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Abstract: Survivin (IAP proteins) is considered as a significant target for anticancer drug research owing to its 

upregulation in tumor cells to mediate resistance to apoptotic stimulus. The current study aimed to investigate 

phytochemicals as inhibitors of survivin with caspases to reactivate the functioning of caspases through molecular 

docking. The compounds namely 2(R), 4(R)-dihydroxypyrrolidine, 4-hydroxy-2-(4-methoxyphenyl)-1,1-dioxo-3,4-

dihydrothieno[3,2-e]thiazine-6-sulfonamide, 2,3-Diketo-L-gulonic acid, (3-hydroxy-2-octadeca-9,12-dienoyloxypropyl) 

octadecanoate, 2-[[4-[[4-[(4-formamido-1-methylimidazole-2-carbonyl)amino]-1-methylimidazole-2-carbonyl]amino]-1-

methylimidazole-2-carbonyl]amino]ethyl-dimethylazanium, Picolinic acid and (2-Hydroxy-5-nitrophenyl) dihydrogen 

phosphate successfully bind inside the pocket of survivin. ADMETsar was used to evaluate the anticancer potential of 

selected compounds. These compounds can be proposed as effective inhibitors, disrupting the survivin-caspases 

interaction and reactivating the caspases function of apoptosis. The study might facilitate the development of cost-

effective and natural drugs against cancer. However, further validation is essential for confirmation of its drug efficacy 

and bio-compatibility. 
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INTRODUCTION  
 

According to World Health Organization (WHO), 

cancer represents the utmost health challenges globally. 

Cancer is leading cause of mortality which account for 

death of approximately 8.8 million people and in 2015, 

14.1 million cases were diagnosed which are predicted 

to increase in the coming years (Torre et al., 2015). 

Cancer is ascribed to uncontrolled growth of cells 

which harbors metastatic potential to attack or spread to 

nearby parts. It is fostered via mutations in the genome 

which leads to functional modification in several 

classes of protein families including cell surface 

receptors, signal transducers, cytokines and 

transcription factor contributing complexity in its 

treatment (Begley and Ellis, 2012, Hanahan and 

Weinberg, 2011). In 2013, oncology represented top 

ranked therapeutic class globally amounting to $73 

billion (Bach, 2014). 
 

There are different mechanisms behind cancer, one of 

these is inhibition of apoptosis (programmed cell death). 

Apoptosis can significantly slowdown carcinogenesis and 

thus hold great importance in cancer therapy. Repression 

of apoptosis has been reported in a number of cancers 

such as liver, breast and lung cancers (Wong 2011, Fesik 

2005). Currently, two pathways of apoptosis are known: 

intrinsic and extrinsic pathways (Zhang and Zhang, 

2015). Both apoptotic pathways are controlled by caspase 

proteins, such as executioner caspases (caspases-3, 6 and 

7) and initiator caspases (caspase-8 and 9) (Fulda and 

Debatin, 2006). Apoptosis is established by cytochrome c 

(apoptotic factor), which activates caspase-3 and caspase-

7 by binding to cardiolipin in inner membrane of 

mitochondria (Ott et al., 2002). The mitochondrial 

pathway is started by Bax/Bcl-2 pathway activation, 

leading to unleash of cytochrome c and apoptosis 

inducing factor (AIF) in cytoplasm from mitochondrial 

intermembrane. Cytochrome c activates caspase-3 by 

forming cytochrome c /Apaf-1/caspase-9 complex. 

Caspase-3 breaks cytoskeletal proteins and DNA. CAD 

(Caspase-activated DNase) and ICAD (inhibitor of CAD) 

start fragmentation of DNA (Jaiswal et al., 2015). 
 

Caspase-3 and caspase-7 are also activated by caspase-9 

and after activation these are responsible for destruction 

of cells (Brentnall et al., 2013). Hence, cell death 

activation can be started through binding of ligand (TNF, 

FasL) to death receptor or by mitochondrial signaling 

(Jaiswal et al., 2015). Overexpression of survivin inhibits 

apoptosis through caspase dependent and independent 

pathways (Small et al., 2010). Survivin is the tiniest entity 

of the blocker of apoptosis protein family, which has 

significant contribution in regulation of cell cycle and 

inhibition of programmed cell death by hindering caspase 
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activation (Chen et al., 2016). Expression of survivin has 

been testified in 80 percent of malignancies making it as a 

strong biomarker of metastatic tumor (Mishra and Singh, 

2018). Survivin is a member of IAP (inhibitor of 

apoptosis) gene family and has a molecular weight of 

16.5-kDa (Altieri, 2001). IAP molecules are defined by 

presence of a ~70 amino acids zinc-finger fold, 

baculovirus IAP repeat (BIR) (Deveraux and Reed, 1999). 

IAPs also include a RING finger fold, a nucleotide 

binding P-loop motif, a ubiquitin-conjugating domain and 

a caspase-recruitment domain (CARD) (Deveraux and 

Reed, 1999). Survivin is smallest member of IAPs and 

contains only one of the N-terminal BIR domains; and an 

alpha-helix substitutes RING finger domain (Ambrosini et 

al., 1997). Survivin plays a dual function in cell division, 

regulation of cell cycle in G2/M phase and repression of 

apoptosis by blocking activation of caspase-3 and 7 

(Knutsen et al., 2004, Wheatley and McNeish, 2005). 

Apoptosis blocking function of survivin is defined by 

presence of BIR domain (Ambrosini et al., 1997). As 

survivin lacks CARD motif, it does not directly suppress 

caspases. It interacts with adapter molecules i.e X-Linked 

IAP (XIAP). Survivin increases stability of XIAP by 

interacting with it (Sun et al., 2005). In this way, 

inhibitory activity of XIAP increases due to which 

caspase-9 mediated cell death is suppressed (Dohi et al., 

2004). Interestingly, reports show contradiction on 

interaction between caspases and survivin. A few of them 

shows that survivin suppresses caspase-3, caspase-7 and 

caspase-9 by binding with them, whereas others are failed 

to explain direct effect on these proteases (Chandele et 

al., 2004). Survivin co-immunoprecipitated with active 

caspase-3 and 7, but inactive caspases did not co-

immunoprecipitated with survivin(Wright et al., 2000, 

Song et al., 2003). The interaction between survivin and 

caspases disintegrates the caspase cascade and caspase 

mediated cleavage, resulting in decreased apoptosis 

(Tamm et al., 1998). Survivin also inhibits cytochrome-c 

and caspase-8-induced cleavage activity (Tamm et al., 

1998). A study shows that survivin interacts with caspase-

3, 7 and 9 when its Thr34 is phosphorylated by CDC2 

(Singh et al., 2013). Studies indicate that a mutation of 

survivin can release cytochrome c from mitochondria and 

leads to apoptosis (Liu et al., 2004). Furthermore, p53 

expression can be regulated by survivin. Survivin, in a 

dose-dependent manner, blocked p53-dependent 

apoptosis (Mirza et al., 2002), suggesting that p53-

dependent apoptotic pathway is regulated by survivin. 

Moreover, survivin modifies p53 in degradation by 

MDM2/caspase-3 complex (Wang et al., 2004). Further 

studies indicated that survivin can lead to degradation of 

p53 if it inhibits the MDM2 cleavage, and ultimately cells 

with overexpression of survivin have decreased level of 

p53 (Wang et al., 2004).  

 

In comparison with orthodox approaches of drug 

screening which include High Throughput Screening 

(HTS), newly simulated and computer based High 

Throughput Screening has revolutionized the 

identification of time and cost efficient novel drugs (Tahir 

Ul Qamar et al., 2019). In the current study, 

phytochemicals are used to design an artificial drug 

against survivin which suppresses survivin over 

expression and helps caspases to perform their normal 

function, leading to programmed cell death (apoptosis). 

The phytochemicals (secondary metabolites) found in 

medicinal plants have expressive anticancer potential due 

to their nutraceutical properties (Gull et al., 2015, 

Muhammad et al., 2015, Sahib et al., 2013). The 

consumption of phytomedicines increases due to their 

structural diversity, availability, exhibition of multiple 

target activities and negligible side effects (Sahib et al., 

2013, Ahmed et al., 2014, Ashfaq et al., 2013). With the 

help of computer-aided drug designing tools the detection 

of therapeutic agents has become a reliable process (Riaz 

et al., 2017). In this respect, ligand docking with a 3D 

structure of survivin proves a consequential method in 

designing novel anticancer compounds. A library of about 

8,000 phytochemicals have been screened against 

survivin to stop survivin-caspases interaction by using in-

silico techniques. The experiential was to target hotspot 

residues that bind with caspases. The screened inhibitors 

can bind to hydrophobic cleft of survivin to stop caspase 

binding, which results in normal regulation of apoptosis. 

The results of these studies support the efficiency of 

anticancer phytomedicines and provoke its development 

(Dai et al., 2016). The guesstimated phytochemicals do 

not have side effects and toxicity in host cells (Kinghorn 

et al., 2009). These phytochemicals have ability to stop 

survivin-caspases interactions, with minute side effects. 

Disturbance of biological pathways has not been reported 

for suppression of survivin-caspases interactions with the 

use of phytochemicals (Kinghorn et al., 2009, Li et al., 

2012). 

 

MATERIALS AND METHODS 
 

Structure retrieval and optimization 

The 3D structure of survivin protein was retrieved from 

protein data bank (PDB) using PDB ID:1F3H. The 

retrieved structure was optimized removing ligand and 

solvent residues, 3D protonation (Labute, 2007) and 

energy minimization using Molecular Operating 

Environment (MOE) (2013). The structure was further 

minimized. This minimizes structure was handed-down as 

receptor for docking analysis (Ul Qamar et al., 2014). 

 

Ligand library preparation  

About 8,000 phytochemicals were retrieved from 

PubChem (Bolton et al., 2008), MPD3 (Mumtaz et al., 

2017) and MAPS database (Ashfaq et al., 2013) and a 

ready-to-dock library was prepared. To scan the 

inhibitors, docking have been performed against survivin 

by using MOE software packages (Roy and Luck, 2007). 
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Table 1: Interaction detail of top seven bioactive phytochemicals in the proposed site of surviving protein  
 

S no Pub Chem ID Chemical name Docking 

score 

RMSD 

value 

Receptor Interaction 

1 1472 2(R), 4(R)-dihydroxypyrrolidine 

 

-13.8575 1.3594 Lys15 

Lys91 

Asp16 

H-donor 

H-acceptor 

H-acceptor 

2 1612 4-hydroxy-2-(4-

methoxyphenyl)-1,1-dioxo-3,4-

dihydrothieno[3,2-e]thiazine-6-

sulfonamide 

-13.1252 0.9888 Lys15 

Arg18 

Phe93 

H-donor 

H-pi 

H-donor 

 

3 18 2,3-Diketo-L-gulonic acid -12.3876 1.0112 Lys15 

Phe93 

H-donor 

H-donor 

4 1. 1399 2. (3-hydroxy-2-octadeca-

9,12-dienoyloxypropyl) 

octadecanoate 

-11.9650 1.0979 Lys91 

Gln92 

Arg18 

H-acceptor 

H-acceptor 

H-donor 

5 1264 2-[[4-[[4-[(4-formamido-1-

methylimidazole-2-

carbonyl)amino]-1-

methylimidazole-2-

carbonyl]amino]-1-

methylimidazole-2-

carbonyl]amino]ethyl-

dimethylazanium 

-11.4654 0.9420 Lys91 

Gln92 

H-acceptor 

H-donor 

6 1018 Picolinic acid -10.9966 1.1933 Lys91 

Phe93  

Phe86 

H-acceptor 

H-donor 

H-acceptor 

7 1019 

 

(2-Hydroxy-5-

nitrophenyl) dihydrogen phosph

ate 

-10.7597 0.8193 Asp16  

Lys15 

Phe13 

H-acceptor 

H-donor 

H-acceptor 

 

Table 2: Results of compounds examined for Lipinski rule 
 

Compound 
Molecular weight 

(g/mol) 

Number of 

HBA 

Number of 

HBD 
MLogP 

Lipinski’s rule of five <500 <10 <5 <5 

2(R), 4(R)-dihydroxypyrrolidine 

 

478.45 5 5 0.47 

 

4-hydroxy-2-(4-methoxyphenyl)-1,1-

dioxo-3,4-dihydrothieno[3,2-e]thiazine-

6-sulfonamide 

 

380.35 9 2 3.66 

2,3-Diketo-L-gulonic acid 

 

315.37 7 4 0.99 

(3-hydroxy-2-octadeca-9,12-

dienoyloxypropyl) octadecanoate 

 

346.33 5 1 -2.25 

2-[[4-[[4-[(4-formamido-1-

methylimidazole-2-carbonyl)amino]-1-

methylimidazole-2-carbonyl]amino]-1-

methylimidazole-2-

carbonyl]amino]ethyl-dimethylazanium 

332.44 7 5 2.35 

3. Picolinic acid 299.29 3 1 -3.09 

(2-Hydroxy-5-

nitrophenyl) dihydrogen phosphate 

332.26 7 3 -1.48 
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Determination of hotspot residues 

All residues which participate in the interaction of 

Survivin have been recognized and was selected using sie 

finder tool of MOE package. 

 

Molecular docking 

Ready-to-dock library of phytochemicals was docked 

with interacting residues of survivin by using docking 

algorithm of MOE software. Aicar (PubChem ID: 

46780289) one of the inhibitors of survivin (Xiao and Li, 

2015), shown in table 1, was also test-docked against 

survivin as reference ligand. Following were the 

parameters set for docking: placement: triangle matcher; 

re-scoring: London dG; retain: 10; refinement: Forcefield; 

re-scoring 2: London dG and retain 10. The MOE 

program validates accurate conformation of ligand to get 

minimum energy structure. After docking, 

phytochemicals with best and top conformation were 

determined on the basis of S-score and RMSD value. 

 

The LigX tool of MOE was used to analyze the 2D plots 

of receptor ligand interactions that enable clear view of 

receptor ligand interaction of the best docked complexes. 

 

In silico analysis of drug likeness and ADMET 

properties 

The best docking scoring phytochemical was then 

subjected to further selection on the basis of Lipinski’s 

rule of five (Ro5),(Lipinski, 2004)and compounds without 

any Ro5 violations were eliminated. This was simply 

done by Molinspiration server (Jarrahpour et al., 2012) 

for calculation of their physicochemical properties. In 

order to evaluate drug like characteristics the candidates 

were subjected to SwissADME software (Daina et al., 

2017). The calculation of ADMET properties i.e. 

Absorption, Distribution, Metabolism, Excretion, and 

Toxicity are an important indication of drug candidate’s 

behavior, fate and level of toxicity in human body. It 

gives probability of candidate’s ability to pass through the 

Blood-brain barrier, its absorption in intestines, 

metabolism, distribution at subcellular level and most 

importantly the level of harm it can cause in body(Lin et 

al., 2003).  

 

RESULTS 
 

Database screening and docking study 

The 3D structure of survivin was retrieved from Protein 

Data Bank by PDB ID: 1F3H, which had a resolution of 

2.58 Å (Berman et al., 2000). This structure was 

optimized to find the antagonist that could interfere with 

the interaction and does not allow survivin to bind with 

caspases. Docking was performed by using ready-to-dock 

library of phytochemicals. All the residues participating in 

the reaction of survivin with other proteins or ligands 

were found with the help of MOE site finder tool. The 

library of Phytochemical was docked against the survivin 

protein and docked compounds were ranked on the basis 

of stringent filter that accounts four factors, maximum 

occupancy of binding pocket with minimum Gibbs free 

energy, strength of hydrogen bonding and other potential 

non-covalent interaction. Of 8000 docked molecules, 

seven top ranking docking poses were selected. The hit 

compounds were selected based on maximum binding 

sites occupied by ligand, minimum S-score and lower 

RMSD values. These candidate compounds exhibited 

their minimum binding energy in the range of -13.8575 

Kcal/mol to -10.7597 Kcal/mol.  

Table 3: ADMET profiling enlisting absorption, metabolism and toxicity related drug like parameters of candidate 

compounds 
 

A. ADMET Profiling 

Compounds 2(R), 

4(R)-

dihydrox

ypyrrolid

ine 

 

4-hydroxy-2-(4-

methoxyphenyl)-

1,1-dioxo-3,4-

dihydrothieno[3,

2-e]thiazine-6-

sulfonamide 

 

2,3-

Diketo-

L-

gulonic 

acid 

 

(3-

hydroxy-

2-

octadeca-

9,12-

dienoylox

ypropyl) 

octadecan

oate 

2-[[4-[[4-[(4-

formamido-1-

methylimidazole-2-

carbonyl)amino]-1-

methylimidazole-2-

carbonyl]amino]-1-

methylimidazole-2-

carbonyl]amino]ethyl-

dimethylazanium 

Picolinic 

acid 

(2-

Hydroxy-

5-

nitropheny

l) dihydro

gen phosp

hate 

 

A. Absorption 

Blood-Brain Barrier No No No No No No High 

Gastro- Intestinal 

Absorption 
High Low Low Low High Low High 

P-glycoprotein substrate No No Yes Yes No Yes No 

B. Metabolism 

CYP450 1A2 Inhibitor No No No No No No No 

CYP450 2C9 Inhibitor No No No No No No No 

CYP450 2D6 Inhibitor No No Yes No Yes No No 

CYP450 2C19 Inhibitor No No Yes No No No No 

CYP450 3A4 Inhibitor No No No No Yes No No 
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Fig. 1A: Docked 2(R), 4(R)-dihydroxypyrrolidinein complex with survivin; side chains atoms of Lys15, Lys91 and Asp16 making 

hydrogen bonds, shown in green line. Docked pose of compound highlighting the most active residues of protein’s binding pocket is shown 

at right. 
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B: Docked 4-hydroxy-2-(4-methoxyphenyl)-1,1-dioxo-3,4-dihydrothieno[3,2-e]thiazine-6-sulfonamidein complex with survivin; side chains 

atoms of the residues Lys15and Phe93are making hydrogen bonds and arene-cation interaction with Arg18, shown in green line. Docked 

pose of compound highlighting the most active residues of protein’s binding pocket is shown at right. 

C: Docked 2,3-Diketo-L-gulonic acid in complex with survivin; side chains atoms of Lys15 and Phe93 are making hydrogen bonds, shown 

in green line. Docked pose of compound highlighting the most active residues of protein’s binding pocket is shown at right. 

D: Docked (3-hydroxy-2-octadeca-9,12-dienoyloxypropyl) octadecanoate in complex with survivin; side chains atoms of Lys91, Gln92 and 

Arg18are making hydrogen bonds, shown in green line. Docked pose of compound highlighting the most active residues of protein’s 

binding pocket is shown at right. 

E: Docked 2-[[4-[[4-[(4-formamido-1-methylimidazole-2-carbonyl)amino]-1-methylimidazole-2-carbonyl]amino]-1-methylimidazole-2-

carbonyl]amino]ethyl-dimethylazaniumin complex with survivin; side chains atoms Lys91 and Gln92, are making hydrogen bond shown in 

green line. Docked pose of compound highlighting the most active residues of protein’s binding pocket is shown at right. 

F: Docked Picolinic acid in complex with survivin; side chains atoms of Lys91, Phe93 and Phe86 are involved in hydrogen bond 

interaction, shown in green line. Docked pose of compound highlighting the most active residues of protein’s binding pocket is shown at 

right. 

G: Docked (2-Hydroxy-5-nitrophenyl) dihydrogen phosphate in complex with survivin; side chains atoms of Asp16, Lys15 and Phe13 are 

involved in hydrogen bond interaction, shown in green line. Docked pose of compound highlighting the most active residues of protein’s 

binding pocket is shown at right. 
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However, for all the selected binding sites of the survivin 

protein, 2(R), 4(R)-dihydroxypyrrolidine was ranked at 

the top as it exhibited maximum binding score and 

binding affinity. Most of the phytochemicals i.e., four out 

of top seven tend to exhibit strong binding affinity toward 

amino acid Lys91and Lys15 suggesting that these are 

most active residues. These are followed by Phe93and 

Gln92 which exhibited interaction in selected three and 

two compounds respectively (fig. 1). 

 

Absorption, distribution, metabolism, excretion (ADME) 

properties and toxicity scan 

Molinspiration server was used to predict the drug 

likeliness of proposed survivin inhibitors using ADMET 

based drug scan. The selected candidate showed zero 

violations to the Lipinski’s rule of five and acceptable 

drug-like properties, i.e. molecular weight (table 2). All 

the candidate compounds were subjected to Swiss ADME 

to assess them for their drug like properties, server in 

order to further validate the potential of drug likeliness 

(table 3).  
 

DISCUSSION 
 

In silico analysis has revolutionized drug designing by 

efficiently decreasing the hustle and total expenditure 

demanded by the conventional drug designing procedure. 

It has successfully cut short the resources going in Level I 

of drug designing i.e. Drug Discovery. With the advent of 

efficient bioinformatics databases, tools and software; 

new potential drugs and their targets are being discovered 

and published in great numbers. In silico compound 

libraries are available due to advancements in 

chemoinformatics. These compounds can be screened for 

their properties and drug-likeness owing to the modern 

computational methods (Terstappen and Reggiani, 2001).  
 

In this study, we screened novel multi-target drug like 

compounds of plant origin and with desired ADME 

characteristics. Aiming that goal, in silico structure based 

drug design approach was designed to identify inhibitors 

which leads toward seven potent common phytochemicals 

including 2(R), 4(R)-dihydroxypyrrolidine, 4-hydroxy-2-

(4-methoxyphenyl)-1,1-dioxo-3,4-dihydrothieno[3,2-e] 

thiazine-6-sulfonamide, 2,3-Diketo-L-gulonic acid, (3-

hydroxy-2-octadeca-9,12-dienoyloxypropyl) octadeca-

noate, 2-[[4-[[4-[(4-formamido-1-methylimidazole-2-

carbonyl)amino]-1-methylimidazole-2-carbonyl] amino]-

1-methylimidazole-2carbonyl] amino]ethyl-dimethyla-

zanium, Picolinic acid and (2-Hydroxy-5-nitro-

phenyl) dihydrogen phosphate. These phyto-chemicals 

were screened based on their binding affinity and score. 

The docking study established the residues that play the 

most important roles on the binding affinity, 

namely: Lys91 and Lys15 >Phe93 >Gln92.  
 

Survivin is associated with dual function as it 

concomitantly operational in both cell division and 

apoptosis inhibition. It is upregulated in human neoplasm 

and down regulated or undetectable in differentiated 

normal tissues (Pennati et al., 2007). The significant up 

regulation of survivin is responsible for tumor 

progression, low survival rate, drug resistance, tumour 

recurrence as well as poor prognosis. All this fostered the 

need of developing its inhibitors as an anti-cancer agent 

(Fukuda and Pelus, 2006). The agents including small-

molecule inhibitors, molecular antagonists, antisense 

inhibitor, transcriptional repressor and vaccine based 

therapies is appropriate for inhibitor of survivin (Kelly et 

al., 2011). 
 

Several studies aimed to discover potent inhibitor of 

survivin protein. In one study 115 Plant compound from 

NPACT database were docked against Survivin protein 

using iGEMDock2.1 which revealed Remangilones A as 

potent inhibitor of protein survivin with total energy of -

121.465kcal mol-1(SD Amanulla et al., 2017). The dried 

leaves extract of Physenamadagascarienis is a potential 

source of Remangilones A which is kind of 

dinortriterpenes that demonstrated to exhibit cytotoxic 

effect against MDA-MB-435 and MDA-MB-231 breast 

cancer cells mediated by apoptosis (Deng et al., 1999). 
 

Eram et al. (2017) employed virtual screening approach 

to screen marine compounds inhibiting survivin which 

identified that analog (AP 4) of Aplysin, is a promising 

candidate as it showed binding energy of -8.75 kcal/mol 

which proposed it to be a potential inhibitor of survivin 

protein. The finding was comparable to its known 

inhibitor Celecoxib having binding energy of -6.65 

kcal/mol and Ki 13.43μM (Shakeel et al., 2017). 
 

Another study reported that plant-derived compounds 

namely coclaurine, coreximine and synephrine from 

Annona muricata showed strong energy based affinity -

9.95 kcal/mol and -8.23 kcal/mol with Bcl-2 and survivin 

respectively by the ranking of poses generated by A Score 

scoring function of Argus Lab,important proteins in cell 

cycle regulation (Muthu and Durairaj, 2016). 

 

The similar findings were reported by Kalim and his 

coworkers who proved that that Quercetin exhibited 

promising binding efficacy with -7.90 kcal/mol and 

chemo preventive potential against survivin(Khan et al., 

2015). D Afriza et al. (2018) studied potential of 

phytochemical compounds dentatin, nordentatin, and 

quercetin and proposed that these exhibited hydrophobic 

interactions in common with three residues namely 

Phe86, Phe93, Ile74. Moreover dentatin were involved in 

electrostatic interactions survivin (Lys78). Therefore 

targeting survivin in order to hamper its apoptotic 

activities is considered as a most effective strategy for 

inhibiting cancer cell growth (Afriza et al., 2018). 

Furthermore, an alkaloid Piperine has been reported to be 

most promising adjuvant at increasing the efficacy of 

tumor necrosis factor-related apoptosis-inducing ligand 
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(TRAIL)-mediated therapies for targeting triple-negative 

breast cancer (TNBC) cells both in vivo and in vitro 

modulated through inhibition of Survivin. The moleculer 

docking studies proposed effective binding of Piperine 

and some of its derivatives into to BIR domain of 

Survivin that might result in dissociation of Smac/ 

DIABLO freely in the cytosol which render it available 

for interaction with inhibitors of apoptosis thereby 

triggering caspase mediated apoptosis (Sattarinezhad et 

al., 2015). 

 

Our study identified seven inhibitors with strong potential 

of drug lead that may be one therapeutic inhibitor of 

survivin by efficiently targeting and inhibiting the 

apoptosis. Therefore, our findings regarding bioactivity 

of2(R), 4(R)-dihydroxypyrrolidine, 4-hydroxy-2-(4-

methoxyphenyl)-1,1-dioxo-3,4-dihydroth-ieno[3,2-e]thia-

zine-6-sulfonamide, 2,3-Diketo-L-gulonic acid, (3-hydro-

xy-2- octadeca-9,12- dienoyloxypropyl) octadecanoate, 2-

[[4-[[4-[(4-formamido-1-methylimidazole-2-carbonyl) 

amino]-1-methylimidazole-2-carbonyl]amino]-1-methyli 

midazole-2-carbonyl]amino] ethyl-dimethylazanium, 

Picolinic acid and (2-Hydroxy-5-nitrophenyl) 

dihydrogen phosphate warrant further experimental work 

for structure based leads optimization. 

 

CONCLUSION 
 

In the current study phytochemicals including 2(R), 4(R)-

dihydroxypyrrolidine, 4-hydroxy-2-(4-methoxyphenyl)-

1,1-dioxo-3,4-dihydrothieno[3,2-e]thiazine-6-sulfona-

mide, 2,3-Diketo-L-gulonic acid, (3-hydroxy-2-octadeca-

9,12-dienoyloxypropyl) octadecanoate, 2-[[4-[[4-[(4-

formamido-1-methylimidazole-2-carbonyl)amino]-1-me-

thylimidazole-2-carbonyl]amino]-1-methylimidazo le-2-

carbonyl]amino]ethyl-dimethylazanium, Picolinic acid 

and (2-Hydroxy-5-nitrophenyl) dihydrogen phosphateare 

identified as the potential phytochemicals that shows 

strong binding capability with survivin protein and shows 

all of the drug-like properties. The results of our present 

study can be useful for the design and development of 

novel compounds having better inhibitory activity against 

survivin protein. Further in vitro and in vivo studies are 

highly advised to check for the efficacy of this study. 
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