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ABSTRACT 

Molecular dynamic simulation has been used as an effective tool to study about the application of 

carbonic nanotube in drug targeting. Anticancer drug paclitaxel capsulated into carbonic nanotube and it 

was transmitted through bio membrane, dipalmitoylphosphatidylcholine using simulation GROMACS 

software. The natural permeability process in drug targeting is conducted slowly, so guided molecular 

dynamic and velocity parameters have been studied as the most important parameters. The effect of 

velocity on required force to permeate into nanotube, the interactions between paclitaxel and nanotube, 

water and membrane molecules entered nanotube and also between nanotube, as a drug carrier, and 

membrane molecules have been studied. Analyzing the permeability of carrier and drug, some strategies 

have been introduced for releasing drug from nanotube. 

 

Keywords: Molecular Dynamic Simulation, Releasing Process of Anticancer Drug, Paclitaxel, 

Dipalmitoylphosphatidylcholine 

 

INTRODUCTION 

One of the most important factors in the science of medicine is drug delivering to affected part of body 

which is under treatment. So far many studies have been carried out on this field, while using nano carries 

are known as the most effective ways to achieve this aim. Carbonic nanotubes are one of the most 

important carries (Yu et al., 2000). Through computer simulation in nano scale, the possibility of 

nanotubes usage in drug targeting can be studied. Nano technology is the guidance of science and 

engineering in nano scale (Ulbrich and Lamprecht, 2010). Nano scale means 1 to 100 nm includes atom 

and molecule dimensions. In such dimensions, quantum mechanics rules identify the manner and 

properties of particles that its significant result is the adjustability of attributions that eventually can reach 

to desired properties by changing the size of particles (Janib et al., 2010). Therefore, the properties such 

as melting point, fluorescent, electric conductivity, magnetic permeability and chemical reactivity change 

as a function of particle size. In addition of quantum effect, changing in specific surface changing, will 

lead to increasing surface in contact to environment and then to increasing reactivity of matter (Bhaskar et 

al., 2010).  

Nature can prove the importance of nano scale, because nature has completed the art of biology in nano 

scale and most cells such as hemoglobin operate naturally in nano scale. Above mentioned properties 

introduce a new route toward observing and studying (Ebbesen and Ajayan, 1992; Walters, 1999). A 

route which is leads to the some fields such as medicine, pharmacy, biology, physics, chemistry 

engineering, mechanic engineering, electrical engineering and material engineering. It may be the reason 

that analyzers know nano technology as constitutive domain of third industrial revolution. Although, 

many bio molecules absorbed on nanoparticle surface or connector have shown a good treatment activity 

such as more solubility in water, better biological adaptation and toxicity reduction many examples show 

that interaction with carrier or environment can inactivate or even damage drug molecules. So, for 

transiting drug molecules, they have recently been capsulated into nanotube (Linninger et al., 2008). 

The advantage of this method is the ability of nanotube in protecting drug and slow releasing of drug 

through self-covering and therefore increasing the effect of drug. There are different kinds of capsulation 
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drug into nano tube such as nano derivation and nano density (Porter et al., 2007). After drug targeting of 

affected organ by drug carrier, the release of drug should be done. Releasing process depends on kind, 

does, and readiness technique of drug as well as environmental conditions in which the drug is released. 

In addition, geometric shop, dimension of drug carrier and interaction among drug, carrier and 

environment are effective on the process (Meyyapan, 2005). The effect of different factors in this process 

causes to suggest different models for anticipating the kinetics of drug releasing including zero-order 

kinetics, first-order kinetics, Weibull model, Higochi model, Hopfenberg model and etc. It is mentionable 

that most introduced models are applicable about polymeric drug carriers. Before investing in each 

industry, analyze of project success is important especially in pharmacy industry which is directly related 

to human health. Therefore, many experimental investigations and simulation have been carried out to 

study the manner of different drugs before their mass production (Puretzky and Geohegan, 2000; 

Brasnjevic et al., 2009). By using the simulation of drug targeting systems, the study of phenomena such 

as surface absorption and permeation will be possible and the affectability of drug, carrier or drug 

targeting can be studied. Because the effect of intermolecular forces in mentioned phenomena and putting 

many bio molecules in nano scale, simulation in nano scale is very important in drug targeting and many 

investigations have been carried out in this field (Villiers et al., 2009). So, in present study, the 

permeation of capsulated drug paclitaxel into carbonic nanotube from two layers membrane 

dipalmitoylphosphatidylcholine (DPPD) will be studied. 

Paclitaxel is an anticancer and poisonous, so it will be capsulated into a vacuum nanotube. It causes to 

reduce the effect of drug on other organs and inactivate enzymes and immune system. Then ready drug 

targeting system will be transmitted through cellular membrane by guided molecular dynamic simulation 

and we will study about the effect of factors on system such as velocity. 

Finally, we will research about the effective factors on drug releasing. Observing single wall carbonic 

nanotubes into cell by using electronic microscope, fluorescent microscope and spectroscopy has shown 

that carbonic nanotubes have the permeability into cell. Experiments carried out in natural and synthetic 

environments have proved that the transitional systems of nanotube can be used for delivering different 

kinds of components including acid nucleics, proteins, anticancer factors- such as doxorubicin, and 

paclitaxel – amphotericin antibacterial factor, dexamethasone and etc. for using nanotube as drug carrier, 

drug can be connected to nanotube or capsulated it into nanotube. In the field of drug targeting, by using 

nano technology, many nano particles were studied. Among them, carbonic nanotubes were more 

important because of their shape and some unique properties. The investigations on drug targeting by 

using carbonic nanotubes can be divided into three groups: 

First group study is about capsulation drug into carbonic nanotubes. In this field, Hilder and Hill 

investigation is notable. They studied about the usage of carbonic nanotubes as nano capsule. They also 

study the possibility of capsulation two anticancer drugs, paclitaxel and doxorubicin. 

In another investigation, doing by Kang and his colleagues, they study about capsulation a kind of peptide 

via guided dynamic molecular simulation. 

Arsawang and his colleagues studies about using carbonic nanotubes as gemcitabine carrier which is an 

anticancer drug and they found the best situation of drug into nanotube. The second group studied on the 

permeation and interaction of carbonic nanotubes from different cellular members. In this field, Lopz and 

his colleagues, Shi and his colleagues, Wallas, Sanaom, Gangopomo and his Colleague are notable. In all 

investigations, nanotube transited through cell membrane alone and studies have been only done on 

nanotube. The third group study is on the process of drug by supposing that capsulated drug into nanotube 

are transiting trough membrane. In this direction, Chaban and his colleagues studied about Siproflaxasin 

releasing, a kind of antibiotic, from nanotube by using close infrared radiation. Panzik and his colleagues 

investigated the possibility of drug releasing by using magnetic field as propellant. 

Molecular Dynamic Simulation 

In this research, field of force GroMos-96 is selected. This field of force is suitable for simulation of bio 

molecules. Besides, carbonic nanotube can be considered as a big organic molecule. After selecting the 

field of force, parameters related to carbonic nanotube were added to related files. The system which has 
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been ready for simulation includes 384 molecule DPPC, one single wall carbonic nanotube and one 

paclitaxel molecule. The structure of two layers membrane DPPC had previously been modified in a 

separate simulation at 323 k temperature. We produced carbonic nanotube molecule by using VMD 

graphic software. Via prodrug server, we get the coordination and topology of paclitaxel (Faraji, 2009). 

With regard to previous researches in which the best nanotube dimension has been introduced to 

capsulate paclitaxel by using chiral vectors (15, 15) and 1 nm diameter, this nanotube was chosen for 

simulation the length of nanotube was supposed as 5 nm. We put carbonic nanotube, paclitaxel and DPPC 

membrane into a rectangle simulation box in dimensions of 11/4×11/4×26 nm3. Paclitaxel has been 

placed at the center of nanotube (Figure1) and we adjusted the closest distance from nanotube end to 

membrane as 1nm (Figure 2).  

 
Figure 1: Paclitaxel Encapsulated Inside the Carbon Nanotube 

 

 
Figure 2: Initial Configuration System 

 

In this phase, the prepared system has been solved in water molecules. Solvation phase is performed to 

produce a real situation for system and to consider the solvent for computing the interactions. The number 

of water molecules for solving this system is 91475. Simple point change model was chosen for water 

molecules because the thermodynamic potential function of this model is suitable for computing the 

system.  

With regard to three atoms presenting in molecule, there are three interactions area in this model. To start 

simulation, energy minimization with a suitable configuration will be operated. If at the beginning of 

simulation, the energy of system is high, the simulation will not be alone successfully. So before the start 

of simulation we transit the system to the nearest local minimum (Siepmann et al., 2006).  

There are three ways in GROMACS for energy minimization: The fastest reduction, conjugate gradients 

and BFGS. Among them we chose steepest descent method. Although this method doesn’t have the best 

search algorithm, it is a powerful method and its implementation is simple. For minimizing the energy of 

carbonic nanotube molecules, paclitaxel and lipid were limited in their situation and the energy of system 

has been minimized only by the movement of water molecules (Cherukuri et al., 2004; Hughes, 2005). 
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Figure 3 shows the diagram of system potential energy through energy minimization process. The curve 

demonstrates that system is in a good position to start simulation. In energy minimization process, 

regardless of temperature and pressure in which simulation has being operated, solvent molecules were 

optimized.  

But in moderation phase of system, we will approach it to simulation temperature and pressure. In this 

project we used NPT procedure in which the number of particles, pressure and temperature would be kept 

constantly. Most laboratory measurements are done in constant temperature and pressure. So, simulation 

with isobar – isotherm procedure can be directly related to laboratory data. In moderating process of 

system, 2 fs has been used for integration in MD method and we limited them by lynx algorithm to 

eliminate bonds oscillations and vibrations. Lynx algorithm is constant and fast. List has being updated 

for computing each 10 fs and in shear radius about 1/0 nm.  

Computations related to electrostatic interactions have been done with PME method and within the 

restriction of 1/0 nm shear radius and van der Waals interactions in ¼ shear radius. System temperature 

has been kept constantly by using Hover-Nose thermometer and temperature has been kept at 323 k. this 

temperature is higher than DPPC membrane phase transition temperature, which is 315 k. in this 

temperature; membrane has a phase transition from gel to liquid state. Lipid molecules movement 

increases and permeation will be possible.  

The temperature of system can adjust by changing the velocity of particles. The pressure of system is kept 

constantly on 1 bar by using Rahman-parino barometer. Pressure adjustment is done by changing the size 

of simulation box and its adjustment comparing to the temperature adjustment of system needs more time 

(Terrones, 2003). 

 

 
Figure 3: The Potential Energy of the System during Energy Minimization Process 

 

Through 6/5 ns program operation, to stabilize the system; carbonic nanotube was limited in its position 

in three directions. Membrane molecules have free movement toward x and y directions and paclitaxel 

and water molecules could move freely in all three directions. At the end of program, we observed that 

paclitaxel molecule approached to an end of carbonic nanotube which was further than membrane. 

Paclitaxel movement causes the formation of more hydrogenic joint with water molecules presenting in 

environment but it didn’t go out of the nanotube chamber (Somayaji et al., 2008).  

Figure 5 shows pressure fluctuations and Figure 4 shows temperature fluctuations through the process of 

adjustment. Figure 6 shows system density when it is stabilized. System density is close to water density 

and fluctuation domain with low density shows that the system has been stabilized well. After stabilizing, 

the system is ready to start SMD simulation. 
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Figure 4: Temperature System during the Process of Equalization 

 

 
Figure 5: Pressure System during the Process of Equalization 

 

 
Figure 6: Density System during the Process of Equalization 
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To start SMD simulation, we connected nanotube molecules and paclitaxel to atoms via a harmonic and 

spring. An external potential and time function caused atoms to move in a constant velocity and then to 

move nanotube molecule and paclitaxel. The direction and time of movement are adjustable. Required 

force for this displacement will be computed by differentiation of potential function (Shuai et al., 2010). 

When nanotube and paclitaxel are moving, the interactions between them and between solvent and 

membrane can be computed. Because nanotube has been restricted, so it can only move in Z direction. 

Regarding to living cells which covered by a layer of polysaccharide on external surface of membrane, 

the above limitation seems logical. Contrary to nanotube molecule, paclitaxel molecule could move freely 

in every direction during simulation process. During the program operation, temperature and pressure 

were controlled by Hower-Nose thermometer and Rahman-Parinlo barometer.  

 

RESULTS AND DISCUSSION 

In this project, 9 different simulations have been carried out. At one simulation, the system had only 

nanotube and membrane. In this simulation, tension rate is 0/01 nm/ps and constant force of spring is 

1000 kgmol-1
nm-2 .This simulation was accomplished to research about nanotube permeation, the precision 

of method and the comparison of required force when drug has been capsulated into nanotube and when 

there is nanotube alone. After proving the precision of method, four simulations were performed via a 

system which is included carbonic nanotube, paclitaxel and two layers membrane. These simulations 

were performed with 0/01 nm/ps, 0/0075 nm/ps, 0/005 nm/ps and 0/0025 nm/ps and constant force of 

spring 1000 kJmol-1 nm-2. 

It is mentionable that constant force used for limiting nanotube movement equals to this value only in Z 

direction. We also did the results are correct. At the end of simulation, required force will be gained. In 

addition, the coordination of particles, presenting in system, have been written in output file and as a 

function of time, their movement direction has being represented. Many Macroscopic properties can be 

gained from output file. But we only investigate those properties gained through searching the precision 

of results (Ochekpe and Olorunfemi, 2009; Iyuke et al., 2007). 

Diffusion Mechanism 

Carbonic nanotube in primitive configuration of system has been placed at 1/0 nm far from two layers 

membrane (Figure 7A). Nanotube movement with constant rate about 0/01 nm/ps causes it to be close to 

membrane (Figure 7B). When nanotube reached to membrane surface, its more movement causes 

disturbance in fat molecules and a curve will be appeared in membrane (Figure 7C). Finally, nanotube 

will be completely placed in membrane (Figure 7D). In continuation of movement, hydrophobic nanotube 

should get out of the lipidic continuations and then enter the hydrophile phase of membrane and then 

enter an equal solvent. This movement causes the expansion of some lipid molecules around nanotube 

and their existence from membrane along with nanotube (Figure 7E).  

The reason of lipid molecules exit from membrane can be considered as an attempt to cover hydrophobic 

mismatch between nanotube and environment. When nanotube and capsulated drug are passing through 

cell membrane, required force has been estimated and its graph has been shown in Figure 8. The figure 

shows, when nanotube is passing through hydrophobic area of membrane (about 0-30 Å) because of 

lacking nanotube tendency to enter hydrophobic area with such velocity, the placement will not 

significantly changed by passing the time. 

So, the velocity will be increased and eventually required force for moving the system will be increased. 

In addition, some lipid molecules move toward that to cover nanotube. Such movements cause the force 

to increase and it will continue until a great part of nanotube enters hydrophonic phase of two layers 

membrane.  

Then, by increasing the amount of nanotube permeation (about 30-60 Å), the force will be decreased. By 

placing in a hydrophobic environment, the energy of nanotube will be decreased, so the placement 

process will be increased by passing the time (Farokhzad and Langer, 2009). 

Again, when nanotube is being extended to exit through lipid continuations and enter a hydrophonic 

environment, external force increase and lipid molecules force against nanotube and try to draw it into the 
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center of two layers membrane (about 60-100 Å) in this way, some fat molecules exit along with 

nanotube to prevent them from confronting aqua environment.  

 

 
Figure 7: Diffusion of Paclitaxel Encapsulated in a Lipid Bilayer Membrane of Carbon Nanotube 

 
Figure 8: Force Against Displacement during the Process of Nanotubes and Paclitaxel for the Speed 

0/01 nm / ps 
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Comparing the Graph of Nanotube Force Alone and Drug Carrier Nanotube 

Although nanotube permeation is done via an external force, observing nanotube into cell in laboratory 

proves that such process can be occurred in body. In present research, in simulation which is performed 

by using nanotube alone, we assured it’s correctness by passing nanotube through two layers membrane 

of cell. The result of gained amount of force in this simulation is close to previous simulation. Figure 9 

compares force profile against placement for nanotube alone and drug carrier nanotube. As the figure 

shows, the force profile of both states are similar but the amount of required force for permeating into 

nanotube, in which the drug is capsulated, is more than nanotube alone (Odom et al., 1998). 

 
Figure 9: Force against Displacement during the Diffusion Process for Speed 0/01 nm / ps 

 

The Effect of Velocity on Permeation Mechanism 

To research about the effect of velocity on nanotube permeation mechanism and the drug which is 

capsulated into it, four different simulations with 0/01 nm/ps, 0/0075 nm/ps, 0/005 nm/ps and 0/0025 

nm/ps velocity has been performed (Figure 10) which were repeated twice for more assurance. After 

researching about the direction of system we found out that by decreasing the velocity of nanotube 

movement, lipid molecules have more time to move and then they have the chance to search and find a 

suitable configuration in favor of energy. As Figure 10 shows, by decreasing the velocity (Cherukuri et 

al., 2004). 

 
Figure 10: Force Versus Displacement for Different Speeds through Nanotubes and Paclitaxel 
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The number of lipid molecules which entered nanotube chamber in above 8 simulations and the number 

of lipids derivate to cover hydrophonic process have been mentioned in Table1. As table 1 demonstrates 

in lower velocity, more lipids exit to cover the effect of nanotube hydrophobic. The RMSD increasing of 

two layers membrane causes more turbulence by reducing the rate of permeation (Ochekpe and 

Olorunfemi, 2009). 

 

Table 1: Bilayer Lipid Membrane Molecules to Elicit Details of the Simulations Done 

Speed of Nanotube 

and  Paclitaxel 

Number of Input 

Lipid into Nanotube 

Number of Output Lipids from 

Nanotube 

Number of 

Simulations 

01/0  
4 20 1 

5 21 2 

0075/0  
4 22 3 

4 22 4 

005/0  
4 23 5 

7 24 6 

0025/0  
9 25 7 

10 27 8 

In simulations number 1, 3, 4 and 5 because paclitaxel is moving into nanotube, fewer lipids entered the 

internal area of nanotube. In this simulation, the amount of RMSD is more than other cases that this 

subject also confirms the movement of drug molecule. Table 2 shows that whether drug moves through 

nanotube or not, the reduction of velocity will cause the reduction of RMD. Reduction of RMSD amount 

demonstrates that drug molecule tends to stay into chamber by reducing the rate of permeation. Besides, 

the entry of more fat molecules cannot be the cause of paclitaxel exit from nanotube chamber. The reason 

can be searched in interacting between paclitaxel and carbonic nanotube as well as water molecules 

(Cherukuri et al., 2004; Hughes, 2005). 

 

Table 2: RMSE Nanotubes, Paclitaxel and Simulation Bilayer Membrane at Different Speeds 

Speed of Nanotube 

and  Paclitaxel 

RMSD 
Number of 

Simulations 

Nanotube paclitaxel DPPC 

01/0  
0285/0  4310/0  7408/2  1 

0285/0  4189/0  7538/2  2 

0075/0  
0285/0  4257/0  8110/2  3 

0286/0  4275/0  7777/2  4 

005/0  
0285/0  4263/0  0932/3  5 

0323/0  4174/0  3465/3  6 

0025/0  
0323/0  4156/0  3812/3  7 

0323/0  4156/0  5846/3  8 

 

Diffusion Factor of Nanotube and Paclitaxel  

In performed simulations, permeation factor was computed via Einstein theory (Iyuke et al., 2007). 

According to this theory (or relation) there is a direct relation between permeation factors and so, in 

higher velocity, in which the placement is more, the amount of permeation factor is greater. Figure 11 

shows gained permeation factor for nanotube and paclitaxel in different velocities. In those simulations in 

which paclitaxel moves through nanotube, permeation factor is more than nanotube, otherwise it will be 
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less. Regarding to low velocity of permeation process in experimental researches, it is anticipated that 

permeation factor is much lower than gained amounts.  

 
Figure 11: Penetration Rate vs. Speed in Simulations for Carbon Nanotube and Paclitaxel 

Paclitaxel Releasing from Nanotube 

After passing nanotube and capsulated paclitaxel through cell, paclitaxel should exit from nanotube space. 

Drug needs a propellant to release while drug is capsulated into nanotube. PH and temperature changing 

are considered as suitable propellant to release drug. According to experimental researches acidic 

environment of the cell has been very successful in releasing anticancer drugs. In a research, which is 

done by using molecular dynamic simulation, the increase of temperature by using close infrared 

radiation has a good effect on increasing the releasing rate of antibiotic Ciprofloxacin. As Finger 12 

demonstrates, when temperature increases, the amount of drug permeation factor will be significantly 

increased. Regarding to this fact that the structure of ciprofloxaxin as well as paclitaxel has benzene rings 

and the dominant interaction of both drug to keep them into integral space of nanotube is , so it is 

participated that the increase of temperature is a suitable technique for releasing paclitaxel.  

 
Figure 12: The Effect of Temperature on the Penetration of Ciprofloxacin 

Conclusion 

In present research, we study about the permeation of capsulated drug cell membrane by using guided 

molecular dynamic simulation for first time. Therefore, the anticancer drug paclitaxel was capsulated into 

vacuum of carbonic nanotube. Then, by using guided molecular dynamic technique it was shown that 

carbonic nanotube will facilitate the permeation of paclitaxel through cellular two layers membrane. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2016/01/jls.htm 

2016 Vol. 6 (S1), pp. 216-227/Bonyadi and Zadeh. 

Research Article 

© Copyright 2015 | Centre for Info Bio Technology (CIBTech)  226 

 

Besides, the effect of velocity on permeation mechanism has been searched and based on the resultant 

data of simulation, if was identified that the reduction of velocity causes the reduction of force which is 

required for carbonic nanotube permeation into membrane. Regarding to laboratory studies, the velocity 

is 10-5 times lower than the velocity which is used in simulation. The forces which were computed in 

simulation are greater than those presenting in reality. By reducing the velocity, the number of lipids 

derivate from two layers’ membrane will be increased. So, with regard to velocities presenting in reality, 

lipid derivation is impossible.  

In performed simulations, it is observed that the reduction of permeation velocity will cause to increase 

the permeation interactions between paclitaxel and membrane molecules of course such interactions are 

insignificant in comparing to interactions between drug and nanotube and water molecules. In all 

simulations, by reducing the velocity, permeation interactions between paclitaxel and nanotube as well as 

paclitaxel and water molecules were weak. Because more lipid enter nanotube chamber and then some 

water molecules exit.  

On the other hand, it was identified that permeation interactions among paclitaxel, nanotube and aqua 

solvent help drug to stay into kept nanotube and lipid molecules entry exit from this chamber. Therefore, 

it can be anticipated that the transition of drug will be successfully conducted even in low laboratory 

velocities and after the permeation of nanotube and paclitaxel in cell, increased temperature can also be a 

suitable method for drug releasing. 

 

REFERENCES 

Bhaskar S, Tian F, Stoeger T et al. (2010). Multifunctional Nanocarriers for diagnostics; drug delivery 

and targeted treatment across blood-brain barrier: perspectives on tracking and neuroimaging. Particle 

and Fibre Toxicology 7(3) 25. 

Brasnjevic I, Steinbusch HWM and Schmitz C (2009). Delivery of peptide and protein drugs over the 

blood–brain barrier. Progress in Neurobiology 87 212-251. 

Cherukuri P, Bachilo SM, Litovsky SH and Weisman RB (2004). Near-Infrared Fluorescence 

Microscopy of Single-Walled Carbon Nanotubes in Phagocytic Cells. Journal of the American Chemical 

Society 126 15638–15639. 

De Villiers MM, Aramwit P and Kwon GS (2009). Nanotechnology in Drug Delivery. (USA, New 

York: Springer). 

Ebbesen TW and Ajayan PM (1992). Large-scale synthesis of carbon nanotubes. Journal of Nature 

Nanotechnology 358(6383) 220-222. 

Faraji AH and Wipf P (2009). Nanoparticles in cellular drug delivery. Bioorganic & Medicinal 

Chemistry 17 2950–2962. 

Farokhzad OC and Langer R (2009). Impact of nanotechnology on drug delivery. ACS Nano 3(1) 16-

20. Available: http://mrsec.wisc.edu/Edetc/nanoquest/carbon/index.html. 

Hughes GA (2005). Nanostructure-mediated drug delivery. Nanomedicine: Nanotechnology, Biology and 

Medicine 1 22-30. 

Iyuke SE, Abdulkareem SA and Afolabi SA (2007). Piennar CH. Catalytic production of carbon 

nanotubes  in a swirled fluid chemical vapour deposition reactor. International Journal of Chemical 

Reactor Engineering 5 1-9. 

Janib SM, Moses AS and MacKay JA (2010). Imaging and drug delivery using theranostic 

nanoparticles. Journal of Advanced Drug Delivery Reviews 62 1052-1063. 

Linninger AA, Somayaji MR, Ericksona T, Guob X and Pennb RD (2008). Computational methods 

for predicting drug transport in anisotropic and heterogeneous brain tissue. Journal of Biomechanics 41 

2176–2187. 

Meyyapan M (2005). Novel one dimensional nanostructures. Paper presented at: Proceedings 

International Conference on MEMS; NANO and Smart Systems, Banff; Alberta; Canada. 

Ochekpe NA, Olorunfemi PO and Ngwuluka NC (2009). Nanotechnology and drug delivery part 2: 

nanostructures for drug delivery, Tropical Journal of Pharmaceutical Research 8(3) 275-287. 

http://mrsec.wisc.edu/Edetc/nanoquest/carbon/index.html


Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2016/01/jls.htm 

2016 Vol. 6 (S1), pp. 216-227/Bonyadi and Zadeh. 

Research Article 

© Copyright 2015 | Centre for Info Bio Technology (CIBTech)  227 

 

Odom TW, Huang JL, Kim P and Lieber CM (1998). Atomic structure and electronic properties of 

single-walled carbon nanotubes Journal of Nature Nanotechnology 391(6662) 62-64. 

Porter AE, Gass M, Muller K, Skepper JN, Midgley PA and Welland M (2007). Direct Imaging of 

single-walled carbon nanotubes in cells. Nature Nanotechnology 2 713–717. 

Puretzky AA, Geohegan DB and Fan X (2000). Pennycook SJ. Dynamics of single-wall carbon 

nanotube synthesis by laser vaporization. Applied Physics A: Materials Science & Processing 70(2) 153-

160. 

Shuai Z, Kai Y and Zhuang L (2010). Carbon nanotubes for in vivo cancer nanotechnology. Journal of 

Science China Chemistry 53(11) 2217-2225. 

Siepmann J, Siepmann F and Florence AT (2006). Local controlled drug delivery to the brain: 

Mathematical modeling of the underlying mass transport mechanisms. International Journal of 

Pharmaceutics 314 101–119. 

Somayaji MR, Xenos M, Zhang L, Mekarski M and Linninger AA (2008). Systematic design of drug 

delivery therapies". Journal of Computers & Chemical Engineering 32 89-98. 

Terrones H and Terrones M (2003). Curved nanostructured materials. New Journal of Physics 5 126.1-

126.37. 

Ulbrich W and Lamprecht A (2010). Targeted drug-delivery approaches by nanoparticulate carriers in 

the therapy of inflammatory diseases. Journal of The Royal Society Interface 7 S55-S66. 

Walters DA, Ericson LM, Casavant MJ, Liu J, Colbert DT, Smith KA and Smalley RE (1999). 
Elastic strain of freely suspended single-wall carbon nanotube ropes. Journal of Applied Physics Letters 

74(25) 3803-3805. 

Yu MF, Lourie O, Dyer MJ; Moloni K, Kelly TF and Ruoff RS (2000). Strength and breaking 

mechanism of multiwalled carbon nanotubes under tensile load. Journal of Science 287(5453) 637-640. 


