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Abstract 

Drug release in the body, mainly by digestive (tablets, capsules, and syrups) and non-digestive 

(injections, eye drops, and creams) are known as conventional technique. In most of these methods, 

the drug travels through the body during exposure to the acidic environment of the stomach, passing 

through the tight connections of cells in the intestinal wall. This attitude is based on the fact that a 

sufficient concentration of the drug enters the bloodstream. The process of targeted drug delivery 

maintains the level of an appropriate drug concentrations for a long time and reduces many of the 

usual therapeutic limitations such as the number of doses used. In this research, the use of natural 

biopolymers in the engineering and medical engineering industries and the use of electro spraying for 

core-shell have been investigated. Also, the side effects of simple drug release in the systemic 

distribution are unclear. Each targeted delivery system includes a target drug, carrier, and ligand, in 

which the distribution, metabolism, and cellular uptake of the drug are determined by the 

physicochemical characteristics and biological behavior of the carrier and ligand. Therefore, proper 

carrier and ligand design increases drug efficacy in patient tissues and reduces drug toxicity in other 

healthy tissues. Many new techniques such as electrospray using natural polymers can use for 

treatment of those disease with sufficient time of drug release using an appropriate drug.  

Keywords: Drug release, Mechanical properties, Polymer, Chitosan, Herbal medicine

1- Introduction 

Drug release systems are systems used to 

improve the therapeutic effects and reduce 

the drugs side effects [1-4]. For example, 

the placement of drugs in capsules to 

protect them against acidic conditions and 

gastric enzymes is one of the drug delivery 

systems applications [4-6]. Nanomaterials 

are chemicals produced without changing 

the main mechanical and chemical 

properties, such as increasing the strength 

of the chemical reaction or the ability to 

conduct on a very small scale [7-9]. The 
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development and production of 

biopolymers in medicine is increasing in 

the third millennium. Polymeric materials 

have many applications in drug delivery 

due to their unique properties such as 

biocompatibility and biodegradability. 

Thus, the polymers on the one hand protect 

the active drug compound on the other 

hand the possibility of targeting. 

Controlled drug delivery provides 

predictable drug delivery after 

administration, either topically or 

systemically [10-14].  

The mechanical properties of natural 

polymers are usually weaker than 

industrial materials and a number of 

synthetic polymers, and this issue limits 

the industrial applications of these 

materials. To predict and measure the 

mechanical properties of these types of 

polymers some methods are usually 

applied such as molecular dynamic 

simulation methods. Also, new production 

methods or combining these materials with 

other materials are used to make 

nanocomposites to increase their 

mechanical properties, including 

mechanical strength and elastic modulus. 

One of the fields of development of natural 

polymers in biomechanical applications is 

the use of these materials in some new 

production methods such as 3D printers. 

Polymers are widely used as active agents 

in various matrix, layered and film forms 

in drug delivery, in this case, they can 

control the release of the drug in the long-

term preventing its repeated usage. They 

can also be used as drug carriers, 

especially for insoluble drugs.  

2-Natural and synthetic polymers 

There are several categories for polymers 

that can be divided into natural and 

synthetic or biodegradable and non-

biodegradable as shown in Fig. 1. 

Synthetic polymers are polymers that are 

not obtained from nature and are made in 

the laboratory with synthesis process. 

Polyethylene glycol, polycaprolactone 

(PCL), polyglycolic acid (PGA) and 

polylactic acid (PLA) are examples of 

these polymers [22-25]. In biological 

applications, natural polymers seem to be 

the first choice, because they have good 

biocompatibility and unique mechanical 

properties. These polymers are also 

biodegradable by enzymatic mechanisms 

or hydrolysis. Another advantage of 

natural polymers is their availability, cost-

effectiveness, solubility in water, ability to 

form hydrogels, their wide structure and 

properties [14-21]. In addition, most 

natural polymers can be easily modified 

because there are active groups in their 

polymer chains. Natural polymers are more 

biologically compatible than synthetic 

polymers due to their extracellular 

components (ECM), which contain specific 

Arg-Gly-Asp cell domains. Natural 

polymers are mainly in three categories of 

plant sources (cellulose (bacterial), silk, 

and chitosan. 

Polymers can be in various forms, 

including hydrogels and scaffold.  

Whenever the solvent is in the gel network, 

water or aqueous solutions, the gel is 

called a hydrogel. Unlike other implantable 

systems that are hydrophobic, this material 

has hydrophilic properties and has received 

much attention due to its various properties 

such as biodegradability, biocompatibility, 

acceptable mechanical properties and 

adsorption capacity. A hydrogel is a three-

dimensional (3D) hydrophilic network that 

has many applications in medicine, 

including drug release, scaffolding (their 

structure is similar to the extracellular 

matrix of many tissues), biosensors, and 
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Fig. 1 Biodegradable polymers as synthetic and 

natural polymers 

contact lenses. Multi-drug release 

properties, reducing resistance to drug 

release, reducing the likelihood of 

metastasis are some of the benefits of using 

this structure. Implantation of this type of 

hydrogel can largely prevent tumor 

recurrence and metastasis.  

Chitosan is obtained from the distillation 

of catechins, which are natural, 

hydrophilic, non-toxic, environmentally 

friendly and biodegradable. Polysaccharide 

is suitable for use in pharmaceutical 

technology which has been studied in drug 

delivery systems (DDS) due to its chemical 

and biological properties. Chitosan is a 

branched homopolymer composed of 

glucosamine units by β- (1,4) bonds. 

Hydroxyl and its amine group are 

substrates for chemical modifications to 

obtain suitable materials for different 

purposes. A mucosal adhesion formulation 

is being developed that is used to prescribe 

medication through the eye, respiratory 

tract, oral cavity, and gastrointestinal tract. 

Fig. 2 shows the mechanical properties of 

natural polymers such as stiffness and 

elastic modulus which influence on their 

 

Fig. 2 Mechanical properties of natural polymers 

for use in the core-shell process 

behaviors. Due to the nature of the 

chitosan polymer, it has been widely used 

in the pharmaceutical and mechanical 

industry for membrane and catalyst 

applications. Chitosan is also a candidate 

for potent applications in 

radiopharmaceuticals, genes and peptides 

for drug delivery. Today, chemical and 

biochemical methods are being developed 

with lots of interest for mechanical 

engineers. Processes for obtaining and 

modifying biopolymers are useful 

techniques for application in various fields. 

Chitin, poly-β- (1-4) -N-acetyl-D-

glucosamine is one of the most important 

natural polysaccharides, first identified in 

1884. Chitin is the most abundant natural 

biopolymer after cellulose, which is made 

by many living organisms. The natural 

properties of chitin are in the form of 

crystalline microfibers, which are the 

structural components of the exoskeleton 

of arthropods and the cell wall of fungi and 

yeasts. The chitosan polymer is the result 

of the removal of acetyl groups in chitin. 

Unlike most natural polysaccharides such 

as cellulose, dextran and agarose, which 

are acidic in nature.  The percentage of 
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nitrogen in chitin, depending on the degree 

of deacetylation, is between 5-8%, but 

nitrogen in chitosan is often present in the 

form of the first type of amine. Molecular 

weight and degree of acetylation are 

characteristics.  Drug delivery systems can 

be different from different aspects, 

including drug delivery path, system 

appearance, type of drug available 

categorized in the system as well as the 

target context. 

3-Microcapsule and mechanical engineering 

application 

One of the newest methods in the world to 

deliver drugs to target tissues is the use of 

chitosan and nano chitosan as biological 

nanocarriers. Other properties of chitosan 

include biocompatibility, antibacterial, 

antiviral, non-toxic, non-allergenic and 

film-forming ability. Another important 

application of polymers is core-shell in 

which two-bio layer natural polymer 

attached to each other for many 

mechanical and composite rebuild [25-31]. 

Injecting drug delivery, especially 

intravenous injection, is an easy way to 

achieve blood circulation by rapidly 

absorbing and transporting the drug to the 

site of action. However, this feature is 

usually accompanied by a rapid decrease in 

the level of the drug in the general 

circulation. In order for treatment to be 

more effective, it is best to maintain the 

drug level in its effective concentration 

range during the treatment period. 

Therefore, the systems have been tried to 

provide controlled drug release in the 

injection method. The drug carrier matrix 

in these systems must be biocompatible 

and biodegradable. It is also necessary for 

the system to have the ability to control the 

release of the drug for a long time in the 

general circulation, easy construction and 

orientation of drug carriers with active or 

inactive targeting mechanism to the desired 

location in the body. 

Fig. 4 indicates the Assembly to function 

of microcapsule like chitosan microcapsule 

which are often powdery, very light and 

have a particle size between 1-1000 μm. 

Chitosan microparticle based systems have 

a wide range of applications in biomedical 

and pharmaceutical engineering. These 

microparticles usually have a porous 

structure and the drug trapped in them is 

released by the penetration mechanism. 

Therefore, the rate of swelling plays an 

important role in drug release. To date, 

chitosan microparticles have been used to 

transport various active agents, such as 

drugs, proteins, and antigens. Therefore, 

chitosan can be a good choice for these 

network carriers. The use of chitosan 

microparticles in drug delivery, with the 

help of their classification based on widely 

used preparation methods, has been 

expressed in the form of research that has 

been done so far. In general, chitosan is an 

abundant biopolymer that has many 

applications in medical engineering, 

especially in modern medicine, due to its 

properties such as biocompatibility, 

biodegradability, positive surface charge, 

and the ability to form fibers, 

nanoparticles, microparticles, and 

hydrogels. 

 
Fig. 3 The shell and core performance using natural 

polymers for drug release approaches 
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Fig. 4 Microcapsule mechanics: From stability to 

function and Assembly to function 

 Among these, chitosan microparticles, 

with the ability to prepare easily and 

quickly and a variety of preparation 

methods and compatible with a variety of 

active agents have been used many times 

as carriers of a variety of drugs and large 

molecules such as DNA and proteins. 

Several studies have shown that chitosan 

microparticles, in addition to targeted 

transfer of active agents, have other 

benefits such as crossing certain barriers in 

the body and controlled and delayed 

release as shown in Fig. 3 [32-45]. These 

advantages prove the high capacity of 

these microparticles in the field of drug 

delivery, so much so that despite the 

research age in the field of drug delivery 

based on chitosan microparticles, with the 

use of new and combined methods to 

prepare or modify them, we can continue 

to see the continuation of research in this 

field. According to statistics, after heart 

disease, cancer is the leading cause of death in 

the world. The disease is caused by the 

uncontrolled growth of cells and can lead to 

death when it progresses and spreads in the 

patient's body.  Research shows that in cases 

where hyperthermia has been used in 

combination with radiation therapy or 

chemotherapy, or both, without a 

significant increase in side effects, the 

tumor response to treatment, local tumor 

control, pain relief effects, and patient 

survival can be increased [46-55]. Today, 

in the treatment of tumors of the breast, 

melanoma, glioblastoma, cervix, cervix, 

bladder, and rectum, the addition of 

hyperthermia to the usual treatment 

regimens is recommended. The treatment 

for hyperthermia is based on the 

destruction of cancer cells by raising the 

body temperature. In hyperthermia, it is 

possible to use different types of energy as 

a source of heat production, which include 

microwave, laser, ultrasound, and magnetic 

field. In hyperthermia, due to the uneven 

distribution of heat and thermometric 

limitations, it is not possible to prevent the 

rise in temperature in healthy tissues 

around the tumor. In other words, 

treatment of hyperthermia can effectively 

generate heat in tumors. But healthy tissues 

can also absorb microwave, laser, and 

ultrasound energy, which leads to adverse 

effects and damage to healthy tissues [56-

60]. Magnetic nanoparticle hyperthermia 

uses a magnetic field to generate heat, 

which generates heat mainly through the 

effect of magnetic residuals [15, 18, 53]. 

Due to their adjustable physical and 

chemical properties, magnetic 

nanoparticles have shown a wide range of 

applications from medical diagnosis to 

treatment [61-65]. By combining a high 

saturation magnet with a suitable 

functional level, magnetic nanoparticles 

have advanced functionality that allows 

them to selectively attach to the desired 

cells or tissues and play a therapeutic role 

in them. In particular, iron oxide 

nanoparticles are being actively 

investigated to achieve highly efficient 

degradation of cancer cells through the 

treatment of magnetic hyperthermia [62-

70].  

In this context, nanotechnology offers a 

new and fundamental solution to magnetic 
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hyperthermia, which is based on the use of 

magnetic nanoparticles to remotely 

generate local heat when applying a radio 

frequency magnetic field that raises the 

temperature in tissues and organs. The 

temperature in the tumor tissue rises to 

more than 43°C, which causes the necrosis 

of the cancer cells, but does not damage 

the surrounding normal tissue [65-70]. 

Among the available magnetic 

nanoparticles, magnetite has been 

extensively studied. 

In recent years, significant advances in 

magnetite-nanoparticle hyperthermia have 

been observed. Both functional magnetite 

nanoparticles and alternating magnetic 

field generators have been developed. 

These results suggest that hyperthermia 

can not only kill localized tumors that are 

exposed to heat but also kill tumors in 

more distant locations, including metastatic 

cancer cells. In general, there are two types 

of strategies for targeting cells by 

nanoparticles, which include active and 

inactive strategies. Passive targeting can be 

done according to the characteristics and 

properties of various tumors by 

considering the environmental conditions 

of tumor cells, ambient pH, enzymatic 

activity, temperature changes, or by direct 

delivery of the drug to the cancer site 

4- Application of nanoparticle diagnosis and 

treatment of cancer 

In this study, an attempt has been made to 

briefly refer to the types of cancers, and the 

methods of coping and treatment based on 

magnetic nanoparticles that have recently 

been published in articles. 

4-1 Lung cancer 

Lung cancer is a disease characterized by 

uncontrolled growth in lung tissue. Most 

cancers that start in the lungs called 

primary lung cancers are carcinomas that 

arise from the epithelium. Common 

treatments for this type of cancer are 

radiation therapy, chemotherapy, and 

surgery.  

4-2 Breast Cancer  

Breast cancer is a type of cancer that 

disrupts the function of cell division in the 

breast. There are different types of breast 

cancer, and the type depends on which 

type of breast tissue cells are affected. 

Most breast cancers start in the lobules, 

and cancer cells can travel through the 

blood vessels and lymphatics to the outside 

of the back and spread to the rest of the 

body.  

4-3 Ocular tumors 

One ocular complication is melanoma 

ocular black tumor, which can be treated 

with high-load particle teletherapy.  

4-4 Colon Cancer 

Many colorectal cancers are caused by 

lifestyle factors and aging, and a small 

number are due to inherited genetic 

disorders. The reason for using these 

nanoparticles to fight this type of cancer is 

that among the various metal-based 

nanoparticles, silver nanoparticles (Ag-

NPs) due to their antimicrobial properties 

and anticancer activity against various 

types of cancer, including breast, ovarian, 

brain, cervix have shown high biomedical 

relevance [62-75].  

4-5 Prostate Cancer 

Polylactic glycolic acid or PLGA as one of 

the most widely used drug nanocarriers, 

has desirable properties such as continuous 

drug release, biocompatibility, non-

toxicity, non-immunogenicity, and 

biodegradability, the decision to synthesize 

these nanoparticles to counteract tissue.  
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5- Conclusion 

Due to the spread of cancer and its 

epidemic and the importance of timely 

diagnosis and treatment and the amazing 

applications of nanoparticles, the need to 

pay for time and money in nanotechnology 

as an effective technology in combating 

this disease is determined. Therefore, in 

the last decade, following research and 

obtaining more information about tumors 

and types of cancer, a new method called 

nanotechnology has been proposed for the 

treatment of cancers. Nanotechnology is 

one of the most effective and less risky 

solutions with more benefits than 

chemotherapy and radiotherapy for 

patients, which is one of the new cancer 

treatments.  

References 

[1] Anttonen, V., Tanner, T., Kämppi, A., 

Päkkilä, J., Tjäderhane, L., & Patinen, 

P. (2012). A methodological pilot study 

on oral health of young, healthy 

males. Dental Hypotheses, 3(3), 106. 

[2] Gupta, R., Thakur, N., Thakur, S., 

Gupta, B., & Gupta, M. (2013). Talon 

cusp: a case report with management 

guidelines for practicing 

dentists. Dental Hypotheses, 4(2), 67. 

[3] Kjaer, I. (2013). External root 

resorption: Different etiologies 

explained from the composition of the 

human root-close periodontal 

membrane. Dental Hypotheses, 4(3), 

75. 

[4] Motamedi, M. R. K., Behzadi, A., 

Khodadad, N., Zadeh, A. K., & 

Nilchian, F. (2014). Oral health and 

quality of life in children: a cross-

sectional study. Dental 

Hypotheses, 5(2), 53. 

[5] Khandan, A., Abdellahi, M., Ozada, 

N., & Ghayour, H. (2016). Study of the 

bioactivity, wettability and hardness 

behaviour of the bovine 

hydroxyapatite-diopside bio-

nanocomposite coating. Journal of the 

Taiwan Institute of Chemical 

Engineers, 60, 538-546. 

[6] Karamian, E., Motamedi, M. R. K., 

Khandan, A., Soltani, P., & 

Maghsoudi, S. (2014). An in vitro 

evaluation of novel NHA/zircon 

plasma coating on 316L stainless steel 

dental implant. Progress in Natural 

Science: Materials 

International, 24(2), 150-156. 

[7] Karamian, E., Abdellahi, M., Khandan, 

A., & Abdellah, S. (2016). Introducing 

the fluorine doped natural 

hydroxyapatite-titania 

nanobiocomposite ceramic. Journal of 

Alloys and Compounds, 679, 375-383. 

[8] Najafinezhad, A., Abdellahi, M., 

Ghayour, H., Soheily, A., Chami, A., & 

Khandan, A. (2017). A comparative 

study on the synthesis mechanism, 

bioactivity and mechanical properties 

of three silicate bioceramics. Materials 

Science and Engineering: C, 72, 259-

267. 

[9] Ghayour, H., Abdellahi, M., Ozada, N., 

Jabbrzare, S., & Khandan, A. (2017). 

Hyperthermia application of zinc 

doped nickel ferrite 

nanoparticles. Journal of Physics and 

Chemistry of Solids, 111, 464-472. 

[10] Kazemi, A., Abdellahi, M., Khajeh-

Sharafabadi, A., Khandan, A., & 

Ozada, N. (2017). Study of in vitro 

bioactivity and mechanical properties 

of diopside nano-bioceramic 

synthesized by a facile method using 

eggshell as raw material. Materials 

Science and Engineering: C, 71, 604-

610. 



72 

A. Esmaeili et al./ Journal of Simulation and Analysis of Novel Technologies in Mechanical Engineering 14 (2022) 0065~0077 
 

[11] Khandan, A., & Ozada, N. (2017). 

Bredigite-Magnetite (Ca7MgSi4O16-

Fe3O4) nanoparticles: A study on 

their magnetic properties. Journal of 

Alloys and Compounds, 726, 729-736. 

[12] Khandan, A., Jazayeri, H., Fahmy, M. 

D., & Razavi, M. (2017). Hydrogels: 

Types, structure, properties, and 

applications. Biomat Tiss Eng, 4(27), 

143-69. 

[13] Sharafabadi, A. K., Abdellahi, M., 

Kazemi, A., Khandan, A., & Ozada, 

N. (2017). A novel and economical 

route for synthesizing akermanite 

(Ca2MgSi2O7) nano-

bioceramic. Materials Science and 

Engineering: C, 71, 1072-1078. 

[14] Khandan, A., Abdellahi, M., Ozada, 

N., & Ghayour, H. (2016). Study of 

the bioactivity, wettability and 

hardness behaviour of the bovine 

hydroxyapatite-diopside bio-

nanocomposite coating. Journal of the 

Taiwan Institute of Chemical 

Engineers, 60, 538-546. 

[15] Shayan, A., Abdellahi, M., 

Shahmohammadian, F., Jabbarzare, 

S., Khandan, A., & Ghayour, H. 

(2017). Mechanochemically aided 

sintering process for the synthesis of 

barium ferrite: Effect of aluminum 

substitution on microstructure, 

magnetic properties and microwave 

absorption. Journal of Alloys and 

Compounds, 708, 538-546 

[16] Heydary, H. A., Karamian, E., 

Poorazizi, E., Khandan, A., & 

Heydaripour, J. (2015). A novel nano-

fiber of Iranian gum tragacanth-

polyvinyl alcohol/nanoclay composite 

for wound healing 

applications. Procedia Materials 

Science, 11, 176-182. 

[17] Karamian, E., Khandan, A., Kalantar 

Motamedi, M. R., & Mirmohammadi, 

H. (2014). Surface characteristics and 

bioactivity of a novel natural 

HA/zircon nanocomposite coated on 

dental implants. BioMed research 

international, 2014. 

[18] Jabbarzare, S., Abdellahi, M., 

Ghayour, H., Arpanahi, A., & 

Khandan, A. (2017). A study on the 

synthesis and magnetic properties of 

the cerium ferrite ceramic. Journal of 

Alloys and Compounds, 694, 800-807. 

[19] Razavi, M., & Khandan, A. (2017). 

Safety, regulatory issues, long-term 

biotoxicity, and the processing 

environment. In Nanobiomaterials 

Science, Development and 

Evaluation (pp. 261-279). Woodhead 

Publishing. 

[20] Khandan, A., Ozada, N., & Karamian, 

E. (2015). Novel microstructure 

mechanical activated nano composites 

for tissue engineering applications. J 

Bioeng Biomed Sci, 5(1), 1. 

[21] Ghayour, H., Abdellahi, M., 

Bahmanpour, M., & Khandan, A. 

(2016). Simulation of dielectric 

behavior in RFeO $$ _ {3} $$3 

orthoferrite ceramics (R= rare earth 

metals). Journal of Computational 

Electronics, 15(4), 1275-1283. 

[22] Saeedi, M., Abdellahi, M., Rahimi, 

A., & Khandan, A. (2016). 

Preparation and characterization of 

nanocrystalline barium ferrite 

ceramic. Functional Materials 

Letters, 9(05), 1650068. 

[23] Khandan, A., Karamian, E., Faghih, 

M., & Bataille, A. (2014). Formation 

of AlN Nano Particles Precipitated in 

St-14 Low Carbon Steel by Micro and 

Nanoscopic Observations. Journal of 



73 

A. Esmaeili et al./ Journal of Simulation and Analysis of Novel Technologies in Mechanical Engineering 14 (2022) 0065~0077 
 

 

Iron and Steel Research 

International, 21(9), 886-890. 

[24] Karamian, E. B., Motamedi, M. R., 

Mirmohammadi, K., Soltani, P. A., & 

Khandan, A. M. (2014). Correlation 

between crystallographic parameters 

and biodegradation rate of natural 

hydroxyapatite in physiological 

solutions. Indian J Sci Res, 4(3), 092-

9. 

[25] Monfared, R. M., Ayatollahi, M. R., 

& Isfahani, R. B. (2018). Synergistic 

effects of hybrid MWCNT/nanosilica 

on the tensile and tribological 

properties of woven carbon fabric 

epoxy composites. Theoretical and 

Applied Fracture Mechanics, 96, 272-

284. 

[26] Kamarian, S., Bodaghi, M., Isfahani, 

R. B., & Song, J. I. (2021). Thermal 

buckling analysis of sandwich plates 

with soft core and CNT-Reinforced 

composite face sheets. Journal of 

Sandwich Structures & 

Materials, 23(8), 3606-3644. 

[27] Kamarian, S., Bodaghi, M., Isfahani, 

R. B., & Song, J. I. (2022). A 

comparison between the effects of 

shape memory alloys and carbon 

nanotubes on the thermal buckling of 

laminated composite 

beams. Mechanics Based Design of 

Structures and Machines, 50(7), 2250-

2273. 

[28] Barbaz-I, R. (2014). Experimental 

determining of the elastic modulus 

and strength of composites reinforced 

with two nanoparticles (Doctoral 

dissertation, Doctoral dissertation, 

MSc Thesis, School of Mechanical 

Engineering Iran University of 

Science and Technology, Tehran, 

Iran). 

[29] Khandan, A., & Esmaeili, S. (2019). 

Fabrication of polycaprolactone and 

polylactic acid shapeless scaffolds via 

fused deposition modelling 

technology. Journal of Advanced 

Materials and Processing, 7(4), 16-

29. 

[30] Ravi, G. R., & Subramanyam, R. V. 

(2012). Calcium hydroxide-induced 

resorption of deciduous teeth: A 

possible explanation. Dental 

Hypotheses, 3(3), 90. 

[31] Narayanan, N., & Thangavelu, L. 

(2015). Salvia officinalis in 

dentistry. Dental Hypotheses, 6(1), 27. 

[32] Khandan, A., Karamian, E., & 

Bonakdarchian, M. (2014). 

Mechanochemical synthesis 

evaluation of nanocrystalline bone-

derived bioceramic powder using for 

bone tissue engineering. Dental 

Hypotheses, 5(4), 155. 

[33] Shirani, K., Sheikhbahaei, E., 

Torkpour, Z., Nejad, M. G., 

Moghadas, B. K., Ghasemi, M., & 

Khandan, A. (2020). A narrative 

review of COVID-19: the new 

pandemic disease. Iranian Journal of 

Medical Sciences, 45(4), 233. 

[34] Ghasemi, M., Nejad, M. G., & 

Bagzibagli, K. (2017). Knowledge 

management orientation: an 

innovative perspective to hospital 

management. Iranian journal of 

public health, 46(12), 1639. 

[35] Mosallaeipour, S., Nejad, M. G., 

Shavarani, S. M., & Nazerian, R. 

(2018). Mobile robot scheduling for 

cycle time optimization in flow-shop 

cells, a case study. Production 

Engineering, 12(1), 83-94. 

[36] Saeedi, M. R., Morovvati, M. R., & 

Mollaei-Dariani, B. (2020). 

Experimental and numerical 



74 

A. Esmaeili et al./ Journal of Simulation and Analysis of Novel Technologies in Mechanical Engineering 14 (2022) 0065~0077 
 

investigation of impact resistance of 

aluminum–copper cladded sheets 

using an energy-based damage 

model. Journal of the Brazilian 

Society of Mechanical Sciences and 

Engineering, 42(6), 1-24. 

[37] Kardan-Halvaei, M., Morovvati, M. 

R., & Mollaei-Dariani, B. (2020). 

Crystal plasticity finite element 

simulation and experimental 

investigation of the micro-upsetting 

process of OFHC copper. Journal of 

Micromechanics and 

Microengineering, 30(7), 075005. 

[38] Fazlollahi, M., Morovvati, M. R., & 

Mollaei Dariani, B. (2019). 

Theoretical, numerical and 

experimental investigation of hydro-

mechanical deep drawing of 

steel/polymer/steel sandwich 

sheets. Proceedings of the Institution 

of Mechanical Engineers, Part B: 

Journal of Engineering 

Manufacture, 233(5), 1529-1546. 

[39] Saeedi, M. R., Morovvati, M. R., & 

Alizadeh-Vaghasloo, Y. (2018). 

Experimental and numerical study of 

mode-I and mixed-mode fracture of 

ductile U-notched functionally graded 

materials. International Journal of 

Mechanical Sciences, 144, 324-340. 

[40] Morovvati, M. R., & Mollaei-Dariani, 

B. (2018). The formability 

investigation of CNT-reinforced 

aluminum nano-composite sheets 

manufactured by accumulative roll 

bonding. The International Journal of 

Advanced Manufacturing 

Technology, 95(9), 3523-3533. 

[41] Morovvati, M. R., & Dariani, B. M. 

(2017). The effect of annealing on the 

formability of aluminum 1200 after 

accumulative roll bonding. Journal of 

Manufacturing Processes, 30, 241-

254. 

[42] Morovvati, M. R., Lalehpour, A., & 

Esmaeilzare, A. (2016). Effect of 

nano/micro B4C and SiC particles on 

fracture properties of aluminum 7075 

particulate composites under chevron-

notch plane strain fracture toughness 

test. Materials Research 

Express, 3(12), 125026. 

[43] Fatemi, A., Morovvati, M. R., & 

Biglari, F. R. (2013). The effect of 

tube material, microstructure, and heat 

treatment on process responses of tube 

hydroforming without axial force. The 

International Journal of Advanced 

Manufacturing Technology, 68(1), 

263-276. 

[44] Pourmoghadam, M. N., Esfahani, R. 

S., Morovvati, M. R., & Rizi, B. N. 

(2013). Bifurcation analysis of plastic 

wrinkling formation for anisotropic 

laminated sheets (AA2024–

Polyamide–AA2024). Computational 

materials science, 77, 35-43. 

[45] Morovvati, M. R., Fatemi, A., & 

Sadighi, M. (2011). Experimental and 

finite element investigation on 

wrinkling of circular single layer and 

two-layer sheet metals in deep 

drawing process. The International 

Journal of Advanced Manufacturing 

Technology, 54(1), 113-121. 

[46] Morovvati, M. R., Mollaei-Dariani, 

B., & Haddadzadeh, M. (2010). Initial 

blank optimization in multilayer deep 

drawing process using 

GONNS. Journal of manufacturing 

science and engineering, 132(6). 

[47] Fatemi, A., Biglari, F., & Morovvati, 

M. R. (2010). Influences of inner 

pressure and tube thickness on process 

responses of hydroforming copper 

tubes without axial force. Proceedings 



75 

A. Esmaeili et al./ Journal of Simulation and Analysis of Novel Technologies in Mechanical Engineering 14 (2022) 0065~0077 
 

 

of the Institution of Mechanical 

Engineers, Part B: Journal of 

Engineering Manufacture, 224(12), 

1866-1878. 

[48] Anarestani, S. S., Morovvati, M. R., & 

Vaghasloo, Y. A. (2015). Influence of 

anisotropy and lubrication on 

wrinkling of circular plates using 

bifurcation theory. International 

Journal of Material Forming, 8(3), 

439-454. 

[49] Pirmoradian, M., Torkan, E., Zali, H., 

Hashemian, M., & Toghraie, D. 

(2020). Statistical and parametric 

instability analysis for delivery of 

nanoparticles through embedded 

DWCNT. Physica A: Statistical 

Mechanics and Its Applications, 554, 

123911. 

[50] Pirmoradian, M., Torkan, E., & 

Toghraie, D. (2020). Study on size-

dependent vibration and stability of 

DWCNTs subjected to moving 

nanoparticles and embedded on two-

parameter foundations. Mechanics of 

Materials, 142, 103279. 

[51] Pirmoradian, M., & Karimpour, H. 

(2017). Parametric resonance and 

jump analysis of a beam subjected to 

periodic mass transition. Nonlinear 

Dynamics, 89(3), 2141-2154. 

[52] Abedpour, M., Kamyab Moghadas, 

B., & Tamjidi, S. (2020). Equilibrium 

and kinetic study of simultaneous 

removal of Cd (II) and Ni (II) by 

acrylamide-based polymer as effective 

adsorbent: optimisation by response 

surface methodology 

(RSM). International Journal of 

Environmental Analytical Chemistry, 

1-18. 

[53] Tamjidi, S., Esmaeili, H., & 

Moghadas, B. K. (2021). Performance 

of functionalized magnetic 

nanocatalysts and feedstocks on 

biodiesel production: a review 

study. Journal of Cleaner 

Production, 305, 127200. 

[54] Moghadas, B. K., Esmaeili, H., 

Tamjidi, S., & Geramifard, A. (2022). 

Advantages of nanoadsorbents, 

biosorbents, and nanobiosorbents for 

contaminant removal. In Nano-

Biosorbents for Decontamination of 

Water, Air, and Soil Pollution (pp. 

105-133). Elsevier. 

[55] Zaeri, H., Moghadas, B. K., Honarvar, 

B., & Rad, A. S. (2021). Response 

Surface Methodology Towards 

Optimization of Calotropis Procera 

Essential Oil Extraction by Using 

Supercritical CO2. The Natural 

Products Journal, 11(1), 97-107. 

[56] Chehrazi, M., & Moghadas, B. K. 

(2021). Experimental study of the 

effect of single walled carbon 

nanotube/water nanofluid on the 

performance of a two-phase closed 

thermosyphon. Journal of the Serbian 

Chemical Society, 86(3), 313-326. 

[57] Ghomi, F., Daliri, M., Godarzi, V., & 

Hemati, M. (2021). A novel 

investigation on the characterization 

of bioactive glass cement and 

chitosan-gelatin membrane for 

jawbone tissue engineering. Journal of 

Nanoanalysis, 8(4), 292-301. 

[58] Mirbehbahani, F. S., Hejazi, F., 

Najmoddin, N., & Asefnejad, A. 

(2020). Artemisia annua L. as a 

promising medicinal plant for 

powerful wound healing 

applications. Progress in 

Biomaterials, 9(3), 139-151. 

[59] Malekipour Esfahani, M. H., 

Sharifinezhad, N., Hemati, M., & 

Gholami, A. M. (2021). Evaluation of 

mechanical properties of bioglass 



76 

A. Esmaeili et al./ Journal of Simulation and Analysis of Novel Technologies in Mechanical Engineering 14 (2022) 0065~0077 
 

materials for dentistry 

application. Journal of Simulation and 

Analysis of Novel Technologies in 

Mechanical Engineering, 13(4), 19-

29. 

[60] Ghomi, F., Asefnejad, A., Daliri, M., 

Godarzi, V., & Hemati, M. (2022). 

Fabrication and characterization of 

chitosan/gelatin scaffold with 

bioactive glass reinforcement using 

PRP to regenerate bone 

tissue. Nanomedicine Research 

Journal, 7(2), 205-213. 

[61] Khaksarshahmirzadi, E., Saner, T., 

Attaeyan, A., Abdollahi, S., 

Mohammadi, M., & Heydari, S. 

(2021). Evaluation of the use of 

robotic surgery with remote 

simulation for use in the field of 

Medical Tourism and Pro-Tourism 

development. Journal of Simulation 

and Analysis of Novel Technologies in 

Mechanical Engineering, 14(1), 47-

59. 

[62] Mansouri, A., Heidari, A., Karimian, 

F., Gholami, A. M., Latifi, M., & 

Shahriari, S. (2021). Molecular 

simulation for prediction of 

mechanical properties of polylactic 

acid polymer for biotechnology 

applications. Journal of Simulation 

and Analysis of Novel Technologies in 

Mechanical Engineering, 13(4), 31-

40. 

[63] Asgari, F., Minooei, A., Abdolahi, S., 

Shokrani Foroushani, R., & Ghorbani, 

A. (2021). A new approach using 

Machine Learning and Deep Learning 

for the prediction of cancer 

tumor. Journal of Simulation and 

Analysis of Novel Technologies in 

Mechanical Engineering, 13(4), 41-

51. 

[64] Ghorbani, A., Shahriari, S., & 

Gholami, A. M. (2021). Investigation 

of cell biomechanics and the effect of 

biomechanical stimuli on cancer and 

their characteristics. Journal of 

Simulation and Analysis of Novel 

Technologies in Mechanical 

Engineering, 13(4), 67-79. 

[65] Heydari, S., Attaeyan, A., Bitaraf, P., 

Gholami, A. M., & Kamyab 

Moghadas, B. (2021). Investigation of 

modern ceramics in bioelectrical 

engineering with proper thermal and 

mechanical properties. Journal of 

Simulation and Analysis of Novel 

Technologies in Mechanical 

Engineering, 13(3), 43-52. 

[66] Seyedi, S. Y., Salehi, F., 

Payandemehr, B., Hossein, S., 

Hosseini-Zare, M. S., Nassireslami, 

E., Yazdi, B. B., & Sharifzadeh, M. 

(2014). Dual effect of cAMP agonist 

on ameliorative function of PKA 

inhibitor in morphine-dependent 

mice. Fundamental & clinical 

pharmacology, 28(4), 445–454.  

[67] Nassireslami, E., Nikbin, P., Amini, 

E., Payandemehr, B., Shaerzadeh, F., 

Khodagholi, F., Yazdi, B. B., 

Kebriaeezadeh, A., Taghizadeh, G., & 

Sharifzadeh, M. (2016). How sodium 

arsenite improve amyloid β-induced 

memory deficit?. Physiology & 

behavior, 163, 97–106.  

[68] Amini, E., Nassireslami, E., 

Payandemehr, B., Khodagholi, F., 

Foolad, F., Khalaj, S., Hamedani, M. 

P., Azimi, L., & Sharifzadeh, M. 

(2015). Paradoxical role of PKA 

inhibitor on amyloidβ-induced 

memory deficit. Physiology & 

behavior, 149, 76–85 

[69] Rajeswari, S., Prasanthi, T., Sudha, 

N., Swain, R. P., Panda, S., & Goka, 



77 

A. Esmaeili et al./ Journal of Simulation and Analysis of Novel Technologies in Mechanical Engineering 14 (2022) 0065~0077 
 

 

V. (2017). Natural polymers: A recent 

review. World J. Pharm. Pharm. 

Sci, 6, 472-494. 

[70] Park, J. H., Ye, M., & Park, K. (2005). 

Biodegradable polymers for 

microencapsulation of 

drugs. Molecules, 10(1), 146-161. 

[71] Mahale, R. S., Shamanth, V., 

Hemanth, K., Nithin, S. K., Sharath, 

P. C., Shashanka, R., ... & Shetty, D. 

(2022). Processes and applications of 

metal additive 

manufacturing. Materials Today: 

Proceedings, 54, 228-233. 

[72] Mahale, R. S., Shamanth, V., Sharath, 

P. C., Shashanka, R., & Hemanth, K. 

(2021). A review on spark plasma 

sintering of duplex stainless 

steels. Materials Today: 

Proceedings, 45, 138-144. 

[73] Chaudhari, V., Bodkhe, V., Deokate, 

S., Mali, B., & Mahale, R. (2019). 

Parametric optimization of TIG 

welding on SS 304 and MS using 

Taguchi approach. Int. Res. J. Eng. 

Technol, 6(5), 880-885. 

[74] Patil, A., Banapurmath, N., 

Hunashyal, A. M., Meti, V., & 

Mahale, R. (2022). Development and 

Performance analysis of Novel Cast 

AA7076-Graphene Amine-Carbon 

Fiber Hybrid Nanocomposites for 

Structural Applications. Biointerface 

Research in Applied Chemistry, 12(2), 

1480-1489. 

[75] Kamble, P., & Mahale, R. (2016). 

Simulation and parametric study of 

clinched joint. Int Res J Eng 

Technol, 3(05), 2730-2734. 




