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ABSTRACT 

Nanoparticles can be defined as colloidal particles. Nanoparticles are 

the basic components of Nano technology. The nanoparticles range in 

size from 1 to 100 nm and are composed of metal, metal oxides, 

organic material and carbon. Nanoparticles come in different sizes, 

shapes and sizes regardless of the material they are made of. The 

surface may be irregular with surface variations or uniform. The 

advantage of nanotechnology is the delivery of safe and effective 

medicines (nanomedicine) with a significant impact on the 

pharmaceutical and biotech industry landscape. Nanomedicine is a 

broad field and includes nanoparticles acting as biological mimics (e.g.  

functionalized carbon nanotubes), “nanomacha” (e.g. those made up of interchangeable 

pieces of DNA, and DNA -scaffolds such as the octahedron and the cube) and nanofibers and 

polymers nanostructures as biomaterials ,shape memory polymers such as molecular 

switches, and devices based on nanoscale microfabrication, sensors, and laboratory 

diagnostics.The prefix “nano” has found in last decade an ever-increasing application to 

different fields of the knowledge. Inflammation is generally defined as a response to 

stimulation by invading pathogens or endogenous signals such as damaged cells that results 

in tissue repair or sometimes pathology, when the response goes unchecked. Active 

ingredient and excipients are two main ingredients of any pharmaceutical formulation. This 

paper presents a review on Nanoparticles their types, properties, synthesis methods and its 

applications. 
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INTRODUCTION 

The prefix "nano" has seen increasing use in various fields of knowledge over the last decade. 

Nano sciences, nanotechnologies, nanomaterials or nano chemistry are some of the new nano 

terms that appear frequently in scientific reports, popular books and newspapers and have 

become known to a wide public, including lay people. The prefix comes from  ncient  reek 

       via Latin nanus, which literally means dwarf, and by extension, very small.
[1] 

 

In the International System of Units (SI) convention, means a reduction factor of 109. Thus, a 

nanoscale world is typically measured in nanometers (1 nm equals 10-9 m) and includes 

systems whose molecular dimensions are greater than and smaller than macroscopic 

(generally > 1 nm and < 100 nm).
[2,3] 

 

Nanoparticles can be defined as colloidal particles ranging in size from to 1000 nm. The 

advantage of nanotechnology is the effective delivery of drugs (nanodrugs) identified as have 

a significant impact on the landscape of the pharmaceutical and biotechnology industries. 

They have applications in various areas of the life sciences such as separation technology, 

histology, clinical diagnostic tests, and drug delivery systems (DDS).
[4] 

 

Nanoparticle research is currently an area of intense scientific interest. The reason why 

nanoparticles are attractive is based on the important and unique characteristics of, such as 

their surface-to-mass ratio, which is much larger than that of other particles and materials., 

the ability to absorb and transport other materials. compounds such as drugs, probes and 

proteins as well as allowing to catalyze reactions.
[4,5] 

 

Recent research has developed a range of nanoparticles such as metals, semiconductors and 

polymer particles for use in molecular imaging and particle carriers. Polyethylenimine 

liposomes, silica nanoparticles, micelles and chitosans play an important role in drug delivery 

with minimized side effects.
[6]

 They have also been used as anticancer agents. Basically, 

nanotechnology is concerned with the construction of artificial cells, enzymes, genes, or 

repair in the synthesis of the protein. In this Review, we discuss the synthesis, types, 

applications, advantages, and limitations of nanoparticles.
[7] 
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Advantages of Nanoparticles 

 After parenteral administration to obtain passive and active agents targeting particle size 

and surface properties of nanoparticles, can be easily manipulated. 

 Site-specific targeting can be achieved by attaching targeting ligands to the surface of the 

particles or by using the magnetic guide. 

 The system can be used for a variety of routes of administration, including oral, 

ophthalmic, parenteral and intranasal administration. 

 In the body, drug delivery to small areas is best achieved with nanoparticles. 

 After parenteral administration to obtain passive and active agents targeting particle size 

and surface properties of nanoparticles, can be easily manipulated. 

 Site-specific targeting can be achieved by attaching targeting ligands to the surface of the 

particles or by using the magnetic guide. 

 The system can be used for a variety of routes of administration, including oral, 

ophthalmic, parenteral and intranasal administration. 

 In the body, drug delivery in small areas can best be achieved with nanoparticles.
[8-11]

 

 

Limitations 

Despite these advantages, nanoparticles present limitations, such as. 

1. Altered physical properties leading to particle-to-particle aggregation, making physical 

handling of liquid and dry nanoparticles difficult due to their smaller size and their largest 

surface difficult. 

2. The smaller the particle size, the greater the surface area, and this property makes 

nanoparticles very reactive in the cellular environment. 

3. The small particle size results in limited drug loading and pulse delivery. These practical 

problems must be solved before nanoparticles can be used clinically or commercially. 

4. The small size and large surface area can lead to aggregation of nanoparticles, making 

physical manipulation of nanoparticles in liquid and dry form difficult. 

5. In addition, the small particle size and high surface area of  easily result in limited drug 

loading and burst release. These practical problems must be overcome before 

nanoparticles can be used clinically or commercially.
[12-15]

 

 

Applications of NPs 

1. Nanoscale inorganic particles of simple or complex nature exhibit unique chemical and 

physical properties and represent an increasingly important material in the development of 
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novel nanodevices that can be used in many physical, biological, biomedical and 

pharmaceutical applications.  

2. Nanocrystalline materials provide very interesting substances for materials science because 

their properties differ from the corresponding bulk materials in a size-dependent manner. 

3. The increasing location of engineered NPs in industrial and domestic applications leads to 

the release of these materials into the environment. Risk assessment of these NPs in the 

environment requires understanding their mobility, reactivity, ecotoxicity, and persistence. 

4. There has been growing interest in the development of printed electronics in recent years 

as printed electronics offer the appeal of traditional silicon engineering and the potential for 

low-cost, large-scale electronics. Large area for flexible screen, sensor. 

5. Recent studies have warned us about the limits and scarcity of fossil fuels in the coming 

years due to their non-renewable nature.
[16-19]

 

 

Characterization and properties NPs 

Different characterization techniques were used to analyze the different physicochemical 

properties of the NPs.
[20] 

 

1. Morphological characterizations 

The morphological properties of NPs are always of great interest as morphology still 

influences most properties of NPs. There are various characterization techniques for 

morphological studies, but the most important are microscopic techniques such as polarized 

light microscopy (POM), SEM and TEM. The SEM technique is based on the principle of 

electron scanning and provides all available information about nanoparticles on a nanometric 

scale. There is an extensive literature where people have used this technique not only to study 

the morphology of their nanomaterials but also the dispersion of nanoparticles within a 

volume or matrix.
[20-23] 

 

2. Structural characterizations 

Structural features are of primary importance for studying the composition and properties of 

bonding materials. It provides various information about the overall properties of the material 

in question. XRD, energy dispersive X-ray size (EDX) analyzers, XPS, IR, Raman, BET and 

Zieta are commonly used techniques to study the structural properties of NPs.
[20,24]

  

XRD is one of the most important characterization techniques to reveal the structural 

properties of NPs. It provides enough information about the crystallinity and phase of NPs. It 

also provides an approximate idea of the particle size using the Debye Scherer formula. This 
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technique works well for the identification of single- and multi-phase NPs. However, in the 

case of smaller NPs with sizes smaller than hundreds of atoms, it can be difficult to obtain 

and accurately measure the structure and other parameters.
[25-27] 

 

3. Particle size and surface area characterization 

Various techniques can be used to estimate the size of NPs. These include SEM, TEM, XRD, 

AFM, and dynamic light scattering (DLS). SEM, TEM, XRD and AFM can give a better idea 

of the particle size, but the Zeta Potential Size Analyzer/DLS can be used to find the size of 

NPs at extremely low levels. In one study, Sikora et al. used DLS technique to study the size 

change of silica NPs with serum protein uptake. The results show that the size increases when 

the protein layer is obtained. This technique allows to find the size distribution profiles of 

NPs with diameters from 10 to 1000 nm in the liquid medium. This technique produces good 

results compared to DLS and has been found to be very accurate for sizing both single-

dispersion and multi-dispersion samples, with significantly better peak resolution.
[28,29] 

 

4. Optical characterizations 

Optical properties are of great importance in photocatalytic applications, which is why 

photochemists have developed a good understanding of this technique to unveil the 

mechanism of their photochemical processes. These features are based on the famous 

Lambert-Beer law and basic lighting principles. These techniques provide information about 

the absorption, reflection, luminescence, and phosphorescence properties of nanoparticles. It 

is known that NPs, especially metal and semiconductor NPs, have different colors and are 

therefore more suitable for photographic applications.
[30-32] 

 

METHOD OF PREPARATION FOR NANOPARTICLES 

Various methods can be used to produce nanoparticles. For example, drugs can be 

encapsulated in a polymer matrix, encapsulated in a nanoparticle core, encapsulated in a 

polymer shell chemically conjugated to the polymer, or they can be bound to the surface of 

the particle by adsorption be.
[33]
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Fig:  Method of Preparation for Nanoparticles. 

 

A. Emulsion solvent evaporation Method 

One of the methods of obtaining nanoparticles using the method is the emulsification solvent 

evaporation technique. It is generally used to encapsulate hydrophobic drugs, but shows poor 

results when incorporating bioactive agents of hydrophilic nature.
[34,35]

 Evaporation of the 

solvent is performed on the polymer and the compound is dissolved in an organic solvent 

such as chloroform, ethyl acetate or methylene chloride and then emulsified with in an 

aqueous phase containing the stabilizer (e.g. PAV). Immediately after the formation of the 

nano-emulsion, the solvent diffuses into the outer phase until saturated. The solvent 

molecules that reach the water-air interface evaporate, resulting in a continuous diffusion of 

the solvent molecules from the inner droplets of the emulsion toward the outer phase; At the 

same time, the precipitation of the polymer leads to the formation of nanospheres.
[30,32] 

 

B. Emulsion Diffusion Evaporation Method 

Another method that can be used to produce nanoparticles is the diffusion emulsion method. 

The method uses a partially water-soluble solvent such as acetone or propylene carbonate. 

The polymer and active ingredient are dissolved in the solvent and emulsified in the aqueous 

phase containing the stabilizer. The role of the stabilizer prevents the aggregation of the 

emulsion droplets by adsorption on the surface of the droplets. Addition of water to the 
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emulsion, allowing the solvent to diffuse into the water. The solution is mixed, resulting in 

the precipitation of nanoparticles. In addition, it can be collected by centrifugation or the 

solvent can be effectively removed by dialysis.
[33-35] 

 

The main problem with this method is that water-soluble drugs tend to leach out of the 

polymer phase during the diffusion steps. In order to avoid this problem, in, the dispersion 

medium of was changed from aqueous medium to medium-chain triglycerides, and a small 

amount of surfactant was added. The nanoparticles are recovered from the oil suspension by 

centrifugation.
[36] 

 

C. Nanoprecipitation method 

Nanoparticles can be synthesized by nanoprecipitation. In this method, the polymer and drug 

are dissolved in acetone, ethanol, or methanol and mixed in an aqueous solution of the 

surfactant using a magnetic stirrer. The organic solvent immediately diffuses into the outer 

aqueous phase, followed by the precipitation of the polymer and the drug. Once the 

nanoparticles have formed, the solvent is removed and the suspension concentrated under 

reduced pressure. The advantage of this method is that no surfactant is used; However, this 

method is limited to highly soluble drugs in a polar solvent.
[37,38]

 

 

D. Salting -Out Method 

The salting out method is another method for obtaining nanoparticles. This technique, based 

on the precipitation of a hydrophobic polymer, is suitable for encapsulating hydrophilic or 

hydrophobic drugs, since different solvents, including polar (e.g., acetone or methanol) and 

non-polar (e.g., acetone or methanol) and non-polar (methylene or chloroform), can be 

selected Drugs remover.
[38]

 

 

Evaluation of Nanoparticles 

Zeta potential 

The Zeta potential of nanoparticles is commonly used to describe the surface charge 

properties of nanoparticles. It reflects the potential of the particles and is affected by the 

composition of the particle and the medium in which it is dispersed. Nanoparticles with a zeta 

potential greater than (±) 30 mV have been shown to be stable in suspension, as the surface 

charge prevents the agglomeration of the particles.
[15-17] 
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Particle Shape 

SEM characterizes the nano-suspension before conducting the evaluation; The nano 

suspension was lyophilized to form solid particles. Solid particles are coated with platinum 

alloy by spray paint.
[19] 

 

Particle size 

Particle size and distribution are the most important characteristics of nanoparticle systems. 

They determine the in vivo distribution, biological fate, toxicity and targeting ability of the 

nanoparticle system. In addition, they can also affect drug loading, drug release, and stability 

of nanoparticles.
[10] 

 

The currently fastest and most common method for particle size determination is photon 

correlation spectroscopy or dynamic light scattering. The results obtained with photon 

correlation spectroscopy are usually verified by scanning or transmission electron microscopy 

(SEM or TEM).
[18] 

 

Drug Entrapmaent Efficiency 

The nanoparticles were separated from the aqueous medium by ultracentrifugation at 10,000 

rpm for 30 minutes at 50°C. The resulting supernatant was then decanted and dispersed in 

phosphate buffered saline, pH 7.4. Therefore, the process was repeated twice to completely 

remove unentrapped drug particles. The amount of drug entrapped in the nanoparticles was 

defined as the difference between the total amount of drug used to prepare the nanoparticles 

and the amount of drug present in the aqueous medium. Drug capture efficiency (%) = 

amount of lysed nanoparticles released x 100 amount of drug initially absorbed to produce 

nanoparticles.
[20,21] 

 

Nanoparticles for Inflammatory Drug Delivery 

Although they provide little or no recognition signal, some advances in the use of 

nanoparticles to deliver anti-inflammatory drugs are worth noting. RA is a chronic, 

progressive autoimmune disease characterized by inflammation and destruction of the joints. 

Therapeutic drugs are available; However, their usefulness is limited by undesirable side 

effects that occur with long-term use at high doses. A better but less practical approach is to 

deliver drugs directly to the site of inflammation by intra-articular injection, which requires 

skillful administration at multiple sites, making therapy costly and time-consuming. The most 



www.wjpr.net    │    Vol 12, Issue 9, 2023.     │    ISO 9001:2015 Certified Journal    │ 

 

 

Sahu et al.                                                                            World Journal of Pharmaceutical Research 

2812 

desirable approach would be to develop carriers such as nanoparticles that can deliver the 

payload directly to the site of ignition.
[39-41]

 

 

Nanoparticles such as drugs encapsulated in liposomes have emerged as potential candidates 

and have been used to encapsulate and deliver clodronate- and glucocorticoid-based drugs in 

the treatment of arthritis in an animal model. In another arthritis model, showed that 

intravenously administered clodronate-liposomes can inhibit disease onset by targeting 

macrophages. An alternative approach was to encapsulate the glucocorticoid prednisolone in 

PEG-coated liposomes and administer the nanoparticles to rats with adjuvant-induced 

arthritis. Analysis showed that the nanoparticle approach was 10 times more effective than 

the "free" control, with symptoms disappearing by 2 days and complete remission occurring 

by 6 days. 

 

Like the other approaches discussed in this review, coating liposomes with PEG polymers 

increases in vivo stability and has resulted in a series of long-circulating drug transporters 

known as sterically stabilized liposomes.
[41-42] 

 

NANOPARTICLE-BASED DRUG DELIVERY SYSTEM IN ANTI-

INFLAMMATORY TREATMENT 

Recently, several hybrid NPs have been investigated for anti-inflammatory treatment. For 

better biocompatibility and targeting ability of, recent research mentions that or more 

materials are synthesized into nanostructures and the properties of each material are fully 

utilized. Each structure has a different feature that allows NPs to be placed in the 

corresponding tissues. The synthesized NPs are used as carriers and loaded with anti-

inflammatory drugs to form a NPs-based drug delivery system.
[40-42] 

 

Connection between Inflammation and Diseases 

1. Inflammation in cardiovascular diseases 

Inflammation is an important pathophysiological symptom in vascular disease, ischemic heart 

injury and ischemic brain injury. There is evidence that inflammation plays a role in 

atherosclerosis from the onset of atherosclerosis to the progression of atherosclerotic lesions. 

Inflammation also affects the stability of atherosclerotic plaques. In addition, the role of 

inflammation is also important in ischemic heart injury and ischemic brain injury.
[43]

 There is 

good evidence that locally active inflammation is the main cause of plaque formation and 

composition. Mature plaque contains a central core of necrotic tissue and a fatty infiltrate 
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surrounded by inflammatory cells. Atherosclerotic plaques are covered by a cap rich in cells 

and fibrous tissue called the fibrous cap. This plug seals the procoagulants and platelet-

activating materials in the vessel wall, preventing them from interacting with blood clotting 

factors and platelets.
[44] 

 

2. Inflammation in the gastrointestinal tract 

Inflammation of the digestive system can be thought of as a preservation mechanism, a 

means by which the host protects itself from invading pathogens and noxious stimuli. The 

inflammatory response aims to remove and inactivate the pollutant and is assisted by a 

variety of cellular proteases and reactive oxygen products, as well as soluble mediators. The 

inflammation usually goes away on its own. However, in some cases, the inflammation can 

become chronic and lead to excessive tissue damage as long as the triggers persist.
[45-48]

 

Infection with Helicobacter pylori is associated with inflammation in the digestive tract. 

Helicobacter pylori inhabits more than half of the world's population and is an important risk 

factor for gastric ulcers, gastric adenocarcinoma and gastric lymphoma. 

 

Damage to the gastric mucosa results from the host's immune response to Helicobacter pylori 

infection and not from the bacterium itself. During the innate immune response to infection, 

the bacterium induces rapid recruitment of neutrophils, followed by T cells, B cells, plasma 

cells and macrophages. Activated neutrophils contribute to epithelial cell damage by 

releasing proteolytic enzymes and reactive oxygen species.
[49-51] 

 

3. Inflammation in skin diseases 

Psoriasis is a skin condition caused by chronic inflammation. In a genetically prepared 

person, there is a complicated relationship between the innate immune system and the 

adaptive immune system when responding to unidentified antigens. Immune cells, including 

T cells, DCs, monocytes and macrophages, are thought to contribute to the progression of 

psoriasis. Among the T cell subsets, cytotoxic T cells (CD8þ T cells, CTL) are mainly 

localized in the epithelial tissue near keratinocytes and Langerhans cells, while helper T cells 

(CD4þ, Th) mainly in it reside the papillary dermis. It is believed that T cells in the 

epithelium are involved in the pathogenesis of psoriasis. Helper T cells 1 are thought to be a 

phenotype of memory-activated T cells involved in the development of psoriasis, and helper 

T cells 17 are another important component with a potential role in the pathogenesis of 

psoriasis. Antigen-presenting DCs have the ability to fuel the adaptive immune system by 

activating T cells, B cells, and natural killer cells. 
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As the number of cutaneous DCs increases, cytokine production from autologous T cells in 

psoriatic lesions will also increase.
[52-55] 

 

4. Inflammation in cancer 

Epidemiological data also show a compelling link between chronic inflammation and the 

malignant transformation of inflamed tissue into cancer. These cells and mediators that 

contribute to inflammation also contribute to the tumor microenvironment. In some cancers, 

inflammation precedes tumor development, but in other cancers, oncogenic changes cause the 

tumor to promote inflammation. Tumor angiogenesis and metastasis are also associated with 

inflammation. tumor cells recruit neutrophils and macrophages through the expression of 

cytokines. The cytokine and chemokine network is involved in tumor-related inflammation 

and can regulate both normal and tumor cells in the tumor microenvironment. Pro-

inflammatory mediators such as proteases, eicosanoids, cytokines and chemokines are 

generally overexpressed by tumor cells.
[49,55-58] 

 

5. Inflammation in rheumatoid arthritis 

New arthritis is not uncommon and about half of arthritis sufferers go away on their own 

within months. Otherwise, however, the inflammation that leads to arthritis cannot be 

eliminated, contributing to the progression of a chronic disease characterized by the 

accumulation of leukocytes and stromal cells marked in the synovia. 

 

Rheumatoid arthritis (RA) is the most common type of arthritis that progresses with 

persistent inflammation. Symmetrical peripheral inflammatory polyarthritis is one of the 

symptoms of rheumatoid arthritis. Many immune cells are involved in the inflammation in 

the early stages of rheumatoid arthritis. After the onset of clinical joint pathology, the 

synovia, which is usually hypocellular, becomes hyperplastic. RA is also associated with 

inflammatory diseases of the skin, lungs and vascular system. Although systemic lupus 

erythematosus has symptoms similar to those of rheumatoid arthritis, the role of 

inflammation in its development is nearly the same.
[59-61] 

 

6. Inflammation in other diseases 

Pneumonia is a normal, basic physiological response, but it can also accompany certain 

respiratory diseases, particularly chronic inflammation. Chronic inflammation is closely 

associated with many lung diseases such as asthma, chronic obstructive pulmonary disease, 

bronchiectasis and interstitial lung disease. Although the purpose of inflammation is defense, 
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an overreaction of the immune system can lead to severe respiratory disease, and acute 

inflammation can also lead to lung disease. Breathing in a specific pathogen, toxin, or 

allergen can trigger an immune system response and lead to aggravation of bronchiectasis, 

chronic obstructive pulmonary disease, and asthma. Inflammation of the central nervous 

system occurs after a brain injury. 

 

The immediate cause can be a hypoxic event such as stroke, chronic neurodegeneration, or an 

infectious process.
[62-65] 

 

CONCLUSION 

Nanoparticles are a promising drug carrier for various drug delivery systems. 

Nanotechnology is a revolutionary technology that permeates all areas. new applications in 

this area are being researched worldwide. Nanoparticles represent a technology to overcome 

drug solubility and bioavailability problems, which can be applied to all poorly soluble drugs 

in general. Due to their unusual chemical and physical properties, nanoparticles show 

interesting properties and are suitable for various areas of pharmacy. Various methods have 

been developed to produce nanoparticles of various sizes and shapes, including evaporation 

of a solvent emulsion. 

 

ACKNOWLEDGMENTS 

We would also like to especial thanks to my professor who gave us very best knowledge 

regarding the Nanoparticles. We would also like to thanks all of that who are involved 

directly or indirectly for completing this review paper. 

 

REFERENCE 

1. Ranjit K. & Baquee AA. (2013). Nanoparticle: An overview of preparation, 

characterization and application, 4(4): 47-57. DOI: 10.7897/2230-8407.04408. 

2. Hahens WI., Oomen AG., DeJong WH., Cassee FR. What do we (need to) know about 

the kinetic properties of nanoparticles in the body? Regulatory Toxicology and 

Pharmacology, 2007; 49: 217-229. http:// dx.doi.org/10.1016/j.yrtph.2007.07.006. 

3. Takami A., Masanori B, Mitsuru A., Preparation of nanoparticles by self – organisation of 

polymers consisting of hydrophobic and hydrophilic segments: Potential applications, 

Polymer, 2007; 48: 6729-6747. 

4. Nikam AP., Ratnaparkhiand MP., Chaudhari SP. Nanoparticles- An Overview, 2014; 

3(5): 1121-1127. 



www.wjpr.net    │    Vol 12, Issue 9, 2023.     │    ISO 9001:2015 Certified Journal    │ 

 

 

Sahu et al.                                                                            World Journal of Pharmaceutical Research 

2816 

5. Prerna, Dubey A., Gupta R. Nanoparticles:An Overview, 2021; 10(1): 1487- 1497. 

6. Pal SL., Jana U., Manna PK., Mohanta GP., Manavalan R. Nanoparticle: An Overview of 

preparation and characterization, 2011; 1(06): 228-234. 

7. Mishra B., Bhavesh B., Patel B. B., TIwari 5., Nanomedicine: Nanotechnology, Biology, 

and Medicine, 2010; 6: 9 -24. 

8. Langer R. Biomaterials in drug delivery and tissue engineering; one labortory’s 

experience. Acc Chem Res, 2000; 33: 94-101. 

9. Gaur A., Mindha A., Bhatiya AL. Nanotechnology in Medical sciences. Asian journal of 

pharmaceutics, 2008; 80-85. 

10. Sapra P., Tyagi P., Allen TM. Ligand-trageted liposomes for cancer treatment. Current 

Drug delivery, 2005; 2: page no. 369-381. 

http://dx.doi.org/10.2174/156720105774370159pMid: 16305440. 

11. Kumari B. “  REVIEW ON N NOP RTICLES: THEIR PREPARATION METHOD 

 ND  PPLIC TIONS”, 2018: June; 5(2). DOI: 10.21276/irjps.2018.5.2.3. 

12. Bhadia D, Bhadra S, Jain P and Jain NK. Pegnology; a review of PEGylated systems; 

Pharmazin, 2002; 57: 5-20. 

13. Mohanraj VJ., Chen Y. Nanoparticles a review. Tropical Journal of Pharmaceutical 

Research, 2006. 

14. Langer R. Biomaterials in drug delivery and tissue engineering; one labortory’s 

experience. Acc ChemRes, 2000; 33: 94-101. 

15. Champeau Rachel. Assessing safety health risks of nanomaterials, 2006; 15: 2005. 

16. Yunes Panahi, Masoud Farshbaf, Majid Mohammadhosseini, Mozhdeh Mirahadi, 

Rovshan Khalilov. Recent advances on liposomal nanoparticles: synthesis, 

characterization and biomedical applications. Artificial cells, Nanomedicine and 

Biotechnology, 2017; 45(4): 788-799. 

17. Robert.W.J Scott, Orla M Wilson.Synthesis, Characterization, and Applications of 

Dendrimer Encapsulated Nanoparticles.journal of physical chemistry, 2005; 109(2): 692–

704. 

18. Kommaleddy S, Tiwari SB and Amiji MM. Long circulating polymeric nanovectors for 

tumour selective gene delivery technol. cancer Res Treat, 2005; 4: 615. 

19. Cho K, Wang X, Nie S, et al. Therapeutic nanoparticles for drug delivery in cancer, 2008; 

14: 1310–1316. 

http://dx.doi.org/10.2174/156720105774370159pMid


www.wjpr.net    │    Vol 12, Issue 9, 2023.     │    ISO 9001:2015 Certified Journal    │ 

 

 

Sahu et al.                                                                            World Journal of Pharmaceutical Research 

2817 

20. Betancor, L. Luckarift HR Bioinspired enzyme encapsulation for 9101(1999)25:42 

biocatalysis Trends in Biotechnology, 2008; 26: 566-572, http:// 56. Xu HH., Smith 

dx.doi.org/10.1016/j tibtech 2008.06.009 PMid:18757108. 

21. Redhead HM., Davis SS., Illum L. Drug delivery in poly(lactide-co- $4. Abhilash M. P 

glycolide) nanoparticles surface modified with poloxamer 407 and Journal of Pharm 

poloxamine 908: in vitro characterisation and in vivo evaluation. Journal 55. Fried NM. 

Radio of Control Release, 2001; 70: 353-363. http://dx.doi.org/10.1016/S0168- 

3659(00)00367-9. 

22. Bououdina, M.S., Rashdan, J.L., Bobet, Y., Ichiyanagi, 2013. Nanomaterials for 

biomedical applications: synthesis, characterization, and applications. J. Nanomaterial, 

2013; 2013: 240 -501. 27. 

23. Stefanos Mourdikoudis, Roger M. Pallares and Nguyen T. K. Thanh. Characterization 

techniques for nanoparticles: comparison and complementarity upon studying 

nanoparticle properties. Nanoscale, 2018; 10: 12871-12934. 

24. Amudha Murugan, Krishna Kumara, Shanmugasundaram. Biosynthesis and 

characterization of silver nanoparticles using the aqueous extract of vitex negundo. linn. 

World J. Pharm. pharm. Sci, 2014; 3(8): 1385 -1393. 

25. Garber C (2007). Nanotechnology food coming to a fridge near you. 

http://www.nanowerk.com/spotlight/spotid=1360.php. Accessed June 11, 2011. 

26. Chorney M., DAneuberg H., Golomb G. Lipophilic drug loaded nanospheres by nano 

precipitation: effect of the formulation variables on size, drug recovery and release 

kinetics. J Control release, 2002; 83: 389- 400. 

27. Hett A. Nanotechnology: small matters, many unknown. 2004. Hoet PMH., Brnske HI., 

Salata OR. Nano particles known and unknown health risk. J nanobiotecnol, 2004; 2: 12. 

28. Kissel T. Biodegradable nano particles for oral delivery of peptides: is there a role for 

polymer to affect mucosal uptake? Eur J Pharm Biopharm, 2000; 50: 147-60. 

29. Avasare, V., Zhang, Z., Avasare, D., Khan, I and Qurashi, A. (2015). Room temperature 

synthesis of TiOR 2R nanospheres and their solar driven photoelectrochemical hydrogen 

production. International Journal of Energy Research, 39: 1714 – 1719. 

30. Bello, S. A., Agunsoye, J. O and Hassan, S. B. (2015). Synthesis of coconut shell 

nanoparticles via a top down approach: assessment of milling duration on the particle 

sizes and morphologies of coconut shell nanoparticles. Material Letter, 25(6): 1110 – 

1119. 

http://dx.doi.org/10.1016/S0168-


www.wjpr.net    │    Vol 12, Issue 9, 2023.     │    ISO 9001:2015 Certified Journal    │ 

 

 

Sahu et al.                                                                            World Journal of Pharmaceutical Research 

2818 

31. Handy, R.D., von der Kammer, F., Lead, J.R., Hassello¨v, M., Owen, R., Crane, M., 

2008. The ecotoxicology and chemistry of manufactured nanoparticles. Ecotoxicology, 

17: 287–314. 

32. Ibrahim, K.S., 2013. Carbon nanotubes-properties and applications: a review. Carbon 

Lett, 14: 131–144. 

33. Torche A-M, Ex vivo and in situ PL   microspheres uptake by pig ileal Peyer’s patch 

segment., Int J Pharm, 2000; 201: 15–27. 

34. Majeti N.V., Kumar Ravi, Kumar Neeraj, Domb. A.J., Arora Meenakshi, Pharmaceutical 

polymeric controlled drug delivery systems, Adv.in polymer Sci, 2012; 160: 47-108. 

35. York A.W., Kirkland S.E., McCormick C.L., Adv, Drug Delivery, 2008; 60: 1018- 1036 

36. Kwon H-Y.,Preparation of PLGA nanoparticles containing estrogen by emulsification–

diffusion method, Colloids Surf. Release, 2001; 182: 123–30. 

37. Kim, B., Hwang, S., Park, J., & Park, H. J. (2002). Preparation and characterization of 

drugloaded polymethacrylate microspheres by an emulsion solvent evaporation method. 

Journal of microencapsulation, 19(6): 811-822. 

38. Jain, S., Mittal, A., K Jain, A., R Mahajan, R., & Singh, D. (2010). Cyclosporin A loaded 

PLGA nanoparticle: preparation, optimization, in-vitro characterization and stability 

studies. Current Nanoscience, 6(4): 422-431. 

39. Metselaar, J.M., Wauben, M.H.M., Wagenaar-Hilbers, J.P.A., Boerman, O.C., and Storm, 

G. (2003) Arthritis Rheum, 48: 2059–2066. 

40. Richards, P.J., Williams, A.S., Goodfellow, R.M., and Williams, B.D. (1999) 

Rheumatology, 38: 818–825. 

41. Allen, T.M., Brandeis, E., Hansen, C.B., Kao, G.Y., and Zalipsky, S. (1995) Biochim. 

Biophys. Acta, 1237: 99–108. 

42. Stevenson R., Hueber AJ., Hutton A., McInnes LB., & Graham D. Nanoparticles and 

Inflammation; L, 2011; 11: 1300–1312 ISSN 1537-744X; DOI 10.1100/tsw.2011.106. 

43. Jogpal V., Sanduja M., Dutt R., GargV., Tinku. Advancement of nanomedicines 

in chronic infammatory disorders, 2022; 30: 355–368 https://doi.org/10.1007/s10787-

022-00927-x. 

44. Tunn EJ, Bacon PA. Differentiating persistent from self-limiting symmetrical synovitis in 

an early arthritis clinic. Br J Rheumatol, 1993; 32: 97–103. 

45. Harrison BJ, Symmons DP, Brennan P, Barrett EM, Silman AJ. Natural remission in 

inflammatory polyarthritis: issues of definition and prediction. Br J Rheumatol, 1996; 35: 

1096–100. 

https://doi.org/10.1007/s10787-022-00927-x
https://doi.org/10.1007/s10787-022-00927-x


www.wjpr.net    │    Vol 12, Issue 9, 2023.     │    ISO 9001:2015 Certified Journal    │ 

 

 

Sahu et al.                                                                            World Journal of Pharmaceutical Research 

2819 

46. Jin K., Luo Z., Zhang B., Pang Z. Biomimetic nanoparticles for inflammation targeting, 

2018; 8(1): 23–33 .https://doi.org/10.1016/j.apsb.2017.12.002. 

47. Brierley SM, Linden DR. Neuroplasticity and dysfunction after gastrointestinal 

inflammation. Nat Rev Gastroenterol Hepatol, 2014; 11: 611–27. 

48. Boland CR, Luciani MG, Gasche C, Goel A. Infection, inflammation, and gastrointestinal 

cancer. Gut, 2005; 54: 1321–31. 

49. Zheng Y, Danilenko DM, Valdez P, Kasman I, Eastham-Anderson J, Wu J, et al. 

Interleukin-22, a TH17 cytokine, mediates IL-23-induced dermal inflammation and 

acanthosis. Nature, 2007; 445: 648–51. 

50. Nestle FO, Turka LA, Nickoloff BJ. Characterization of dermal dendritic cells in 

psoriasis. Autostimulation of T lymphocytes and induction of Th1 type cytokines. J Clin 

Investig, 1994; 94: 202–9. 

51. Robbie L, Libby P. Inflammation and atherothrombosis. Ann N Y Acad Sci, 2001; 947: 

167–80. 

52. Shah PK. Role of inflammation and metalloproteinases in plaque disruption and 

thrombosis. Vasc Med, 1998; 3: 199–206. 

53. Kim EY, Battaile JT, Patel AC, You Y, Agapov E, Grayson MH, et al. Persistent 

activation of an innate immune response translates respiratory viral infection into chronic 

lung disease. Nat Med, 2008; 14: 633–40. 

54. Ross R. Platelets, Platelet-derived growth factor, growth control, and their interactions 

with the vascular wall. J Cardiovasc Pharmacol, 1985; 7: S186–90. 

55. Cowburn AS, Condliffe AM, Farahi N, Summers C, Chilvers ER. Advances in neutrophil 

biology: clinical implications. Chest, 2008; 134: 606–12. 

56. Rothhammer V, Quintana FJ. Environmental control of autoimmune inflammation in the 

central nervous system. Curr Opin Immunol, 2016; 43: 46–53. 

57. Hagberg H, Mallard C. Effect of inflammation on central nervous system development 

and vulnerability: review. Curr Opin Neurol, 2005; 18: 117–23. 

58. Varki A. Selectin ligands. Proc Natl Acad Sci U S A, 1994; 91: 7390– 7. 38. Geng JG, 

Chen M, Chou KC. P-selectin cell adhesion molecule in inflammation, thrombosis, 

cancer growth and metastasis. Curr Med Chem, 2004; 11: 2153-60. 

59. Sun, D., Zhuang, X., Xiang, X., Liu, Y., Zhang, S., Liu, C., et al. (2010). A novel 

nanoparticle drug delivery system: the anti-inflammatory activity of curcumin is 

enhanced when encapsulated in exosomes. Mol. Ther, 18: 1606–1614. doi: 

10.1038/mt.2010.105. 



www.wjpr.net    │    Vol 12, Issue 9, 2023.     │    ISO 9001:2015 Certified Journal    │ 

 

 

Sahu et al.                                                                            World Journal of Pharmaceutical Research 

2820 

60. Galli SJ, Tsai M, Piliponsky AM. The development of allergic inflammation. Nature, 

2008; 454: 445–54. 

61. Wang H, Zhou Y, Sun Q, Zhou C, Hu S, Lenahan C, Xu W, Deng Y, Li G And Tao S 

(2021) Update on Nanoparticle-Based Drug Delivery System for Anti-inflammatory 

Treatment. Front. Bioeng. Biotechnol, 9: 630352. Doi: 10.3389/fbioe.2021.630352. 

62. Bagalkot, V., Deiuliis, J.  ., Rajagopalan, S., and Maiseyeu,  . (2016). “Eat me” imaging 

and therapy. Adv. Drug Deliv. Rev, 99: 2–11. Doi: 10.1016/j.addr.2016. 01.009. 

63. Brunner, T. J., Wick, P., Manser, P., Spohn, P., Grass, R. N., Limbach, L. K., et al. 

(2006). In vitro cytotoxicity of oxide nanoparticles: comparison to asbestos, silica, and 

the effect of particle solubility. Environ. Sci. Technol, 40: 4374–4381. Doi: 

10.1021/es052069i. 

64. Katsuki, S., Matoba, T., Koga, J. I., Nakano, K., and Egashira, K. (2017). Anti 

inflammatory nanomedicine for cardiovascular disease. Front. Cardiovasc. Med, 4: 87. 

Doi: 10.3389/fcvm.2017.00087. 

65. Sutherland ER, Cherniack RM. Management of chronic obstructive pulmonary disease. N 

Engl J Med, 2004; 350: 2689–97. 

 

 


