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ABSTRACT 
In this study, Monte Carlo statistical mechanical simulations for vinblastine and vincristine were 
carried out in standard manner using the Metropolis sampling technique in canonical (T, V, N) 
ensemble., Geometrical optimizations of vinblastine and vincristine were carried out with the HF 
method coupled to 6-31G(d) basis sets for all atoms. Simulation was done by four force fields of 
MM+, BIO+, AMBER and OPLS. Some important energy parameters such as Potential Energy and 
Total Energy in ten different simulating temperatures (300, 302, 304, 306, 308, 310, 312, 314, 316 
and 318 Kelvin) were used for computation. 
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INTRODUCTION
1The vinca alkaloids are a subset of drugs 
derived from the Madagascar periwinkle 
plant. They were discovered in the 1950’s 
by Canadian scientists, Robert Noble and 
Charles Beer [1, 2]. Vinca alkaloids have 
been found to control diabetes, high blood 
pressure, and are the drugs that have even 
been used as disinfectants. There are four 
major vinca alkaloids (vinblastine, 
vinorelbine, vincristine, and vindesine) that 
are applied in clinical usages [3]. 

The vinca alkaloids are cytotoxics so 
that they halt the division of cells and 
cause cell death. During cell division, 
vinca alkaloid molecules bind to the 
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building blocks of a protein called tubulin 
and prevent from its formation. Tubulin 
protein normally works in cells to create 
“spindle fibers,” (also called 
microtubules). These microtubules provide 
cells with both the structure and flexibility 
they need to divide and replicate. Without 
microtubules, cells cannot divide. The 
vinca alkaloid’s mechanism in a nutshell: 
by occupying tubulin’s building block 
structure, vinca alkaloids inhibit cancer 
cells division. The antitumor activity of 
vinblastine is ascribed to primarily 
inhibition of mitosis at metaphase through 
its interaction with tubulin. Vinblastine  
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binds to the microtubular proteins of the 
mitotic spindle causes microtubule 
crystallization so that mitotic arrest or cell 
death [4, 5]. 

Vincristine’s inhibition of microtubule 
formation is especially powerful. Dynamic 
character of tubulin protein is the reason 
for this fact. Its long chain of building 
blocks is always growing in some places 
and breaking in others. The less contiguous 
parts of a tubulin molecule have pieces 
only two building blocks long, called 
dimers. Vincristine has a high affinity for 
tubulin dimers, and the reaction between 
vincristine and the dimers is rapidly 
reversible. That means a vincristine 
molecule will attach to a dimer at one site, 
break off, and then reattach at another site. 
This keeps two sites per dimer “poisoned” 
and unable to reassemble into the protein. 
So vincristine’s ability to destabilize 
tubulin is especially good [6, 7].  

The aim of this work is to understand 
molecular mechanic of vinblastine and 
vincristine drugs, which will be useful for 
designing anticancer drugs. 
 
THEORETICAL 

Background and Computational Methods 
The Monte Carlo method was invented by 
scientists working on the atomic bomb in 
the 1940s, who named it for the city in 
Monaco famed for its casinos and games 
of chance. Its core idea is to use random 
samples of parameters or inputs to explore 
the behavior of a complex system or 
process [8]. Molecular mechanic 
simulation method are especially useful in 
studying systems with a large number of 
coupled degrees of freedom, such as 
liquids disordered materials, strongly 
coupled solids and cellular structures. 

Simulation refers to methods aimed at 
generating a representative sampling of a 
system at a finite temperature [9]. Monte 

Carlo (MC) methods are a class of 
computational algorithms that rely on 
repeated random sampling to compute 
their results.  

The systems can be studied in the 
coarse-grained or ab initio frameworks 
depending on the desired accuracy. 
Computer simulations allow us to monitor 
the local environment of a particular 
molecule to see if some chemical reaction 
is happening for instance. We can also 
conduct thought experiments when the 
physical experiments are not feasible, for 
instance breaking bonds, introducing 
impurities at specific sites, changing the 
local/global structure, or introducing 
external fields. Biological systems such as 
proteins [10] membranes [11], images of 
cancer [12], are being studied by means of 
computer simulations. 

Thermodynamic averages of molecular 
properties can be determined from MC 
methods, as can minimum energy 
structures. MC simulations require only the 
ability to evaluate the energy of the 
system, which may be advantageous if 
calculating the first derivative is difficult 
or time- consuming. Furthermore, since 
only a single particle is moved in each 
step, only the energy changes associated 
with this move must be calculated, not the 
total energy for the whole system. A 
disadvantage of MC methods is the lack of 
the time dimension and atomic velocities, 
and they are not suitable for studying time-
dependent phenomena or properties 
depending on momentum. 

Geometrical optimizations of 
vinblastine and vincristine were carried out 
with the HF method coupled to 6-31G(d) 
basis sets for all atoms. Simulation was 
done in MM+, BIO+, AMBER and OPLS 
force fields. Some important energy 
parameters such as Potential Energy and 
Total Energy in ten different simulating 
temperatures (300, 302, 304, 306, 308, 
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310, 312, 314, 316 and 318 Kelvin) were 
used for computation. 

 
RESULTS AND DISCUSSION 
Monte Carlo statistical mechanical 
simulations were carried out in standard 
manner using the Metropolis sampling 
technique [13] in canonical (T, V, N) 
ensemble. 

The two compounds are very similar in 
the structure and molecular structure of 
vinblastine and vincristine has been 
presented in scheme 1. 

The main purpose is to find for the 
lowest energy, in which the molecule is in 
its most stable state. In this study AMBER, 
MM+, BIO+ and OPLS force fields were 
chosen. The total Potential Energy is the 
sum of mentioned contribution interactions 
based on the force fields. Therefore, force 
fields are a series of functional energy 

parameters that evaluate performance and 
calculate the Potential Energy of molecule  
in various positions of its constituent atoms 
and bonds [14, 15]. 

In this work, we have determined all 
possible potential and total energy of 
vinblastine and in vincristine by Monte 
Carlo method at 300, 302, 304, 
306,308,310,312,314,316, and 318 K. The 
obtained valuable data for thermodynamic 
parameters (E potential, E total), analyzed 
under the different simulation procedure, 
various temperatures values every 10 ps 
span are listed in tables. Calculations of 
potential energy and total energy were 
performed by four force fields (AMBER, 
BIO+, MM+ and OPLS). For example, the 
results obtained by AMBER and MM+ for 
vinblastine and vincristine have been 
tabulated as tables 1-4. 

 
Table 1. Calculated potential energy for vinblastine, belong to AMBER force field at ten different temperature 

 

Potential Energy (Kcal/mol)  

Method AMBER/ Monte Carlo  

Time 
(PS) 300 302 304 306 308 310 312 314 316 318 

10 50449000 53512342 53512342 53512342 53128563 52690522 52806650 52806650 52806651 52806650 

20 1314905.8 1626318.6 1626318.6 1785355.3 1204928.9 1787593.5 2115727.6 2115727.6 2094548.3 2127119.6 

30 271681.5 189228.57 189522.42 105404.19 163599.14 165276.17 116559.33 116262.21 217476.76 270463.7 

40 52361.15 29296.18 37555.35 21771.44 28030.01 35234.38 18926.18 23716.78 43225.02 62895.78 

50 13874.383 8497.899 10712.909 8287.879 7107.155 8711.508 8189.063 7894.82 11596.633 16761.794 

60 6035.871 4427.751 5305.803 4684.934 4082.47 4404.972 4590.423 4416.86 4773.3 5101.984 

70 2658.939 3458.772 3628.05 3561.057 3091.596 3166.71 3482.746 3371.445 3144.896 3418.002 

80 2018.184 2980.936 2950.486 2871.28 2612.269 2720.612 2756.059 2844.769 2472.099 2707.019 

90 1604.06 2608.213 2570.094 2488.824 2243.976 2475.265 2199.5 2568.873 1946.18 2265.44 

100 1288.7445 2293.1791 2301.0309 2252.82 1903.6555 2263.2345 1756.3964 2332.8191 1582.1818 1831.39818 
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Scheme 1. Molecular structure of vinblastine and vincristine (Vincristine: R= CHO; Vinblastine: R= 
CH3).  
 
Table 2. Calculated potential energy for vinblastine, belong to MM+ force field at ten different 
temperature 

 Potential Energy (Kcal/mol)

Method MM+/ Monte Carlo
Time
(PS) ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�� �������� �������� �������� �������� �������� ������� �������� �������� �������� ��������

�� �������� �������� �������� �������� �������� �������� �������� �������� �������� ��������

�� �������� �������� �������� �������� �������� �������� �������� �������� �������� ��������

�� �������� ������� �������� ������� �������� ������ �������� �������� �������� ��������

�� �������� �������� �������� ������� �������� �������� �������� �������� �������� ��������

�� �������� �������� �������� �������� �������� �������� ��������� ��������� �������� ���������

�� �������� �������� �������� �������� �������� �������� ������� �������� �������� ��������

�� ������� �������� �������� �������� �������� ������� �������� �������� �������� ��������

�� �������� �������� �������� �������� �������� �������� �������� �������� �������� ��������

��� ��������� �������� ��������� ��������� ��������� ��������� ��������� ��������� ���������� ����������

Comparisons of potential energy levels 
in different temperatures are displayed in 
Figs. 1a- 1d for vinblastine and 2a- 2d for 
vincristine. The energy plots versus time 
steps for four force fields have been 
illustrated in figure 2a-2d and 3a-3d. The 
plots show the same behavior for four 
methods at all 10 temperature intervals. 
 According to results observed in tables 
1 and 2 and figs 1 for vinblastine potential 
energy in different time steps and various 
force fields shows that maximum quantity 
observed in 310 K in OPLS force field and 
minimum quantity observed in 300 K, 
550.19 Kcal/mol in MM+ force field. 

According to results observed in tables 3 
and 4 and figs 2 for vincristine potential 
energy in different time steps and various 
force fields shows that maximum quantity 
observed in 310 K in AMBER force field 
and minimum quantity observed in 310 K, 
278.51 Kcal/mol in MM+ force field.  
 According to results observed in tables 
5 and fig. 3 for vinblastine total energy in 
different temperature and various force 
fields shows that maximum quantity 
observed in 308 K, 2526.39 Kcal/mol in 
OPLS method. 
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According to results observed in tables 
6 and fig. 4 for vincristine total energy in 
different temperature  and    various   force  
 

fields shows that maximum quantity 
observed in 306 K, 570.447 Kcal/mol in 
BIO+ method. 

Fig. 1. The graphs of vinblastine potential energy belong to a) AMBER b) BIO+, c) MM+, d) OPLS 
force fields. 

Table 3. Calculated potential energy for vincristine, belong to AMBER force field at ten different 
temperature 

Potential Energy (Kcal/mol)
Method AMBER/ Monte Carlo

Time
(PS) ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�� �������� �������� �������� �������� �������� �������� �������� �������� �������� ��������
�� ��������� ��������� ��������� ��������� ��������� ��������� �������� �������� �������� ��������
�� �������� �������� �������� �������� ������� �������� �������� �������� �������� ��������
�� �������� �������� �������� �������� �������� �������� �������� �������� �������� ��������
�� �������� �������� ������ �������� �������� �������� �������� �������� �������� ��������
�� �������� ������� �������� �������� �������� �������� �������� �������� �������� ��������
�� �������� ������� �������� �������� �������� �������� �������� ������� �������� ��������
�� �������� �������� �������� �������� �������� �������� �������� �������� �������� ��������
�� �������� ������� �������� �������� �������� �������� �������� �������� ������� ��������

��� �������� �������� ��������� ��������� ��������� ��������� ��������� ��������� ��������� �������
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Table 4. calculated potential energy for vincristine, belong to MM+ force field at ten different 
temperature 

Potential Energy (Kcal/mol)
Method MM+/ Monte Carlo

Time
(PS) ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
�� �������� �������� �������� �������� �������� �������� �������� �������� �������� ��������
�� �������� �������� �������� ��������� ��������� ��������� �������� �������� ��������� ��������
�� �������� �������� �������� �������� �������� �������� �������� �������� �������� ��������
�� �������� �������� �������� ������� �������� ������� �������� ������� �������� ��������
�� �������� �������� �������� �������� �������� �������� �������� �������� ������� ��������
�� �������� �������� ������� �������� �������� �������� �������� �������� �������� ��������
�� �������� �������� �������� �������� �������� �������� �������� �������� �������� ��������
�� �������� �������� �������� ������� �������� �������� �������� �������� �������� ��������
�� �������� ������� �������� �������� �������� �������� �������� ������� �������� ��������

��� �������� �������� �������� ��������� ��������� ��������� ��������� �������� ��������� ���������

Fig. 2. The graphs of vincristine potential energy belong to a) AMBER b) BIO+, c) MM+, d) OPLS 
force fields. 
 
Table 5. Computed total energy (kcal/ mol) for vinblastine, belong to AMBER, MM+, BIO+ and 
OPLS force fields under ten different temperature 

Total Energy (Kcal/mol)
Method ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
AMBER ������� ������� ������� ������� ������� ������� ������� ������� ������� �������

OPLS ������� ������� ������� ������� ������� ������� ������� ������� ������� �������
MM+ ������ ������� ������ ������� ������� ������� ������� ������� ������� �������
BIO+ ������� ������� ������� ������� ������� ������� ������� ������ ������� �������
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Fig. 3. The graphs of vinblastine Total Energy. 
 

Table 6. Computed total energy (kcal/ mol) for vincristine, belong to AMBER, MM+, BIO+ and OPLS 
force fields under ten different temperature 

Total Energy (Kcal/mol)
Method ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
AMBER ������� ������� ������� ������� ������� ������� ������� ������� ������� �������

OPLS ������� ������� ������� ����� ������� ������� ������� ������� ������� �������
MM+ ������� ������� ������� ������ ������� ������� ������� ������� ������� �������
BIO+ ������� ������� ������� ������� ������� ������� ������� ������� ������� �������

Fig. 4. The graphs of vincristine Total Energy. 
 
CONCLUSIONS
Performance of the Molecular Mechanic 
investigation of vincristine and vinblastine 
gave the potential energy and total energy 
by Monte Carlo method in different 
temperature. The study showed that the 
system has the different level of energy 
and the different stability which is caused 

by the forces from inside the system. The 
best spatial conformity which means the 
highest stability level or the lowest level of  
energy was found. Also, it is obvious from  
the above diagrams that maximum amount 
of potential energy is related to 312K, 
OPLS method for vinblastine and 310K, 

���

���

����

����

����

����

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

To
ta

lE
ne

rg
y

(K
ca

l/m
ol

)

T (K)

AMBER

OPLS

MM+

BIO+

���

���

���

���

���

���

���

���

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

To
ta

lE
ne

rg
y

(K
ca

l/m
ol

)

T (K)

AMBER OPLS MM+ BIO+



Shiva Joohari and Majid Monajjemi /J. Phys. Theor. Chem. IAU Iran, 12 (1) 77-84: Spring 2015 
 

84 
 

AMBER method for vincristine. The 
highest level of total energy observed in 
OPLS method for vinblastine and BIO+ for 
vincristine. So with considering high 
amount of total energy, there will be 
minimum stability in this method.  
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