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Nanoparticles based drug delivery system: Recent development in 
treatment of some chronic diseases

Introduction

Nanotechnology term was first used in 1970 and has been used to 
describe production technology in ultra-fine dimensions. It refers to the 
use, application, and engineering of nanoparticles (NPs). Nano is derived 
from the Latin word nanous (dwarf). NPs refers to a wide range of ma-
terials that include particulate substances, which have one of its three 
dimensions less than 100 nm (Joudeh & Linke, 2022). Nanomedicine is an 
application of various nanotechnology techniques to create better solu-
tions to medical problems (Malik et al., 2023). Reducing the size of the 
NP does not improve reactivity, degradability, or productivity, but it can 
also give unique properties that differ from bulk materials of the same 
composition (Kuperkar et al., 2024). Thanks to these new properties, NP 
is used in different areas of our lives. Electronics, industry, textile industry, 
renewable energy, agriculture, food sector, and medicine (Jeevanandam 
et al., 2018). In the medical field, NP offers many new ways to diagnose, 
treat and prevent diseases (Yavuz and Arslan, 2021). Due to its large spe-
cific surface area, NPs has the advantage of loading large amounts of the 
drug, protecting the drug from enzymatic degradation, thereby improv-
ing the stability and efficacy of the drug (Dang and Guan, 2020). After 
modification of the surface molecule, drug-loaded NPs can be targeted 
to accumulate in affected cells rather than normal cells, thereby increas-
ing target specificity and reducing drug side effects (Mitchell et al., 2021). 
Ligands such as antibodies, proteins, RNA, and DNA can be bound to the 
NPs surface to target specific cells. It has become a promising tool for 
medical applications, such as biomarkers detection, drug delivery, gene 
therapy, chronic disease therapy, antimicrobial agents, and regenerative 
medicine (Mitchell et al., 2021). According to Ventola (2017), the FDA rec-
ommends 50 nano pharmaceutical drug can be used for human.

General structure of NPs 

NPs are composed of three different layers: The surface layer, which 
may be functionalized with a variety of little biomolecules such as metal 
ions, surfactants, and polymers. The shell layer, which is chemically di-

verse fabric from the center portion in all aspects. The core, which is ba-
sically the central portion of the NP and usually refers to the NP itself 
(Joseph et al., 2023). 

Types of therapeutic nanoparticles

NPs are broadly classified into three different categories depending 
on their shape, size and chemical properties; Carbon nanotubes, Inorgan-
ic NPs and Organic NPs.

Carbon nanotubes (CNT) 

CNT are elongated, tubular structure, 1–2 nm in diameter made up 
of carbon and are arranged in graphene sheet form, which is rolled to get 
cylinder shape. 
Carbon-based nanotubes are classified into:
- Single-walled nanotubes (SWNTs): Made up of single graphene cylinder.
- Multi-walled nanotubes (MWNTs): Made up of more than two concen-
tric cylindrical shells of graphene sheets around a central hollow core 
(Norizan et al., 2020).

The CNT can insert themselves readily into bacterial cell membranes 
and act as potent and selective antibacterial agents cause membrane 
damage in bacteria cell due to an oxidative stress (Laganà et al., 2021) 
which considered as potential applications of nanotubes as pharmaco-
logical antimicrobial agents. The size and surface area of carbon NPs are 
important parameters affecting their antibacterial activity; that is, increas-
ing the NPs surface area by decreasing their size led to improving their 
activity for interaction with bacterial cell (Saha and Bal, 2020).

Inorganic NPs (Metallic NPs)

Inorganic-based NPs generally include NPs from a variety of metals 
and metal oxides. Gold, silver, iron, selenium, zinc, aluminum, cadmium, 
and copper are the most used to make metallic NPs. On the other hand, 
examples of inorganic metal oxide-based NPs are zinc oxide, magnesium, 
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aluminum oxide, titanium dioxide, copper oxide, cerium oxide, iron oxide, 
and titanium dioxide. Metal and metal oxide NPs are primarily used in 
biosensing, bioimaging, and cancer hyperthermia, treatment, and target-
ed drug delivery (Yadavalli and Shukla, 2017). The excellent antibacterial 
properties of silver NP make it suitable for use as an antibacterial agent in 
therapeutic and healthcare products (Bruna et al., 2021). Similarly, metal 
oxides also exhibit antibacterial activity such as TiO2, ZnO, FeO, MnO2, 
CuO, Al2O3 and play an important role in various medical applications 
(Kadiyala et al., 2018). TiO2 has been used as antibacterial agent for treat-
ment of various infectious diseases (Raj et al., 2025). The drug can be 
attached to the surface of the gold NPs via ionic or covalent and physical 
absorption, and the release can be delivered and regulated by biological 
stimulation or photoactivation (Kong et al., 2017). Silver NPs are one of 
the most studied metal NPs due to their recognized anticancer, antibac-
terial, and antiviral potential, but as far as drug delivery is concerned, the 
synthesis of silver NP -based drug delivery. Almost no research has been 
done. System for intracellular administration of doxorubicin and alendro-
nate as anticancer agents to improve the therapeutic index of both anti-
cancer agents (Benyettou et al., 2015).

Organic NPs

The group of organic NPs comprises liposomes, micelles, solid lipids, 
and polymers. The use of organic NPs seems to offer several advantages 
to facilitate drug or gene delivery to target tissue.

Liposomes

 Liposomes are vesicles in which the aqueous core is encapsulated in 
one or more phospholipid bilayers, which are natural or synthetic phos-
pholipids. Liposomes are effectively absorbed by vascular endothelial 
cells because the lipid bilayer of liposomes is fundamentally like the cell 
membrane of cells. Liposomes can capture both hydrophilic and hydro-
phobic drugs and release them to the appropriate target site. It can cross 
the blood-brain barrier (BBB) which makes it an innovative tool for drug 
delivery systems in neurodegenerative diseases (Niu et al., 2019). Lipo-
somes are suitable for topical, intravenous, and intramuscular administra-
tion, but are rarely suitable for oral administration because they are easily 
degraded in the gastrointestinal tract. Biocompatibility, biodegradability, 
and low toxicity are the main advantages of liposome delivery systems 
(Guimarães et al., 2021). 

Polymeric NPs

Colloidal particles of size range 20 to 1,000 nm, solid in nature had 
characteristic core which mostly consists of (chitosan, dextran, gelatin, 
collagen, albumin, and their derivatives) surrounded with the surfactants 
(e.g., lecithin) (Zielińska et al., 2020). Depending on the manufacturing 
method, Polymer NP can be structurally divided into nanospheres and 
nanocapsules. Nanocapsules consist of an oily core dissolved in a drug 
and are surrounded by a polymer shell that controls the release of the 
therapeutic drug. Nanospheres are based on a continuous polymer net-
work that can hold the drug inside and adsorb it to the surface (Zielińska 
et al., 2020). They can be divided into two bunches: natural and synthet-
ic polymeric NPs. Natural polymers such as chitosan and albumen are 
used frequently. Synthetic polymers like Poly (d,l-lactic-co-glycolic acid) 
(PLGA).   

Solid lipid NPs 

Like polymeric NPs consisting of core of solid lipid moieties covered 
by a surfactant stabilized the external core, spherical in shape with diam-
eter ranging from 50 to 1µm. It consists of biocompatible and biodegrad-
able lipids (Geszke-Moritz and Moritz, 2016). Effectively used in many 

biomedical applications (Bayón-Cordero et al., 2019). 

Micelles
  
Micelles are NPs characterized by a hydrophobic core stabilized by 

a hydrophilic shell. They are highly water soluble due to their hydrophilic 
shell which could be either phospholipids or poly (L-amino acid). Micelles 
have long circulation time. It is very effective delivery of therapeutic agent 
for hydrophobic substances which are stored in the micelle core, where 
they are solubilized and protected from enzymatic degradation (Ghezzi 
et al.,2021).

Hybrid NPs

Combination of more than one of NPs. For example, mixture of poly-
meric NP and liposomes that results in a polymer-lipid hybrid system. it 
has become possible to combine two or more different functionalities in 
one NPs and their properties can be enhanced or modified by coupling of 
its different components. It is representing a new trend in biomedical sci-
ence where the hybrid NPs have great importance due to their high ther-
mal stability, high solubility, and lower toxicity (Singh and Bhateria, 2021).

Modification of NPs

The modification of the NPs allows more control over particles bio-
distribution, specific-targeting and long-circulation time thanks to the 
possibility of modifying physico-chemical characters of those NPs. Using 
liposomes with larger particles can help to exclude it from small capil-
lary vessels and restrict the distribution to larger one. Also, the addition 
of polyethylene glycol molecules to the lipid surface can ‘hide’ NPs like 
liposomes from macrophages and thereby increase the half-life of the 
particle and allow drug release over a greater period (Hauser et al., 2021). 
The synthesis of multifunctional NPs is a hot investigate theme. Each NP 
has its own points of interest and drawbacks. In some cases, the proper-
ties of NPs are incompatible with drug properties such as binding affinity, 
crossing the BBB, targeting delivery, and sustained release (Habibi et al., 
2020). Therefore, by integrating NPs of different physicochemical char-
acters (difference in size, shape, and surface area) leading to synthesis 
of multicomponent and multifunctional NPs with superior characteristic 
features (Arafa et al., 2020). In same consequence the modification of 
NPs surface with legend holding binding domains or antibody fragments 
in addition to drugs, promoting the affinity interaction with specific cell 
receptors or cell types on diseased tissue (Gavin et al., 2014).

Nanomedicine 

Owing to the rapid development of nanotechnology, several NPs are 
involved in our life every day, and the number of NPs products is elevated 
rapidly. Nanomedicine is one of main fields of nanotechnology which re-
fers to involvement of NPs in diagnosis, monitoring, control, prevention, 
and disease treatment (Soares et al., 2018). Nano-drug delivery systems 
are a class of NPs that have abilities to increase therapeutic agents char-
acteristic features such as stability, water solubility, prolong circulation 
time, cellular uptake for target cells, reduce biodegradation, thereby im-
prove the safety, effectiveness and reduce or even avoid the side effects 
of such drugs (Patra et al., 2018; Mitchell et al., 2021).  Nanodrugs gives 
opportunity to reach small volume of the therapeutic agents with high 
cellular drug loading affinity. They are simple to enter the blood ves-
sels without vascular endothelial harm. Thanks to unique physicochemi-
cal properties of NPs which are varied from bulk chemical counterparts, 
these NPs can be used to overcome some of the limitations found in 
traditional therapeutic agents and diagnostic tools. In the last two de-
cades, several NPs-based therapeutic and diagnostic agents have been 
developed for the treatment of several chronic diseases such as cancer, 
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diabetes Meletus and neurodegenerative diseases (Yetisgin et al., 2020). 
In the same sequence these nanoscale agents may provide more effec-
tive and/or more convenient routes of administration, lower therapeutic 
toxicity and extend the product life cycle of conventional drugs (Patra et 
al., 2018). Nano-drug delivery systems have been mainly used in human 
medicine and while the applications in veterinary medicine are limited, 
still. However, clinical administration of various nano-drug delivery sys-
tems to animals is getting more (Herdiana, 2025). 

Applications of NPs in medicine

Various applications of NPs that are involved in medicine include 
drug delivery system (Nano drug), pharmaceutical therapeutics, biomark-
er detectors, imaging technique, tissue engineering and regenerative 
medicine.

Drug delivery system 

The main targets for drug delivery system are reaching the drug only 
to its site of action without effect on healthy tissue, minimizing the side 
effects of such drug and controlling release of drug to avoid the over-
dosing or under dosing effect (Chandrakala et al., 2022). Drug delivery 
targeting system is classified into passive, active, and stimuli targeting 
(Rahim et al., 2021).

Passive targeting delivery system

 Inflamed or tumors tissues are characterized by leaky blood vessels 
(this leakage can be triggered by vasodilatory release of histamine in re-
sponse to inflammation or the newly forming vessel architecture in the 
tumor environment), a feature that is utilized by NPs which, due to their 
ultra-tiny size, accumulate in those tissues. In the same order, especially 
in tumors, the lack of effective lymphatic drainage prevents nanocarriers 
from escaping the diseased tissue, increasing drug levels within the tu-
mor up to 100-fold compared to healthy cases (Simos et al., 2021) Both 
mechanisms emphasize so-called enhanced permeability and retention 
(EPR). Liposomes, micelles, and polymers are good candidates for passive 
targeting.

Active cell targeting

One of the major challenges in drug delivery is the targeted localiza-
tion of maximum drug doses in injured cells. Targeted delivery system ob-
jected to limit the effect of a pharmacological medicate on the diseased 
tissue. However, this strategy is based on the overexpression of certain 
biomarkers on the cell membrane of diseased cells (Behera et al., 2020). 
Appropriate ligands need to be added to the surface of the nanocarriers. 
It is recognized by receptors on the cell membrane. Ligands that bind to 
the receptor promote endocytosis-mediated cellular uptake of nanocar-
riers (Nag & Delehanty, 2019). Several cell surface markers targeting NPs, 
such as biotin, cell-adherent glycoprotein, programmed death ligand 1, 
folic acid receptor, vascular endothelial growth factor receptor, epidermal 
growth factor receptor 2, and somatostatin receptors (Simos et al., 2021). 
Overexpressed biotin receptors are considered strong target for multi-
ple drug-targeted delivery systems in cancer treatment, as in the case of 
leukemia, breast cancer, colon cancer, and lung cancer. Biotin-binding 
drug molecules can increase the uptake of cancer therapeutics, whereby 
biotin-binding cancer therapeutics conjugate with their overexpressing 
receptors on the cell membrane and invade cells via endocytosis (Shi et 
al., 2014). The main drawback facing the target delivery is the immunoge-
nicity of the target ligand which can lead to accelerated blood clearance 
(Simos et al., 2021).

Stimuli-responsive targeting

Therapeutic agents are integrated into specific NPs formulations and 
released at specific times and locations after being exposed to specific 
extrinsic (temperature, magnetic, ultrasonic effects) or intrinsic stimuli 
(pH changes). This improves targeting and improves dose control (Mathi-
yazhakan et al., 2018). For example, cancer cells proliferate, have insuffi-
cient oxidative phosphorylation, and have high glucose uptake, resulting 
in high lactate accumulation and accelerated acidification of the tumor 
environment. CaCO3-coated nano-metal–organic framework is common 
example for stimuli targeting where Ca2+ ions are decomposed in the 
acidic tumor environment. The Ca2+ ions can then influence the cell mem-
brane to pump Ca2+ ATPase, causing cytosolic Ca2+ levels to increase and 
activate calpain-2 to induce cancer cell death (Fang et al., 2021). 

Cancer nanomedicine

According to the Global Cancer Observatory (The L. Globocan 2018), 
about 30 million cancer patients die of cancer each year by 2030. Scien-
tists face major challenges in applying chemotherapy in the treatment 
of cancer. Most important of these is the use of high-dose therapies to 
achieve efficient doses in tumor tissue that primarily act on healthy cells. 
Therefore, it is very important to administer high doses of the drug only 
to the tumor tissue (Blanco et al. 2011). At the same time, inadequate 
blood flow can make it difficult to accumulate enough active ingredi-
ents in the tumor, even with necrotic lesions (Cao et al. 2011). In same 
sequence, cancer treatment may moreover come up short due to the 
high viability of tumor stem cells. It is characterized by high DNA repair 
capacity, overexpression of anti-apoptotic factors, high hypoxic stability, 
and overexpression of detoxifying proteins (Vinogradov and Wei, 2012).
The use of NPs in cancer therapy can overcome the most of problems fac-
ing the chemotherapy, where its  use in drug delivery system enable the 
therapeutic agents to be specifically target the tumor tissue, reducing the 
required dose of the drug which reflects positively on the general health 
condition of the patients, also can enable combining more than one drug 
in the same formulation, detect tumors much faster than traditional di-
agnostic methods, enable faster healing / recovery, and reduce the risk 
of infection (Krishnan and George 2014; Elgqvist 2017). Drugs loaded 
into NPs can be directed to tumor cells through active targeting mech-
anisms that target specific biological structures that are overexpressed 
in malignant tissues. Or using passive targeting mechanism depends on 
the enhancement of cell permeability and retention effect exhibited by 
some cancer cells. Or through exogenous or endogenous stimuli target-
ing mechanisms (Behera and Padhi, 2020). For example, in breast cancer 
the tumor cells have specific properties which could be utilized by NPs 
for drug delivery targeting mechanism such as higher glucose uptake 
and lower oxidative phosphorylation leading to over production lactate 
(acidic pH). pH gradients between the normal tissue (blood physiological 
pH 7.4) and the tumor site (tumor extracellular pH 6.5) (stimuli target 
delivery system). In the same sequence, the temperature of tumor tissue 
raised to 40–42°C due to the increasing rate of glycolysis and rapid cell 
proliferation). Higher concentration of intracellular glutathione (GSH) 2–3 
orders higher than the extracellular GSH which can used in active target 
mechanism, finally in breast cancer cells, the folate receptors and human 
epidermal growth factor receptor 2 (HER2) over expressed in tumor cell 
which can used for target delivery system (Herdiana et al.,2021). Doxoru-
bicin as anticancer chemotherapeutic drug conjugated with an anti-HER2 
monoclonal antibody is attracted to HER2 receptor (active targeting 
mechanism). At pH 5, the drug was quickly and fully released from the 
NPs. the NPs drug delivery system in this case could improve cytotoxicity, 
selectivity, and efficiency of encapsulation drug (Herdiana et al 2021).

  Currently, different metal NPs like silver, gold, zinc and copper are 
integrated into the cure and diagnosis of cancer. The anticancer activity of 
these NPs is due to the formation of reactive oxygen species (ROS), which 
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causes cytochrome C and caspase activation, mitochondrial membrane 
permeabilization, DNA cleavage, and finally apoptosis, auto-phagocyto-
sis, and necrotic death of the cancer cell (Andleeb et al., 2021). 

Alzheimer nanomedicine 

The World Alzheimer’s Disease Report (2019) reported that the num-
ber of Alzheimer’s patients will reach 152 million by 2050 (Lynch et al., 
2020). The blood brain barrier (BBB) is known to have a major impact 
in Alzheimer disease (AD) pathogenesis. It is a highly selectively semi-
permeable membrane which acts as a structural and chemical barrier to 
prevent the entry of any foreign substance that aims to invade the brain 
tissues making it very hard obstacle facing the drugs used in treatment 
of neuro-degenerative diseases. Carbon nanotubes, Polymer, liposomes, 
magnetic NPs can easily cross the BBB (Xu et al., 2021) making them 
promising agents for the early diagnosis and curing of neurodegenera-
tive diseases such as AD. In addition, the changes in the physicochemical 
features of NPs have been created as challenges to encourage movement 
of their execution for the curing of neurogenerative diseases. For exam-
ple, binding of NPs with polyethylene glycol and polysaccharides elevate 
the drug encapsulation bioavailability. Transferrin-conjugated NPs exhibit 
higher passing across the BBB. Nano-emulsions with oils higher in ome-
ga3 poly unsaturated fatty acids, polyclonal antibodies against brain spe-
cific antigen, apolipoprotein E attached solid lipid NPs, have all exhibited 
potent targeting delivery system to the brain tissue (Naqvi et al., 2020). 
Liposomes hold a promising approach against AD. it facilitates loading 
of hydrophilic lipophilic drugs. To overcome the macrophage attack and 
opsonization in invivo system, the liposomes are coated with a layer of 
biomaterial with stealth properties such as polyoxyethylene, cholesterol. 
These coatings enhance the duration of drug action by prolonging its 
circulation time and protecting them from immune attack (Faiyaz et al., 
2021).

Nanomedicine and diabetes mellitus

Diabetes Mellitus (DM) is a common chronic disorder. It is simply 
defined as an endocrine disorder characterized by a hyperglycemic con-
dition. Polyuria, polydipsia, polyphagia, and weight loss are the major 
clinical signs of DM (Delicano et al., 2020). There are three main types of 
DM 1. Type 1DM (T1DM) bodies cannot produce insulin (autoantibodies 
were produced against pancreatic β-cells). 2. Type 2 diabetes (T2DM) The 
body produces insulin, but the cells are resistant to “insulin resistance.” 3. 
Gestational diabetes is first detected during pregnancy (Elhabush, 2016). 
Some complications are associated with chronic DM such as retinopathy, 
diabetic foot, nephropathy, neuropathy, and diabetic cardiomyopathy, 
which are the leading causes of death (Elhabush, 2016). Some of the dis-
advantages faced using conventional hypoglycemic anti-diabetes drugs 
in DM, such as oral administration failure and double insulin injection 
which considered as the major deterrents facing patient. It is painful and 
unpleasant. That aside. Inappropriate dosages or timing of this treatment 
can lead to dangerous hypoglycemia leading to coma and death. Most 
hypoglycemic agents cause long-term gastrointestinal disorders, diar-
rhea, renal failure, and hypersensitivity. Therefore, it is momentous to 
discover new antidiabetic candidates with greater safety but fewer side 
effects. An alternative route to administer insulin to patients in a more 
convenient way is needed.

Insulin-coated gold NPs 

Gold-NP, in the form of an insulin aspartate-capped gold-NP com-
posite, is used as an inorganic nanocarrier of insulin for the therapeutic 
potential of DM administered either by intranasal route or oral route. The 
conjugation of insulin to gold NPs prevented its rapid degradation by 
the insulin-degrading-enzyme and thus allows controlled and adjustable 

bioactivity (Shilo et al., 2015). The hydrogen bond between insulin and as-
partic acid is weaker than the covalent bond between insulin and the di-
rect gold NPs, so the bond between insulin and aspartic acid is used. This 
makes insulin release easier and faster. This formula can reduce blood 
sugar levels to 55% via intranasal route (Joshi et al., 2006).

Ins-chitosan-vitamin B12- calcium phosphate NP

Chitosan can be used as a natural coating for a variety of NPs due to 
its unique biodegradability, biocompatibility, and mucosal adhesion. Chi-
tosan is a positively charged polymer that provides maximum adhesion 
to negatively charged mucosa and cell membranes, thereby increasing 
cell permeability of enterocytes (Mohammed et al., 2017). It is also pos-
sible to temporarily open the tight junction of the intestinal epithelium 
and increase the permeability of this delivered protein (Heidarisasan et 
al., 2018). Chitosan has all the above desirable properties, but it precip-
itates at neutral to basic pH and cannot be used by oral administration. 
To overcome this obstacle, chitosan-bound calcium phosphate NPs and 
vitamin B12 (Ashwni et al., 2015), which provide maximum solubilization 
at neutral and basic pH, make this NP the potential of chitosan vitamin 
B12-calcium phosphate NPs. VitB12 also showed a target ligand that is 
significantly involved in pH-dependent insulin release in simulated gastric 
and intestinal fluid and increased oral bioavailability of insulin (Verma et 
al., 2016). This formula Can be prescribed as a typical nanocarrier to insu-
lin administrated via oral rout (Verma et al., 2016).

Liposomal glucagon-like peptide (GLP1)

Glucagon-like peptides are incretin hormones (which induce glu-
cose-dependent postprandial insulin secretion) that result in glucose-de-
pendent insulin release. The main effect of GLP1 is to stimulate insulin 
and inhibit glucagon secretion, as well as to reduce intestinal motility 
and secretion and delay gastric emptying. As a result, GLP1 appears 
as a physiological regulator of appetite and food intake (Araújo et al., 
2016). GLP1 is currently being evaluated for the treatment of type 2 DM 
(Araújo et al., 2016). GLP1 itself has a short half-life in the gastrointestinal 
tract due to its rapid degradation by the enzyme dipeptidyl peptidase 4 
(DPP4), so oral bioavailability remains a challenge for the pharmaceuti-
cal industry (Simos et al., 2021). Based on this a liposomal formulation 
of (dipalmitoyl-phosphatidylglycerol-DPPG) -NPs could be used as na-
no-carrier provides a protective and stable biocompatible environment 
for encapsulated (GLP1- and dipeptidyl-peptidase 4 inhibitor (iDPP4). For 
oral administration, liposomal NPs encapsulated with GLP-1 and iDPP4 
are coated with chitosan and a cell-penetrating peptide. it is a short pep-
tide that promotes cellular uptake of molecules that increase transcellular 
transport. This formulation may be innovative for the oral use of anti-di-
abetic drugs such as GLP1.

 Osteoarthritis and nanomedicine
 
Joint disease is one of the most common conditions caused by 

continuous damage to joint tissues such as cartilage, synovium, and 
subchondral bone. Osteoarthritis is a chronic, irreversible degenerative 
disease characterized by progressive degeneration of cartilage, inflam-
mation of the synovium, and abnormal reduction of synovial fluid (Mar-
tel-Pelletier et al., 2016). Intra-articular drug injections are widely used in 
the treatment of osteoarthritis but reduce the bioavailability of the drug 
(free drugs are quickly removed from the joint cavity), frequent injections, 
inflammatory reactions, and potential overdose is a major drawback of 
these traditional drugs. The non-steroidal anti-inflammatory drug used 
to treat inflammation associated with osteoarthritis has severe long-term 
side effects of upset stomach, gastric ulcer, liver, and kidney damage in 
the long run. Nanomedicine has a great deal of room for the treatment 
of osteoarthritis. This is because NPs can penetrate deep into the cell 
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and change the physiology of the cell as needed. NPs encapsulated with 
anti-inflammatory drugs can prolong the release of these therapeutic 
agents, increase its bioavailability, ensure sustained release and delivery, 
optimize doses, and reduce its side effects which are the important goals 
of osteoarthritis treatment (Mohammadinejad et al., 2020). Liposomal 
NPs are widely used for drug delivery in osteoarthritis due to their biode-
gradability, biocompatibility, high encapsulation capacity, and ability to 
capture hydrophilic and lipophilic drugs (Patil and Jadhav, 2014).

Gold nanoparticles 

 Gold nanoparticles (GNP) exhibit anti-arthritis activity due to their 
antioxidant and anti-inflammatory properties (Khan et al., 2018). Curcum-
in widely used in arthritis, it has anti-inflammatory and antioxidant effects 
and downregulates the expression of inflammatory markers (Shep et al., 
2019). However, the low oral bioavailability of curcumin hinders its thera-
peutic effect. This is a big problem. Liposomal formulations may increase 
the cellular uptake of curcumin. GNP tagging with curcumin, followed by 
curcumin GNP encapsulated in dipalmitoylphosphatidylcholine (DPPC) 
liposomes, can be used as a modified target delivery system for the treat-
ment of osteoarthritis, increasing bioavailability of the drug by intra-artic-
ular injection and provides sustained release (Sarkar et al., 2019).

Curcumin

 Hyaluronic acid (HA) is the main component of articular cartilage 
and synovial fluid. Intra-articular injection of extrinsic HA plays an im-
portant role in the treatment of osteoarthritis due to its lubricating and 
anti-inflammatory effects, as endogenous HA disintegrates as osteoar-
thritis progresses (Bowman et al., 2018). Faster degradation and inability 
to localize to the cartilage surface are the main drawbacks facing using 
HA to treat osteoarthritis. As a future application of NPs in osteoarthritis 
the curcumin as strong antioxidant and inflammatory will loaded with HA 
and both are encapsulated in chitosan polymeric NPs. This formula can 
be used as targeted delivery system for the treatment of osteoarthritis, 
injected via intra-articular route increased the drug bioavailability. HA 
and curcumin may synergistically suppress the development of osteoar-
thritis (Charan et al., 2021). 

Conclusion

Nanotechnology is a truly interdisciplinary science, with chemists, 
physicists, biologists and pharmacists all playing an important role in the 
development of new therapies and diagnostics. From this review, the ap-
plication of nanotechnology in drug delivery and medical care has opened 
new avenues and opened many doors to the provision of customizable 
and safe treatment options. Nanotechnology encapsulates drugs and / 
or tracer compounds in NPs for direct delivery to target tissues while 
reducing toxicity by avoiding accumulation and consequent side effects 
in healthy tissues. Will try to increase efficiency. Encapsulation of the drug 
also allows for their controlled release and avoids peaks at concentrations 
that are very harmful or below therapeutic doses. In addition, NPs have 
proven to be a major issue in bringing new drugs to market, as they are of 
great value in the delivery of low-water-soluble drugs and limit bioavail-
ability in the body. Nanoparticles can be manufactured using a variety of 
materials, depending on the intended function of the system.
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