULTS AND DISCUSSION

A. In vitro Evaluation of Antimitotic activity Allium cepa root tip assay 
The bark of  Syzygium alternifolium methanolic extract was tested for antimitotic activity using the Allium cepa root tip assay. 

Table 1. Antimitotic activity on allium cepa root tip cell using allium cepa root tip assay
	S.No.
	Different Solutions
Used for Treatment
	% Non
Dividing cells
	%
Dividing cells
	Mitotic
Index (MI)%

	1
	Water(control)
	38
	62
	62 ± 1.26

	2
	[bookmark: _Hlk144213791]bark of  Syzygium alternifolium methanolic (10 mg/ml)
	52
	48
	48 ± 1.46

	3
	Methotrexate
(0.1 mg/ml positive control)
	61
	39
	39 ± 0.91



The Allium cepa root tips were treated with water (control), Methotrexate and bark of Syzygium alternifolium methanolic extract than observed under the compound microscope. The obtained results are mentioned above.                         
[bookmark: _Hlk144214355]
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Figure 1. Antimitotic activity of Syzygium alternifolium using Allium cepa root tip assay

 

Figure 2. Stages of onion mitotic cell division. A: interphase; B: prophase; C: metaphase; D: anaphase and E: telophase

The mitotic index of Allium cepa root tip cells treated with water, methotrexate, and plant extract is shown in Table 1. By slowing the rate of mitosis in contrast to water, Syzygium alternifolium extract demonstrated considerable antimitotic efficacy. The standard drug with the strongest antimitotic activity was selected as a methotrexate (0.1 mg/mL). The chosen plant thus demonstrated strong antimitotic activity by demonstrating effective inhibition, indicating its use as a powerful antimitotic agent. 
B. Molecular Docking Investigation
The target proteins that were downloaded from PDB were initially cleaned up by deleting unnecessary chains. We prepare and record the characteristics of spheres. Later, molecules were generated by the preparation of molecules and ligands. The docked structures were tested against the proteins 2W3L and 2OH4 after proteins were uploaded with spherical characteristics. According to docking, some of our compounds have strong affinity for the proteins Bcl-2 and VEGFR-2. The chemicals found in the Syzygium alternifolium bark that interact with the 2W3L and 2OH4 proteins are listed below.

Table 3: BCL-2  (2W3L) & VEGFR-2 (2OH4) protein score of phytoconstituents from Syzygium alternifolium

	
Compounds
	PDB ID

	
	2W3L
	2OH4

	3-Hydroxy benzoic acid
	-4.6
	-5.5

	Gentisic acid 
	-4.6
	-6.0

	Caffeic acid
	-5.2
	-7.1

	2,5-monoformal-1-rhamnitol
	-4.5
	-6.3

	4-oxo-5-phenyl pentoic acid
	-5.3
	-6.9

	Apigenin
	-6.5
	-9.3

	Lutidine
	-4.3
	-5.1

	Quercetin
	-6.6
	-7.4

	Kaempferol
	-6.4
	-8.9

	Acarbose
	-6.4
	-6.3

	Squalene
	-7.2
	-9.2

	Stigmasterol
	-7.4
	-8.2

	Methotrexate
	-6.5
	-8.6


The more negative the score the more favorable the binding.

a) BCL 2 protein docking poses in Syzygium alternifolium (PDB ID: 2W3L)
.[image: ]  [image: ]
a) Quercetin   -6.6		 		 b) Squalene  -7.2
[image: ] [image: ]
c) Stigmasterol  -7.4 				d) Methotrexate -6.5
Figure 3: The Syzygium alternifolium compounds protein-ligand interaction against Bcl-2

ii) Poses of Docking in Syzygium alternifolium with VEGFR 2  protien (PDB ID: 2OH4).
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Description automatically generated]
a) Squalene -9.2			        b)Kaempferol  -8.9
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c)) Stigmasterol -8.2			                  d) Methotrexate  -8.6 
Figure 4: The Syzygium alternifolium compounds protein-ligand interaction against VEGFR 2
	
	In folk medicine, Syzygium alternifolium has a wide range of therapeutic applications. Many researches have observed that any substance with high antioxidant qualities would also likely have anticancer effects due to the function that free radicals play in the development of cancer[29]. In light of this, the in vitro antimitotic abilities of the plant extracts were evaluated. An important in vitro assay for the discovery of anticancer drugs is the antimitotic.  According to Rai et al.'s method from 2007, an antimitotic investigation was conducted using the onion root tip inhibition assay[30]. The effectiveness of the extracts in the current study's mitotic index clearly demonstrates their ability to restrict the proliferation of cancer cells either by influencing the microtubules or by promoting their production, preventing the degradation of the microtubules. As a result, the cells accumulate so many microtubules that they are unable to continue to divide and expand. Cells become stuck in mitosis as a result, and finally perish through apoptosis [31]. Cytotoxicity test via In vitro animal and the inhibition with the use tip of onion root experiment are both antimitotic bioassays that are quick, effective, straightforward, but sensitive [32].
In Allium cepa assay, bark of Syzygium alternifolium methanolic extract (10 mg/ml) was found to exhibit anti-mitotic action on Allium cepa root meristematic cell and it was indicated by decreased mitotic index after treatment. The results showed that bark of Syzygium alternifolium methanolic extract at a concentration of 10 mg/ml inhibited cell division in Allium cepa assays, which suggests that the plant may have an inhibitory effect on abnormal cell proliferation, such as that seen in cancer.
The molecular docking in this study demonstrates an essential role in foreseeing the molecular relationship of particular proteins against specific phytochemicals. This programme is widely used by the pharmaceutical industry as a powerful tool, especially when examining the relationship among structure and activity. In order to identify possible ligands, computational docking outputs involving binding affinity are often examined. Molecular docking can also be used to predict which small molecule ligands will bind to the appropriate target binding site. 
Stigmasterol and Squalene have shown a remarkable affinity for binding to Bcl-2. The superior binding affinity of apigenin, squalene, kaempferol, and quercetin for VEGFR-2 has been shown. In compared to other compounds, apigenin has the greatest docking score (-9.3) for VEGFR-2. This shows that these substances are effective inhibitors of the Bcl-2 family of antiapoptotic proteins and the VEGFR-2 proteins [33].

IV. CONCLUSION
 In the current study, the in vitro antimitotic activity of Syzygium alternifolium bark methanolic extract was screened, and the Allium cepa root tip assay revealed decreased rate of mitosis. A molecular docking study is conducted to investigate the potential of several phytochemicals to thwart the development of cancer. Our data suggests that bioactive substances can connect with certain proteins to suppress growth factors, which in turn prevents the proliferation of cancer cells. Our research confirms the traditional medicine's stated therapeutic usage of this plant as an anticancer agent. To learn more about the precise mechanisms of action, more research is required, both in vitro and in vivo.  
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