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A B S T R A C T   

Fluorodeoxyglucose (FDG), marked with the most used Positron Emission Tomography (PET) radiopharma
ceutical Fluorine-18 (F-18), is a glucose analog and is taken to living cells through membrane glucose carriers. F- 
18 FDG involvement in tissue is proportional to glucose use. In many cancers, there is increased glucose use due 
to increased gluten expression and hexokinase activity. F-18 FDG PET is a proven method for diagnosis, staging, 
re-staging, and evaluation of treatment response in oncology. The purpose of this study is to find the effect of 
ionizing radiation on proteins in the mechanism of action of FDG and determine to Molecular mechanisms of F- 
18 FDG accumulation in metabolism. In the study, two different models were used together, the first method, the 
study was Molecular Docking method for modeling molecules deconstructed and the structure of FDG was energy 
minimized by utilizing the density functional theory, and the B3LYP functional was used with 6-311G basis set. 
The second method was the Monte Carlo method for modeling ionizing radiation interactive with the potential 
routes of FDG metabolism within the cell. It was determined that the Gibbs free energy (ΔG) change was 
compatible with the ionizing radiation factors for binding of FDG to the aphthous regions of Glucose-6-phosphate 
isomerase (G1), hexokinase (G2), and glucose transporter-1 (G3) were selected. In this study, the strong binding 
of FDG to protein influences the effect of radiation on the active site of enzymes. The G1 and G3 shown in the 
study interacted with only one charged amino acid FDG, and the absence of an aromatic residue around it can be 
considered among the results of this study as the cause of the low protective effect against ionizing radiation.   

1. Introduction 

Radiopharmaceuticals are used in diagnostic or therapeutic appli
cations that help to evaluate the clinical translation of diseases espe
cially different types of cancer. They contain pharmaceutical and 
radioactive parts. The design of radiopharmaceuticals requires upfront 
decisions regarding combining a suitable pharmaceutical part with an 
appropriate radionuclide, considering the type and location of the mo
lecular target, the desired application, and the time constraints imposed 
by the relatively short half-life of the radionuclides (Vermeulen et al., 
2019). 

Positron emission tomography (PET) is one of the most rapidly 

growing areas in nuclear imaging and PET radiopharmaceuticals have 
an important role in the clinical management of cancer patients. Among 
PET radiopharmaceuticals, F-18 is the most used radionuclide in the 
preparation of PET radiopharmaceuticals. It decays to 97% positron 
emission (β+) and has a half-life of 109.7 min and positron energy of 
635 keV (Jacobson et al. 2015). 

The β+ emitted by the F-18 radionuclide is ionizing radiation. 
Ionizing radiation has the energy to remove electrons from the orbits of 
the atoms it affects. Ionizing radiations occur in two forms (wave or 
particle). The positron is ionizing radiation in a wave structure. The 
positron has the same mass as the electron but is positively charged and 
is the electron’s antiparticle. Unstable nuclei perform electron capture 
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or positron emission to get rid of excess protons. In positron emission, a 
proton turns into a neutron and a positively charged electron and neu
trino are formed. The resulting positron collides with an electron, 
resulting in an annihilation reaction and two gamma rays are formed in 
the environment. The energy of each beam is 511 keV and they move in 
the opposite direction with an angle of 180◦. In PET camera systems, to 
detect photons going in the opposite direction, the detectors are placed 
opposite each other, and images are taken (Muehllehner and Karp 
2006). 

F-18 FDG is a common administration PET radiopharmaceutical and 
is prepared by using F-18. It localizes tumors, monitors response to 
treatment, and determines prognosis in patients with various cancers. 
The pharmaceutical part of F-18 FDG forms from FDG. FDG is a glucose 
analog and PET is used to assess metabolic activity by measuring FDG 
accumulation (de Geus-Oei et al., 2009). FDG participates in glucose 
metabolism and its uptake mechanism is formed from facilitated diffu
sion via glucose transporters. Glucose is phosphorylated by the enzyme 
hexokinase (HXK) to glucose 6-phosphate, which subsequently is 
metabolized to carbon dioxide and water in the cytosol during the up
take mechanism process. Deoxy glucose (DG) enters the cell similarly to 
glucose and is converted to deoxyglucose 6-phosphate which, however, 
does not undergo further metabolism and is trapped in the cancer cells. 
As a glucose analog, FDG enters the cell membrane using the same 
transporters as glucose. It is then phosphorylated into 
[18F]-FDG-6-phosphate. This metabolite is not a substrate for further 
enzymes and thus is trapped and accumulates inside the cell in pro
portion to the metabolism of glucose (Buchanan 2017; Shiue and Welch 
2004). 

Most cancer cells tend to metabolize glucose by glycolysis in the 
presence of oxygen, which is increased compared to normal cells. This 
increased glucose metabolism leads to the accumulation of F-18 FDG in 
cancer cells, which results in positive signals on Fluorodeoxyglucose- 
Positron Emission Tomography/Computed Tomography (FDG-PET/ 
CT) scans, providing information about the disease. However, the 
mechanisms by which F-18 FDG accumulates in cancer tissues are 
complex (Gillies et al. 2008). F-18 FDG does not specifically accumulate 
in cancer cells; it may also accumulate in inflamed areas where glucose 
utilization is increased. Despite its clinical utility, the cellular and mo
lecular mechanisms of F-18 FDG accumulation have not yet been 
elucidated (Plathow and Weber 2008). F-18 FDG enters the cell via the 
glucose transporter (GLUT) family of 14 promoters and is then phos
phorylated by HXKs to FDG-6 phosphate, which is stored in the cell due 
to its negatively charged state. The increase in GLUT receptors usually 
occurs in the presence of cancer cells and is associated with poor 
prognosis in patients. Although different tumor types express different 
GLUT receptors at different levels, upregulation of the GLUT1 receptor is 
common in most cancers and is associated with tumor stage and prog
nosis (Kawada et al. 2016). In addition to this condition, increased levels 
of HXK are seen in many cancers. HXK binds to the mitochondrial 
membrane and efficiently phosphorylates FDG to FDG-6 phosphate. As a 
result of this phosphorylation, FDG cannot be passed from the cell to 
another location and accumulates in the cell. Phosphorylated FDG can 
be dephosphorylated with glucose-6-phosphatase to F-18 FDG, but 
dephosphorylation is slow. Dephosphorylation of the phosphorylated 
polar presence of FDG occurs relatively slowly in cancer cells, which 
generally lack glucose-6-phosphatase or have low levels of 
glucose-6-phosphatase compared with noncancerous cells. The cellular 
concentration of F-18 FDG indicates the accumulation of F-18 FDG and 
the glycolytic activity of exogenous glucose. From the amount of FDG 
accumulated in tissue over a period, the rate of glucose uptake by that 
tissue can be calculated. Accumulation of F-18 FDG is strongly depen
dent on GLUT1 and the rate-limiting glycolytic enzyme HXK in most 
cancers (Medina and Owen 2002; Jadvar et al. 2009; Smith 1999; 
Mathupala, Ko, and and Pedersen 2006; Smith 2000). 

It is known that three main factors affect the accumulation of FDG in 
cancer cells. FDG is transported into the cell by glucose transport 

proteins such as GLUT1. When transported into the cell, FDG is phos
phorylated by the glycolytic enzyme hexokinase to become F-18 FDG- 
phosphate, which accumulates within the tumor cell due to the low 
membrane permeability of FDG-6-phosphate. The levels of FDG-PO4 
also depend on the activity of glucose-6-phosphatase, the enzyme 
which removes the phosphate from this compound (Burt et al., 2001). 
Hence, high levels of glucose-6-phosphatase accelerate the conversion of 
FDG-6-phosphate to FDG, reducing the accumulation of FDG and 
causing its release from cells (Izuishi et al., 2014). The low radiation 
effect of glucose-6-phosphatase reduces the conversion of 
FDG-6-phosphate to FDG and increases the retention of FDG in the target 
site. 

The use of the radiopharmaceutical F-18 FDG in oncology is based on 
the rate difference in glucose metabolism and glucose uptake rate in 
benign and malignant cells. In addition, F-18 FDG uptake is also accel
erated in inflammatory processes such as infections, granulomas, and 
other processes, leading to false positives and lower specificity. The 
uptake of F-18 FDG can vary widely in different tumor types. The 
observation of high uptake in the PET image following FDG uptake is 
generally associated with a high number of viable tumor cells, high 
GLUT1 expression, and an increase in hexokinase enzyme activity. 

In this article, docking studies are used to examine the mechanism of 
action of FDG and the effect of its radiation on binding proteins. Glucose- 
6-phosphate isomerase (G1), hexokinase (G2), and glucose transporter-1 
(G3) proteins were selected for this study. The ionizing radiation 
interaction of the G1, G2, and G3 can be understood through various 
parameters expressing the ability of the proteins to attenuate/absorb 
radiation. 

2. Material and method 

2.1. Docking study 

The structure of FDG was energy minimized by utilizing the density 
functional theory. The B3LYP functional was used with a 6-311G basis 
set. This structure has been utilized for docking. The protein structure of 
G1, HXK, and GLUT1 used for the calculations were downloaded from 
the RCSB website and the protein data bank (PDB) codes are 1HM5, 
1QHA, and 5EQH respectively (Cordeiro et al., 2003; Rosano et al., 
1999; Kapoor et al., 2016). The structure preparation of the proteins has 
been performed by Molecular Graphics Laboratory (MGL) Tools. Auto 
Dock 4.2 was utilized for all the calculations and the Lamarckian algo
rithm was employed (Sousa et al. 2006). An 80 x 80 x 80 grid box was 
used for docking calculations. Discovery Studio 2017 R2 client and 
Samson 2020 R2 were utilized for visualization and structural analysis 
of the docking results. 

2.2. Monte Carlo simulations and nuclear radiation attenuation 
properties 

Ionizing radiation interaction with matter can be understood via 
several parameters that express the ability of matter to attenuate/absorb 
the radiation. For photon interaction (e.g. x and gamma rays interac
tion), the mass attenuation coefficient (MAC) is a very important 
quantity that helps to differentiate the photon attenuation capacity of 
the matter (Berger 2005; Sharifi et al. 2013). The MAC values play the 
main role to determine vital related parameters, such as effective atomic 
number (Zeff), for photon attenuation characterization (Ozge Kilicoglu 
et al., 2022b; Vahapoglu et al., 2022; Ozdogan et al., 2022). 

In the current investigation, both the WinXCOM program and 
MATLAB simulation were employed to evaluate the MAC values for 
[18F]-FDG interaction with enzymes such as D-Glucose 6-phosphate 
isomerase, Hexokinase, and protein such as Glucose transporter 1. 

The theoretical base of MAC calculation depends on Beer-Lambert 
law as φt(E, xm) = φo(E)e− MAC xm . Here, φo is incident photons flux, xm 

is the mass thickness, and φt is the transmitted flux through the matter. 
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For the charged particle interaction (heavy charged particles such as 
proton and alpha), the mass stopping powers (MSP) and projectile 
(incident particle) range are very important quantities that help to 
differentiate the proton/alpha attenuation capacity of matter. In the 
current investigation, we used the SRIM platform for determining both 
MSP and ranges for the heavy charged particles(J. F. Ziegler 2004; J. 
Ziegler et al. 2008) 

3. Results and discussions 

3.1. Docking study 

The interaction of synthetic and natural products with bio-macro 
molecules can be understood through docking study (Sepay et al., 
2016, 2017). To find the mechanism of action of FDG and the effect of its 
radiation on the binding proteins, docking studies have been utilized. In 
this case, G1, HXK (G2) and GLUT1 (G3) have been chosen for the study. 
The docking results showed that the FDG molecules can bind with all 
these samples at their active site. However, the binding affinity of FDG 
with these proteins are non-identical. The change of Gibbs free energy 
(ΔG) for the binding of the fluorinated glucose at the active site of the 
glucose-6-phosphate isomerase, HXK, and GLUT1 are -12.89 kcal/mol, 
-14.11 kcal/mol, and -10.37 kcal/mol respectively. Therefore, the 
strong protein bind of FDG can influence their radiation effect of them. 

To understand how the radiation effect occurs, a deep structural 
investigation is required. The binding of the FDG at the active site of the 
G2 is shown in Fig. 1a. The molecule gets an amphiphilic environment 
inside this pocket (Fig. 1 b). In this site, the molecule interacts with F67, 
V68, R69, S70, and V456 amino acid residues (Fig. 1 c) through 
hydrogen bond (green) and C–H … π interactions (faint green). The 
electromagnetic radiation of FDG’s F atom can interact with the aro
matic electrons of F67 and the charge of R69 amino acid residues. Such 

interactions may play an important role in its high radiation effect. In 
the case of G1 and G3, only one charged amino acid interacted with the 
FDG (Fig. 2 (a), (b)) and the absence of aromatic residue in the vicinity 
of it may be the cause of low protection against ionizing radiation. 

Therefore, the strong binding of FDG at the active site of a protein 
can reduce the effect of radiation energy on the protein through efficient 
energy transfer to the nearest aromatic and charged amino acid residues, 
and thus the protein exhibits a high protective effect. 

3.2. Nuclear radiation attenuation properties 

Shielding, research, and simulation work are extensively used in the 
literature to examine gamma-ray attenuation parameters in identifying 
the best material available (Ozge Kilicoglu and Mehmetcik, 2021). The 
composition of G1, G2 enzymes and G3 protein was given in Table 1. The 
MAC values of the present enzymes and protein (Glucose 6-phosphate 
isomerase, HXK, and GLUT1) were obtained via MATLAB simulation, 
and direct calculations via the WinXCOM platform for the energy 
spectrum of photons within the range 0.015–2 MeV are listed in Table 2. 
To compare MAC values obtained via the two procedures, the factor 
namely Dev. (in %) is used in this task. This factor was calculated based 
on the expression: 

Dev. (%)=
⃒
⃒
[
(MAC)WinXCOM − ((MAC))MATLAB

]
÷((MAC))WinXCOM

⃒
⃒× 100

(1) 

Such factor of Dev. (%) is quantitatively referred to as the deviation 
in the value of MAC obtained via the two aforementioned procedures at 
each photon energy. With respect to the listed values of Dev in Table 2, it 
is clear and safe to conclude that results from the two aforementioned 
procedures are in agreement and comparable to each other. For all of the 
studied enzymes and protein (Glucose 6-phosphate isomerase, Hexoki
nase, and Glucose transporter 1) the maximum value of Dev. (%) was 

Fig. 1. (a) Docking pose of FDG at the active site of hexokinase, (b) the micro environment of FDG, (c) various non-covalent interactions between FDG and amino 
acids of hexokinase. 
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less than 0.05%. This signifies that the simulation outcomes are reliable 
and accurate. 

We plotted MAC values against photon energy for all the G1, G2 
enzymes, and G3 protein specimens to appreciate the variation of MAC 
not only with respect to energy but also with respect to density and 
chemical composition (Kılıçoğlu, 2019b; Kilicoglu et al., 2021). Fig. 3 
represents the MAC profile of the G1, G2 enzymes and G3 protein for 
incident energy reaching 2 MeV. Clearly, the max. MAC value can be 
seen at the energy of 0.001 MeV, thereafter there is a remarkable drop in 
the values of MAC up to 0.002 MeV. Above 0.002 MeV, the MAC values 

seem to be constant and there is no observable change in MAC with 
increasing the energy. The trend of MAC for the G1, G2 enzymes, and G3 
protein at the considered energy range can be explained based on the 
photon partial mechanisms. For example, the remarkable drop in MAC 
values occurred due to the photoelectric absorption, while the multiple 
interactions produced by Compton scattering led to pausing the varia
tion of MAC values with energy. The Zeff is a quantity that clarifies the 
effects of atomic numbers of the constituents/elements of a chemical 
composite material on its photon interaction and absorption ability 
(Ozge Kilicoglu and Tekin, 2020a; Kara et al., 2020; O. Kilicoglu et al., 

Fig. 2. various non-covalent interactions between FDG and amino acids of (a) glucose-6-phosphate isomerase and (b) glucose transporter-1.  

Table 1 
D-Glucose 6-phosphate isomerase, Hexokinase enzymes and Glucose transporter 1 protein codes and elemental compositions.  

Sample code Sample C N O S H Density (g/cm3) 

G1 D-Glucose 6-phosphate isomerase 54.0572 17.1889 20.6797 1.0221 7.0521 1.678 ± 0.1 
G2 Hexokinase 52.5361 17.2161 21.194 1.9786 7.0752 1.612 ± 0.1 
G3 Glucose transporter 1 55.53 16.448 19.448 1.3242 7.2499 1.694 ± 0.1  

Table 2 
The mass attenuation coefficients (cm2/g) values with F-18 FDG interaction from MATLAB and WinXCOM for G1, G2 enzymes and G3 protein.  

G1 G2 G3 

MeV Matlab WinXcom % Dev Matlab WinXcom % Dev Matlab WinXcom % Dev 

0.001 2738.735 2739.000 0.000 2753.070 2753.000 0.000 2697.787 2698.000 0.000 
0.002 905.295 893.600 0.013 871.158 899.300 0.031 900.765 879.400 0.024 
0.002 391.561 393.300 0.004 394.370 396.100 0.004 385.146 386.800 0.004 
0.003 226.022 231.300 0.023 248.957 250.500 0.006 215.467 208.800 0.032 
0.003 135.169 132.400 0.021 147.891 145.000 0.020 136.791 134.000 0.021 
0.004 56.284 56.780 0.009 62.189 62.730 0.009 57.138 57.640 0.009 
0.005 29.394 29.230 0.006 32.692 32.510 0.006 29.905 29.740 0.006 
0.006 17.028 16.940 0.005 19.053 18.930 0.007 17.556 17.260 0.017 
0.008 7.077 7.171 0.013 7.959 8.064 0.013 7.229 7.325 0.013 
0.010 3.723 3.719 0.001 4.196 4.192 0.001 3.807 3.803 0.001 
0.020 0.617 0.619 0.002 0.679 0.680 0.003 0.629 0.631 0.002 
0.030 0.319 0.316 0.009 0.338 0.334 0.010 0.323 0.320 0.009 
0.040 0.239 0.240 0.002 0.247 0.247 0.002 0.244 0.241 0.013 
0.050 0.209 0.209 0.001 0.213 0.213 0.001 0.210 0.210 0.001 
0.060 0.193 0.193 0.002 0.195 0.195 0.002 0.194 0.193 0.002 
0.080 0.174 0.174 0.002 0.175 0.175 0.001 0.175 0.175 0.001 
0.100 0.163 0.163 0.000 0.164 0.164 0.001 0.163 0.163 0.000 
0.200 0.132 0.132 0.001 0.132 0.132 0.001 0.132 0.132 0.000 
0.300 0.114 0.114 0.003 0.114 0.114 0.003 0.114 0.114 0.004 
0.400 0.102 0.102 0.001 0.102 0.102 0.001 0.102 0.102 0.001 
0.500 0.093 0.093 0.002 0.093 0.093 0.001 0.094 0.093 0.001 
0.600 0.086 0.086 0.003 0.086 0.086 0.003 0.086 0.086 0.006 
0.800 0.076 0.076 0.002 0.076 0.076 0.001 0.076 0.076 0.001 
1.000 0.068 0.068 0.000 0.068 0.068 0.000 0.068 0.068 0.000 
1.500 0.056 0.055 0.005 0.055 0.055 0.016 0.056 0.056 0.005 
2.000 0.048 0.048 0.000 0.048 0.048 0.001 0.048 0.048 0.000  
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2022a). Fig. 4 represents the Zeff profile of the G1, G2 enzymes, and G3 
protein for incident energy reaching 2 MeV (Kilicoglu, 2019a). Here, one 
can see that the highest value is around 8 for the specimen of G2 
(Hexokinase). The reason for such interesting observation is that the 
Hexokinase specimen contains the highest content of S element among 
the studied specimens. Therefore, the photon makes more collisions in 
this case (e.g., the photon passes through more electrons) leading to 
more attenuation in the final state of the transmitted photon. 

As a second step, we shall discuss the attenuation of heavily charged 
partials as they pass through the G1, G2 enzymes, and G3 protein for F- 
18 FDG at kinetic energy reaching 2 MeV. Fig. 5 represents the MSP 
profile of the G1, G2 enzymes, and G3 protein for the heavy charged 
particles (a) proton and (b) alpha particles. From Fig. 5 (a), the proton 
interaction with the results of the present enzymes and protein appears a 
peek at the kinetic energy of 0.08 MeV with the value of 0.711 MeV cm2/ 
mg. Thereafter, there is a continuous decrease with increasing the ki
netic energy of the incident charged particle. From Fig. 5 (b), the alpha 
particle interaction with the results of the present enzymes and protein 
to appear a peak at the kinetic energy of 0.65 MeV with the value of 

1.879 MeV cm2/mg. Thereafter, like in the case of the proton, there is a 
continuous decrease with increasing the kinetic energy of the incident 
charged particle(Tekin et al., 2020; Alothman et al., 2021; Kilicoglu and 
Tekin, 2020b). The differences between the proton and alpha in
teractions with enzymes and protein can be explained based on the 
projectile mass. Such that, in our study, the mass of the alpha particle is 
heavier than the mass of the proton. Thus, one needs more power to stop 
the heavier radiation (alpha in the current work). Fig. 6 represents the 
projectile range profile of the G1, G2 enzymes, and G3 protein for the 
heavy charged particles (a) proton and (b) alpha particles. Obviously, 
the range of G1, G2 enzymes, and G3 protein for proton interaction are 
higher than that of alpha interaction. This is due to Coulomb’s force 
which is based on the inverse-square law that quantifies the amount of 
force between two stationaries, electrically charged particles. It is worth 
mentioning that the specimen of G2 (Hexokinase) possesses the highest 
values of both MSP and projectile range. 

4. Conclusion 

In studies conducted to find the effect of ionizing radiation on pro
teins in the mechanism of action of FDG, it was determined that the ΔG 

Fig. 3. Variation of mass attenuation coefficient (μm) values as a function of 
photon energy for G1, G2 enzymes and G3 protein. 

Fig. 4. Variation of effective atomic (Zeff) number values as a function of 
photon energy for G1, G2 enzymes and G3 protein. 

Fig. 5a. Proton mass stopping powers of variation as a function of kinetic 
energy for the selected G1, G2 enzymes and G3 protein. 

Fig. 5b. Alpha mass stopping powers of variation as a function of kinetic en
ergy for the selected G1, G2 enzymes and G3 protein. 
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change was compatible with the MAC and Zeff values for binding of FDG 
to the aphthous regions of G1, G2 enzymes, and G3 protein. In this case, 
the strong binding of FDG to protein affects the effect of radiation on the 
active site of enzymes. In the G1 enzyme and G3 protein shown in Fig. 2 
(a) and (b), only one charged amino acid interacted with FDG, and the 
absence of an aromatic residue around it could be the reason for the low 
protective effect against ionizing radiation. The strong binding of FDG in 
the active site of the enzyme can reduce the effect of radiation energy on 
the protein through efficient energy transfer to the nearest aromatic and 
charged amino acid residues so that the protein exhibits a high protec
tive effect. Examination of the FDG metabolic pathway reveals that FDG 
has a high binding capacity and strong interaction with protein struc
tures in the cell membrane. When these proteins interacting with FDG 
were examined, it was found that the highest binding capacity belonged 
to hexokinase. It was interpreted that hexokinase protects the protein 
structure from radiation thanks to the presence of aromatic and charged 
amino acid residues in the active site. 

It was suggested that the ΔG between G1, G2 enzymes, and G3 
protein and FDG is parallel to MAC, Zeff, and that the effect of radiation 
on these enzymes and protein affects the binding efficiency. It is 

suggested that the presence of aromatic and charged structures in the 
binding site protects the protein from the radiation energy and thus 
increases the binding efficiency. Moreover, these results are consistent 
with the MAC, Zeff, MSP, and PR values of G1, G2 enzymes and G3 
protein. In docking studies, the mechanism of action of FDG and the 
effect of its radiation on binding proteins with high radiation efficiency 
were also demonstrated with the ΔG values obtained MAC and Zeff 
values. The proton and alpha particle protection of FDG was investi
gated using MSP and PR measurements. Therefore, the MSP values of the 
enzymes and protein investigated (G2, G1, G3) increased, respectively. 
As a result, G2 (Hexokinase) was discovered to have the greatest radi
ation attenuation property. 

Understanding the biochemical and pharmaceutical transition 
pathways related to the disease is critical in designing innovative ra
diotracers for PET/CT imaging. 

This work reveals scientifically how FDG and the substrate of 
glucose-carrying proteins interact in the cell by attaching itself to the 
regular glycolytic pathway at the first stage. Furthermore, based on this 
research, we were able to identify novel PET/CT radiopharmaceuticals 
with evidence of enhanced GLUT expression and hexokinase activity in a 
variety of malignancies. 

Extensive research in animals and volunteers in simulated settings 
and in vivo are required for the development of novel radiopharma
ceutical formulations. We also think that combining Monte Carlo and 
Molecular Docking simulation systems in drug discovery and develop
ment can lower drug discovery expenses. 
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