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ABSTRACT: Vinca alkaloids are a subset of drugs obtained from the Madagascar 

periwinkle plant, Catharanthus roseus and have hypoglycemic as well as cytotoxic 

effects. They are used for treating diabetes, high blood pressure and have been used as 

disinfectants. The vinca alkaloids are important for being cancer fighters, as they work by 

inhibiting the ability of cancer cells to divide. Upon acting on tubulin, they prevent the 

formation of microtubules, an essential component for cellular division. . There are four 

major vinca alkaloids in clinical use: Vinblastine (VBL), vinorelbine (VRL), vincristine 

(VCR) and vindesine (VDS). Vinblastine is most often used to treat breast cancer and 

germ cell tumors. Vinorelbine has exhibited significant antitumor activity in patients with 

breast cancer and anti proliferation effects on osteosarcoma (bone tumor cells). 

Vincristine is FDA approved to treat Wilm’s tumor, acute leukaemia and other 

lymphomas. Vindesine is used in the treatment of melanoma, lung cancers and uterine 

cancers. Vinflunine is used for the treatment of second-line transitional cell carcinoma of 

the urothelium. In the present study Tubulin Alpha-Beta was used for docking studies 

with the above said alkaloids. Auto dock binding energies and binding interactions of the 

Vinca alkaloids indicate that Vinblastine is the most probable inhibitor of   Tubulin 

Alpha-Beta. 

INTRODUCTION: Microtubules (MT) are key 

cell structures found in eukaryotes that play a vital 

role in the organization of the spatial distribution of 

organelles throughout interphase and of 

chromosomes during cell division 
1
. Microtubules 

assemble from protofilaments built through 

longitudinal head-to-tail juxtaposition of tubulin 

heterodimers and tubulin are the most conserved 

proteins in eukaryotes GTP-bound tubulin 

heterodimers curve following hydrolysis of the 

GTP nucleotide 
2
. Since GTP hydrolysis 

accompanies MT assembly, and GDP-tubulin is 

released upon depolymerization, tubulin has to 

exchange its bound GDP with GTP in order to 

assemble again.  
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MT dynamics, and therefore cell division, can also 

be perturbed by small molecules, and this 

interference can lead to cell death 
3
. This 

antimitotic property is, in fact, exploited by a 

number of potent anticancer chemotherapeutic 

drugs, which are usually divided into two groups: 

(i) MT-destabilizing agents that prevent 

depolymerization, and (ii) MT-depolymerizing 

agents that inhibit MT formation. The former bind 

to polymerized MT, stabilize the M-loop that is 

responsible for lateral interactions between 

neighboring protofilaments, and prevent 

depolymerization even after GTP hydrolysis 
4
. 

 

A common characteristic of these drugs is that they 

have two binding sites: an external site of lower 

affinity located at the MT pore to which they bind 

before being internalized to the lumen, and a 

higher-affinity luminal site located inside the MT 
5, 

6
. MT-destabilizing agents such as vinca alkaloids 

bind to unpolymerized tubulin and block MT 

formation.  
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Vinca alkaloids are a material of a class of organic 

compounds made up of carbon, nitrogen, hydrogen 

and oxygen that is often derived from plants 
7
. 

Many alkaloids having toxic characteristics have 

physiological effects too that make them useful as 

medicines 
8
. The oldest group of the plant alkaloids 

groups that used to treat cancer are the vinca 

alkaloids 
9
. The main mechanisms of vinca alkaloid 

cytotoxicity is due to their interactions with tubulin 

and disruption of the microtubule functioning, 

particularly of microtubules comprising the mitotic 

spindle apparatus, directly causing metaphase arrest 
10

. The vinca alkaloids and other anti microtubule 

agents also have an effect on both non-malignant 

and malignant cells in the non-mitotic cell cycle 
11

. 

The vinca alkaloids connect to binding sites on 

tubulin that they are separate from those of the 

taxanes, colchicine, podophyllotoxin and 

guanosine-5’-triphosphate 
12, 13

.  

 

Binding occurs rapidly and can reverse too. There 

are nearly 16-17 high-affinity binding sites in each 

microtubule that located at the ends of a 

microtubule. Binding of the vinca alkaloids to these 

sites interrupts microtubule congregation, but one 

of the most significant effect of low drug 

concentrations can be decreasing the rates of both 

growth and shortening at the assembly end of the 

microtubule that can cause produces a “kinetic cap” 

and suppresses function 
14

. The disturbing effects 

of the vinca alkaloids on microtubule dimers, 

particularly at the ends of the mitotic spindle, 

which cause inhibition of metaphase, occur at drug 

concentrations below those that decrease 

microtubule mass 
15

.  

 

The vinca alkaloids and other microtubule 

disrupting agents have power to inhibit malignant 

angiogenesis in vitro. For example, VBL with 

concentrations range from 0.1 to 1.0 pmol/L block 

endothelial proliferation and spreading of  

fibronectin and chemotaxis, all essential steps in 

angiogenesis, 
16 

but other normal fibroblasts and 

lymphoid tumors were unaffected at concentrations 

this low. In combination with antibodies against 

vascular endothelial growth factor, minute doses of 

VBL increased antitumor response to a great extent 
17

. Vinca alkaloids inhibit cell proliferation by 

binding to microtubules, which can cause a mitotic 

block and apoptosis 
18

. 

The vinca alkaloids have been generally included 

in combination with chemotherapy regimens for 

medicinal therapies.. Different vinca alkaloids 

Fig.1 have their own unique properties.  

 

 
FIG. 1: VINCA ALKALOIDS 

 

Vinblastine has been used as an integral part of 

medicinal treatment regimens for testicular 

carcinoma and both Hodgkin and non-Hodgkin 

lymphomas. Vincristine has been approved to treat 

acute leukaemia, neuroblastoma, 

rhabdomyosarcoma, Wilm's tumor, Hodgkin's 

disease and other types of lymphomas. Another 

characteristic of Vincristine that has been reported 

is treating several non-malignant hematologic 

disorders such as haemolytic uremic syndrome, 

refractory autoimmune thrombocytopenia and 

thrombotic thrombocytopenia purpura 
19

. 

Antineoplastic activity of VDS has been reported in 

acute lymphocytic leukaemia, blast crisis of 

chronic myeloid leukaemia, malignant melanoma, 

paediatric solid tumors and metastatic renal, breast, 

oesophageal and colorectal carcinomas 
20

.  

 

The Vinca alkaloids bind to their binding sites in 

intact microtubules with different affinities 

depending on whether the binding sites are located 

at the microtubule ends or situated along the 

microtubule surface 
21

. Studies have shown that 

Vinorelbine has significant antitumor activity in 

patients with breast cancer and can be affected on 

osteosarcoma, bone tumor cells.  

 

In addition, Vinorelbine decreases the stability of 

lipid bilayer membranes. In the United States, 

Vinorelbine has been approved for the initial 

treatment of patients with advanced lung cancer 
22

. 

Vinblastine treatment yields M phase specific cell 
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cycle arrest by disrupting microtubule assembly 

and proper formation of the mitotic spindle and the 

kinetochore, each of which are essential for the 

separation of chromosomes during anaphase of 

mitosis. VBL inhibits angiogenesis which is how 

new blood vessels proliferate from pre-existing 

blood vessels. Angiogenesis is an essential step in a 

tumor’s transition to malignancy 
23

. 

 

MATERIALS AND METHODS: 

Preparation of protein and ligands: 

The 3dimensional structure of TUBULIN ALPHA-

BETA DIMER ((PDB ID: 1TUB) was obtained 

from protein database PDB 
24

. The vinca alkaloids 

were obtained from NCBI PubChem 
25

. The ligands 

were obtained in sdf format and converted into 

PDB file using Spdbv
26

.The CID numbers of the 

selected ligands are 13342(vinblastine), 

5978(vincristine), 6918295(vinflunine), 5311497 

(vinorelbine) and 40839(vindesine).  The properties 

of these vinca alkaloids were retrieved from 

PubChem. 

 

Sequence Alignment: 
The receptor protein 1TUB belongs to the organism 

Sus scrofa, thus pair wise alignment of this protein 

was performed with Homo sapiens tubulin protein 

using CLUSTAL W 
27

 to assess homology. The 

alignment was performed between alpha tubulin of 

Sus scrofa with alpha tubulin of Homo sapiens and 

beta tubulin of Sus scrofa with beta tubulin of 

Homo sapiens using CLUSTAL W, a general 

purpose online multiple sequence alignment 

program for DNA and proteins which attempts to 

calculate the best match for the selected sequences, 

and lines them up so that the identities, similarities 

and differences can be seen. 

 

Molecular docking studies: 

The binding mode docking and active site analysis 

of 1TUB with vinca alkaloids were studied by 

using AutoDock 4.0 
28

 Results were analyzed using 

software Accelrys Discovery Studio 3.5
29

 to 

understand the ligand receptor interaction. 

 

RESULTS AND DISCUSSION: 

Computed properties of vinca alkaloids: 

The computed properties including molecular 

weight and XlogP3 value were obtained from 

PubChem Table 1.  
TABLE 1: MOLECULAR PROPERTIES OF VINCA 

ALKALOIDS 

Name of 

compound 

cid 

number 

Molecular 

weight in 

g/mol 

XlogP3 

value 

Vinblastine 13342 810.97 3.7 

Vinchristine 5978 827.957 2.8 

Vinflunine 6918295 816.929 4.4 

Vinorelbine 5311497 778.932 3.6 

Vindesine 40839 753.926 2.7 

Based on the molecular weights of these compound 

which exceeded 500g/mol, the prescribed route of 

administration was best sought to be intravenous. 

 

Sequence alignment: 

The alignment done using Clustal W is indicated in 

Fig.2. It was observed that alpha tubulin of Sus 

scrofa had 99% identity with alpha tubulin of 

Homo sapiens and beta tubulin of Sus scrofa had 

94% identity with beta tubulin of Homo sapiens. 

Since the homology was high, 1TUB was 

considered as suitable receptor for docking studies. 

 
FIG. 2: CLUSTAL W ALIGNMENT RESULT 
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Molecular docking: 

The active site residues of 1TUB as obtained from 

PDB are Thr276, His229, Phe272, Pro360, Gly370, 

and Val23. The binding mode of 1TUB and vinca 

alkaloids were analyzed by the docking studies 

using Discovery Studio Fig.3.  

 
FIG.3: a) VINBLASTINE SOLUTION1) b) VINBLASTINE (SOLUTION2) c) VINCRISTINE (SOLUTION1) d) VINCRISTINE 

(SOLUTION2) e) VINFLUNINE (SOLUTION1) f) VINFLUNINE (SOLUTION 2) g) VINORELBINE (SOLUTION 1) h) 

VINORELBINE (SOLUTION 2) i) VIDESINE (SOLUTION 1) j) VIDESINE (SOLUTION 2) 

 

The binding energy and binding interactions of 

these solutions were analyzed Table 2. 

The score, binding energy and binding residues of 

these 10 solutions were further analyzed 

.Vinblastine (Solution 1) was found to interact with 

Gly370, Val23, His229 and Thr276. Vinblastine 

(Solution 2) had no interacting residues .Vincristine 

(Solution 1) was found to interact with Val23 and 

Phe272. Vincristine (Solution 2) had no interacting 

residues. Vinflunine (Solution 1) interacted with 

Pro360, Val23, His229 and Phe272. Vinflunine 

(Solution 2) interacted with His229, Val23, Pro360, 

Gly370 and Thr276. Vinorelbine (solution1) had no 

interacting residues. Vinorelbine (solution 2) 

interacteed with Val23, His229, Phe272 and 

Pro360. Vindesine (solution 1) had no interacting 

residues .Vindesine (solution 2) interacted with 

His229, Val23, Phe272, Thr276, Pro360, and 

Gly370. Based on the number of binding residues 

and binding energies one solution for each 

compound was considered for further studies using 

AutoDock 4.0 and the results Table 2 were further 

analysed.

TABLE 2: AUTODOCK RESULTS 

Compound Name CID Number AutoDock  

Binding Energy 

In KCal/Mol 

Binding Residues 

Vinblastine 

(solution 1) 

13342 -11.23 Gly370, Val23, His229, Thr276, Ser277, Leu217, Arg 369, Ser232, Leu27, 

Vincristine 

(solution 1) 

5978 -9.64 Val23,Phe272, Thr240,Tyr36, Asp26, Glu27, Ser40, Asp39, Gly38, Arg320,  

Arg369 

Vinflunine 

(solution2) 

6918295 -10.56 His229, Val23, Pro360, Gly370, Thr276, Leu371, Pro274, Leu275, Leu217, 

Leu230, Ser232, Asp26, Arg369, 

Vinorelbine 

(solution 2) 

5311497 -8.38 Val23, His229, Phe272, Pro360,  Ser232, Leu230, Ala233, Pro274, Leu371, 

Arg369, Asp26, Glu22, Lys19, 

Vindesine 

(solution 2) 

40839 -6.94 His229, Val23, Phe272, Thr276, Pro360, Gly370, Leu217, Leu275, Pro274, 

Ser232, Ala233, Leu230, Arg369, Leu371 

 

CONCLUSION: Considering the above 

parameters, Vinblastine was found to be the best  

compound interacting with the tubulin protein and 

inhibiting microtubule formation and can be 

considered for the treatment of cancer. 



Ganugapati et al., IJPSR, 2015; Vol. 6(7): 2841-2845.                                 E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              2845 

ACKNOWLEDGEMENTS: We thank the 

management of Sreenidhi Institute of science and 

Technology for providing necessary infrasture and 

support to carry out this work. 

 

REFERENCES: 
1. Claire Coderch1, Antonio Morreale and Federico Gago 

1Departmento de Farmacología, Universidad de Alcalá, 

28871 Alcalá de Henares, Madrid, Spain; 2Unidad de 

Bioinformática, Centro de Biología Molecular Severo 

Ochoa, Campus Cantoblanco, 28049 Madrid, Spain. 

2. Nogales, E.; Wang, H.W. Structural intermediates in 

microtubule assembly and disassembly: how and why? 

Curr. Opin. Cell Biol., 2006, 18, 179-184 

3. Jordan, A.; Hadfield, J.A.; Lawrence, N.J.; McGown, A.T. 

Tubulinas a target for anticancer drugs: agents which 

interact with the mitotic spindle. Med. Res. Rev., 1998, 18, 

259-296. 

4. Wade, R.H. On and around microtubules: an overview. 

Mol. Biotechnology, 2009, 43,177191. 

5. Buey, R.M.; Calvo, E.; Barasoain, I.; Pineda, O.; Edler, 

M.C.; Matesanz, R.; Cerezo, G.; Vanderwal, C.D.; Day, 

B.W.; Sorensen, E.J.; Lopez, J.A.; Andreu, J.M.; Hamel, 

E.; Diaz, J.F. Cyclostreptinbinds covalently to microtubule 

pores and lumenal taxoid bindingsites. Nat. Chem. Biol., 

2007, 3, 117-125 

6. Magnani, M.; Maccari, G.; Andreu, J.M.; Diaz, J.F.; Botta, 

M. Possible binding site for paclitaxel at microtubule 

pores. FEBS J., 2009, 276, 2701-2712 

7. Maryam Moudi, Rusea Go, Christina Yong Seok 

Yien, Mohd. Nazre. Vinca Alkaloids. Int J Prev Med. Nov 

2013; 4(11): 1231–1235 

8. Brogan C. Alkaloids cancer treatments. 2010. Jun 7.  

9. Kufe DW, Pollock RE, Weichselbaum RR, and Bast RC, 

Gansler TS, Holland JF, et al. 6th ed. Hamilton (ON): BC 

Decker Inc; 2003. Holland-Frei cancer medicine. 

10. Bennouna J, Delord JP, Campone M, Nguyen L. 

Vinflunine: A new microtubule inhibitor agent. Clin 

Cancer Res. 2008; 14:1625–32.  

11. Himes RH. Interactions of the catharanthus (Vinca) 

alkaloids with tubulin and microtubules. Pharmacol 

Ther. 1991; 51:257–67.  

12. Downing KH. Structural basis for the interaction of tubulin 

with proteins and drugs that affect microtubule 

dynamics. Annu Rev Cell Dev Biol. 2000; 16:89–111. 

13. Jordan MA, Thrower D, Wilson L. Effects of vinblastine, 

podophyllotoxin and nocodazole on mitotic spindles. 

Implications for the role of microtubule dynamics in 

mitosis. J Cell Sci. 1992; 102:401–16.  

14. Toso RJ, Jordan MA, Farrell KW, Matsumoto B, Wilson 

L. Kinetic stabilization of microtubule dynamic 

instability in vitro by vinblastine. Biochemistry. 1993; 

32:1285–93.  

15. Vacca A, Iurlaro M, Ribatti D, Minischetti M, Nico B, Ria 

R, et al. Antiangiogenesis is produced by nontoxic doses 

of vinblastine. Blood. 1999; 94:4143–55.  

16. Klement G, Baruchel S, Rak J, Man S, Clark K, Hicklin 

DJ, et al. Continuous low-dose therapy with vinblastine 

and VEGF receptor-2 antibody induces sustained tumor 

regression without overt toxicity. J Clin Invest. 2000; 

105:R15–24.  

17. Wang LG, Liu XM, Kreis W, Budman DR. The effect of 

anti microtubule agents on signal transduction pathways of 

apoptosis: A review. Cancer Chemother Pharmacol.1999; 

44:35561.  

18. Rowinsky EK, Donehower RC. Paclitaxel (taxol) N Engl J 

Med. 1995; 332:1004–14.  

19. McGuire SA, Gospe SM, Jr, Dahl G. Acute vincristine 

neurotoxicity in the presence of hereditary motor and 

sensory neuropathy type I. Med Pediatr Oncol. 1989; 

17:520–3.  

20. Downing KH. Structural basis for the interaction of tubulin 

with proteins and drugs that affect microtubule dynamics. 

Ann Rev Cell Dev Biol. 2000; 16:89. 

21. [Jordan, M. A.; Leslie, W. 2004. "Microtubules as a Target 

for Anticancer Drugs". Nature Reviews Cancer 4 (4): 253–

265. Doi: 10.1038/nrc1317. PMID 15057285. 

22. Starling, D. “Two Ultrastructurally Distinct Tubulin 

Paracrystals Induced in Sea-Urchin Eggs by Vinblastine 

Sulphate”. Journal of Cell Science 1976; 20(1):79-

89.PMID 942954. 

23. Schutz FA, Bellmunt J, Rosenberg JE, Choueiri TK. 

Vinflunine: Drug safety evaluation of this novel synthetic 

vinca alkaloid. Expert Opin Drug Saf. 2011; 10:645–53.  

24. http://www.rcsb.org/pdb/home/home.do 

25. https://pubchem.ncbi.nlm.nih.gov/ 

26. Guex, N. and Peitsch, M.C. (1997) SWISS-MODEL and 

the Swiss-Pdb Viewer: An environment for comparative 

protein modeling. Electrophoresis 18, 2714-2723. 

27. http://www.ebi.ac.uk/Tools/msa/clustalw2/ 

28. Ref. Accelrys Software Inc., Discovery Studio Modeling 

Environment, Release 4.0, San Diego: Accelrys Software 

Inc., 2013. 

29. Morris GM et al. J Comput Chem. 2009 30: 2785 [PMID: 

19399780] 

 
 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Ganugapati J, Mukundan M, Mandava A and Ahuja SJ: Insilico Analysis of Vinca Alkaloids as Antimitotic and Anti-Microtubule Agents: 

A Potential Cure for Cancer. Int J Pharm Sci Res 2015; 6(7): 2841-45.doi: 10.13040/IJPSR.0975-8232.6(7).2841-45. 

  

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Moudi%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Go%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yien%20CY%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yien%20CY%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yien%20CY%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nazre%20M%5Bauth%5D
http://www.rcsb.org/pdb/home/home.do
https://pubchem.ncbi.nlm.nih.gov/
http://www.expasy.ch/swissmod/
http://www.ebi.ac.uk/Tools/msa/clustalw2/

