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Abstract 

Nano particulated systems are biocompatible materials or devices, engineered with a 
purpose to deliverer desired bioactive compounds to a targeted location without inducing 
any secondary reactions or side-effects. The diversified ability of this bioengineered 
molecule to breach the biological barriers to reach the targeted location in the biological 
system uplifts its other versatile nature of active distribution. Furthermore, its negligible 
toxicity and biodegradability has resulted in making it a unique candidate for its purpose 
as nanoparticulated system. These nano-based systems are currently exploited in 
conjugation to a heterogeneous array of bioactive natural phytochemicals or synthetic 
compounds as a therapy against various diseases or disorders. Some diseases or disorders 
include obesity, diabetes, liver fibrosis, cardiovascular disorders, neurodegenerative 
disorders, cancers of various forms and microbial infections. Despite of the ability of 
these nano-based systems to be a novel therapy against a number of diseases and 
disorders their utilization and commercialization is restrained. This procrastination could 
be relinquished if pertinent mechanisms of their molecular interactions are properly 
acknowledged. Henceforth the objective of the present paper is to provide an overview of 
the types of nano carriers employed in diversified nano particulated systems based on 
their theranostic application, beneficial as well as deleterious impacts, present status and 
future prospects. 
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1. Introduction 

During the early eighties from the works of Michael Faraday and Richard Feynman the 
concept of nanoparticles (NPs) is basically derived [1]. Concurrently, manipulation at the 
atomic level and production of nanoscale objects originated from the development of a 
polymer drug-conjugate and liposome, pioneering research of Jatzkewitz and Bangham 
respectively [2,3]. Further, Eric Drexler revolutionized the concept of molecular 
manipulations of NPs with his paper and a book entitled as "Molecular Engineering: An 
Approach to the Development of General Capabilities for Molecular Manipulation" and 
"engines of creation: the coming era of nanotechnology" respectively [4]. A unique 
platform is provided by nanotechnology where it is not so stringent to modify or develop 
nano particulated systems from metallic or organic compounds having fruitful application 
in the field of biomedical therapy. The physical, chemical and biological properties such 
as size, shape, stability, biocompatibility, biodegradability, poly dispersity, optical 
properties, surface Plasmon resonance are some of the major attributions of these nano 
particulated systems. Currently, these properties are highly explored in various clinical 
and biomedical applications such as contrasting agents in MRI imaging, cell labeling, 
anti-microbial, biomarkers and as drug-delivery systems for diagnosis or theranostic 
purposes [5,6]. 
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Out of all the possible nanotechnology based applications, the targeted drug-delivery 
systems are highly exploited in a search of finding a multifunctional therapy against 
various diseases and disorders such as obesity, diabetes, liver fibrosis, cardiovascular 
disorders, neuro degenerative disorders, cancers of various forms and microbial 
infections [7-10]. NPs such as chitosan conjugated γ-poly (glutamic acid) (γ-PGA) along 
with anti-diabetic peptides; insulin and the exendin-4 were proven to be effective in 
diabetes [11]. Nanotechnology-based nanomedicine such as PEGylated liposomal 
doxorubicin, cyclodextrin-containing camptothecin, polymeric micelle containing 
paclitaxel, magnesium oxide nanoparticles, PEG-irinotecan (NKTR 102), lipid NPs 
containing small interfering RNAs (siRNA), block copolymer vaccine containing 
peptides are being evaluated for their targeted anti-cancers activity for the treatment of 
ovary, pancreas, lung, gastro esophageal, breast, liver and skin cancer [12].  

In the past few years naturally occurring nanosized vesicles secreted by monocytes and 
macrophages named exosomes are being used as an exosomal-based delivery system for 
a potent antioxidant, to treat Parkinson’s disease (PD) [13]. Nanoparticulated systems 
made of zen, encapsulating quercetin, which through oral absorption contributes notably 
in improving bioavailability of bioactive compounds such as flavonoids as a possible 
therapy against Alzheimer’s disease (AD) [9,14]. Despite the great beneficiary efficiency 
of this orally administered nanotechnology based drug delivery system, it suffers some 
drawbacks such as it tends to show gastrointestinal side effects and lack of brain targeting 
[15]. Therefore, polymeric NPs such as PEGylated poly [α,β-(N-2-hydroxyethyl)-d,l-
aspartamide], galantamine loaded poly (lactic-co-glycolic acid) (PLGA), liposomes 
containing rivastigmine HCl along with phosphatidylcholine; dihexadecyl phosphate; 
cholesterol; glycerol and efavirenz-loaded poly (ethylene oxide)/ poly (propylene oxide) 
micelles were brought into light which are administered by intravenous, intranasal or by 
subcutaneous an alternative to oral uptake [15-17].  

Dendrimers, liposomes, solid lipid NPs (SLN) and nanopolymers such as poly (lactic-co-
glycolic) acid loaded with specific natural or synthetic bioactive compounds are being 
investigated for their theranostic application in the case of chronic lung diseases such as 
asthma, tuberculosis hypertensions, etc. [18]. It is evidenced that nano encapsulated 
antibiotics such asrifampicin, isoniazid, moxifloxacin and streptomycine were found to 
be more effective than conventional free antibiotics against tuberculosis [19]. AIDS, 
which threatens to cause a great plague in the present generation, could also be possibly 
treated with the help of nanotechnology based therapy. The effectiveness of antiretroviral 
(ARV) drug depends on its ability to penetrate through BBB and blood-cerebrospinal 
fluid barrier (BCSFB) which most of the conventional medicine fails to breach. 
Therefore, an alternative to these medicines are nano medicines which could efficiently 
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penetrate BBB and BCSFB with negligible toxicity [20]. Likewise there is various 
nanotechnology based experimental therapy for diabetes, obesity liver fibrosis which are 
described below along with drug targets and the demerits as well as future prospects.  

2. Types of nanocarriers 

Nano particulated systems are basically nano carriers involving multiple types of organic 
or inorganic biocompatible molecules which together with the therapeutic compounds 
range approximately within 1000 nm [21]. Here the agent with therapeutic efficiency 
could be either fabricated on the surface or encapsulated within the nano particulated 
system [22,23]. These nano-based systems could be segregated in to various types based 
on the composition or source of NPs used for the synthesis of nanocarriers which further 
could be engineered into nano particulated systems. 

These nanocarriers could be synthesized either from inorganic, organic or both of the 
NPs. Inorganic NPs including gold (Au), silver (Ag), Ag-Au, copper (Cu), zinc (Zn)/ 
(ZnO), iron (Fe), iron oxide (Fe2O3), silica based NPs (porous, non-porous, mesoporous), 
carbon based NPs (quantum dots, carbon cnanotubes, fullerenes, graphene, 
nanodiamonds), titanium based NPs, etc. in the form of nanoshells and nanocages are 
commonly been synthesized [24,25]. The synthesis of NPs from various biological 
sources (plants and microbial) and their considerable potential in biomedical application 
in conjugation with other nanocarrierss resulting in a hybrid nanoparticulated system is a 
significant achievement of the present time. Inorganic compounds such as iron (III) oxide 
(Fe2O3) are paramagnetic in nature and occur naturally as magnetite mineral. These super 
paramagnetic iron oxide NPs are slowly been given priority for various clinical and 
biomedical applications as a novel entity because of their ultrafine size, magnetic 
properties and biocompatibility [26-31]. Ag NPs are still charming the current scientists 
in every phase of scientific advancement to explore new dimension for their utilization 
specifically biomedical research [32]. Current utilization of these MNPs is growing day 
by day starting from paints to very sophisticated in vitro and in vivo DDS. AuNPs are 
also extensively exploited in different domains of science diversified domains; 
biomedical is one of those fields where the particles have shown its effectiveness [33]. 
Silica NPs on the other hand is an efficient nanocarrier in the drug delivery system due to 
its specific size, volume, distribution and high surface tolerability to silanol 
functionalization are some of the other modifiable features [34]. Carbon based 
nanocarriers such as carbon nanotubes, fullerenes, nanodiamonds (NDs), carbon 
nanohorns, carbon nanodots, graphenes and its derivatives are also widely applied in the 
field of nanomedicine or as drug delivery vehicles along with their ability to coronate 
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with different biomolecules and bioimaging has been largely exploited in recent times 
[35]. 

But the most efficient nanocarriers in biomedical science are organic NPs which includes 
polymeric nanoparticles (PNP), lipid based nanoparticles, dendrimers (DEN), liquid 
crystal (LC) systems, niosomes (NIO) microemulsions (MEs), nanomicelles (NAs) [21]. 
PNPs are chain of CH2 based polymers having an appearance criss-crossed matrix or 
scaffold. By self-emulsion polymerization or by induced polymerization could result in 
the formation of a colloidal polymeric NPs simultaneously encapsulating a therapeutic 
agent [36]. Solid-lipid-NPs and nanostructured lipids are lipid based, extensively used 
nanocarriers in the biomedical field. These nanocarriers basically consist of a mixture of 
one or more lipid, surfactants and water which are previously known to be biocompatible 
and biodegradable in nature [37]. Another nano-sized highly symmetrical/ ordered, 
branched macromolecules with well-defined, homogenous, and monodispersed structure 
are dendrimers [38]. These hyper branched macromolecules with cautiously customized 
architecture and the functionalizable end-groups further provide an additional opportunity 
for their user dependent modulation of physicochemical or biological activities [38]. 
Niosomes were primarily used in cosmetic industry but presently are being used in 
biomedical sciences as a nano carrier for the purpose of a drug delivery system. These 
nano-systems are thermodynamically stable polyhedral, multilamellar or unilamellar 
nanostructures results from self-assembly of amphiphilic surfactant which are non-ionic 
in an aqueous medium with hydrating mixture of cholesterol [39]. These systems are 
equipped to carry a diversified array of drugs either natural or synthetic origin 
irrespective of their nature that is amphiphilic, hydrophilic, lipophilic with further 
increasing the bioavailability and ameliorated side-effects [40,41]. Similarly, isotropic 
liquid mixtures of oil, water and surfactant, in combination with a co-surfactant gives rise 
to clear, thermodynamically stable micro/nanosystems called micro/nanoemulsions. 
These systems in combination with various antibiotics such as ciprofloxacin, 
cephalosporin, caftriaxone, cefotaxime, etc. are also highly explored for their biomedical 
potency [42]. 

3. Targeted delivery and control release 

The nanoparticulated systems possess varying degree of magnetic, thermal, optical and 
electrical properties which is basically due to their high surface area and limited quantum 
mechanical effects [43]. These properties orchestrate a predominant role in targeted drug 
delivery. In general, nanocarriers loaded with a drug, could be delivered to the targeted 
site through passive, active or physical targeting methods [43,44]. 
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Enhanced permeability and retention effect (EPR) are the working principle of passive 
targeting that makes targeted cells to selectively absorb nanoparticulated systems [45]. 
NPs properties such as particle size, shape and surface charge greatly influences EPR 
effect resulting in the modulation of circulation time, penetration speed and intracellular 
internalization of the NPs [46,47]. Active targeting alternatively involves ligands such as 
antibodies, proteins and peptides functionalized on the surface of nano formulated 
particles, which at targeted site interacts selectively with the appropriate over expressed 
receptors [48-50]. The efficiency of the method could be substantially improved if 
multiple ligands or diversity of a single ligands having high binding affinity for the 
targeted receptors used [43]. Lastly, when external sources or fields such as photothermal 
and magnetic hyperthermia therapy are used to guide NPs to the targeted site and control 
release, then the targeting method could be categorized as physical targeting [51]. 

The most dynamic and irreplaceable application displayed by these nanoparticulated 
systems is their ability of controled release. In the current century of nanomedicine, it is 
actually this phenomenon which is extensively explored for development of advanced 
therapeutics. The phenomenon of controled release in the nanoparticulated system is 
stimuli-responsive in nature. This, simply means that the controled release of the 
nanoparticulated systems could be triggered either by intracellular (pH, ATP, 
Glutathione, enzyme, glucose and H2O2) or exogenous (temperature, light, magnetic 
field, ultrasound and electericity) stimuli [52]. 

4. Merits of nanotechnology based therapeutics 

Nanotechnology based therapy have numerous merits which are simple reflection of their 
tuned physical properties (discussed later) in the biomedical science. For instance in 
diseases such as obesity, diabetes, cardiovascular diseases (CVD), liver fibrosis, cancer, 
neurodegenerative diseases and microbial infections nanotechnology based therapy 
shows promising outcomes (Figure 1,Table 1). 

Obesity 

Obesity is at the centre of metabolic disorders such as diabetes, fatty liver disease and 
other array of additional health problems such as cardiovascular diseases (CVD), 
atherosclerosis, degenerative disorders and certain type of cancers [78]. Obesity is also 
linked to elevated secretion of pro-inflammatory, inflammatory, diabetogenic and 
atherogenic adipokines/ cytokines, mRNA changes and protein profile, malformed 
extracellular vesicles containing mRNAs, micro RNAs, certain proteins as well as 
fibrosis and deregulated extra cellular modelling which results in systemic inflammation, 
insulin resistance and metabolic disorder [79]. The growing epidemic of obesity could be 
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addressed by the emerging nano technological approaches specifically in the food 
industries. As a powerful public health tool, approaches based on nanotechnology plays a 
distinctive and chief role in food production which could be beneficial for providing low-
calorie foods [80]. From different prospect obesity associated disorders could be 
addressed by targeting adipose tissue expansion and transformation from an energy 
storage status that is white adipose tissue (WAT) into an energy expenditure status that is 
brown-like adipose tissue (BAT) [81]. 

 

 

Figure 1: Strategies of nanoparticulated system in biomedical application. HSC-hepatic 
stellate cell, WAT-white adipose tissue, BAT-brown-like adipose tissue, BBB-blood 

barain barrier, TGFβ-transforming growth factor β 

 

Currently, the main focus of nanotechnology is development of biodegradable non-toxic 
drug delivery nanosystem, utilizing nano-emulsions, surfactant micelles, emulsion 
bilayers and reverse micelles [82]. Xue et al. [81] developed a peptide-functionalized NPs 
nanoparticulated system to deliver either Peroxisome Proliferator-Activated Receptor 
gamma (PPARgamma) activator rosiglitazone (Rosi) or prostaglandin E2 analog (16, 16-
dimethyl PGE2) to adipose tissue vasculature. Through self-assembly of end-to-end 
linkage between poly (lactic-coglycolic acid)-b-poly (ethylene glycol) (PLGA-b-PEG) 
and endothelial-targeted peptide the biodegradable nano particulated system was 
developed. Transformation of WAT to BAT is induced Rosi realised from the 
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nanosystem, which further facilitates enhances delivery at the targeted site [81]. 
Similarly, there are many natural compounds such as barberine, butein, capsaicin, and 
fucoxanthin that influence obesity by BAT activation/ browning of WAT and uncoupling 
protein 1 activation in WAT via either AMPK/Pgc-1α activation, Prdm4 induction or 
TrpV1 activation [83-87]. Likewise, there are some synthetic compounds that influence 
obesity by BAT activation/ browning of WAT such as Pparγ agonist, Notch inhibitors 
salsalate, β3-AR agonists and BAY 41-8543 by the means of Prdm16 stabilization Notch 
pathway inhibition, Pka pathway, β-adrenergic receptor activation or cGMP-dependent 
pathway [52]. These obesity modulating compounds could be loaded into desired 
polymeric or liposome based nanoparticulated system and evaluated for their anti-obesity 
activity as the research in these area is scanty. 

Diabetes Mellitus 

Both Type-I and II are broad categories of diabetes mellitus. Type-1 diabetes is an 
autoimmune destruction of insulin-producing pancreatic beta cells and the later is caused 
by insulin resistance coupled with failure of beta cell to compensate [88]. In type-II 
diabetes insulin regulates the blood glucose level by signalling the cells to absorb sugar 
from the bloodstream but the uptake of sugar from blood is interrupted by the destruction 
of beta cells and is brought about by both the environmental and genetic factors under 
stress environment [89,90]. 

Various stress triggred auto-antigens are produced by beta cells in type-1 diabetes which 
are later recognized by the auto-antibodies and auto-reactive T-cells that precisely lead to 
autoimmune destruction [91,92]. The auto-reactive T-cells, monocytes and dendritic cells 
are activated by the pro-inflammatory cytokines, which are in turn activated by their 
transcription factors NFκB [93]. IL-2 and INF-βsecreted by the activated CD4+ “Th1” T-
cells, activates CD8+ T-cells and other immunologically related macrophages. Together 
these inflammatory cytokines (IL-β, TNF-α and ROS) secreted by the activated 
macrophage contributes to the destruction of beta-cells [94,95]. In type-II diabetes 
(insulin resistance) the insulin receptor substrate (IRS) family present on insulin-
responsive cells are themselves phosphorylated when insulin binds to them, initiating 
downstream signalling events [96]. Inhibitions of these downstream signalling pathways 
are the major mechanism through which inflammatory signalling leads to insulin 
resistance [88]. The reoccurrence of may lead to variety of complications such as 
neuropathy, retinopathy and nephropathy both in case of type-1 and II diabetes [78,97]. 

The present medication such as metformin, sulphonylureas and antihyperglycaemic 
agents such as glinides, thiazolidinediones, α-glucosidase inhibitors, dipeptidyl peptidase-
4 inhibitors and sodium-glucose cotransporter-2 inhibitors shows heterogeneous side 
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effects, low delivery rate, retention time, biodistribution and biodegradability after 
prolonged administration [98]. Thus, the demand for development of an alternative 
medication which could compensate the lacuna of conventional drugs is of urgent need, 
which could be precisely addressed by the exploitation of nanotechnology. 

Ameliorated toxicity or side-effects of synthetic drugs and efficient delivery of natural 
therapeutic by nanoparticulated system has become an emerging focus of current studies 
[99]. Development of anti-diabetic therapy are being explored using PNPs, polymeric 
micelles, ceramic NPs, liposomes, DENs and functionalized SiNPs [87,99]. For example 
insulin loaded N-trimethyl chitosan chloride functionalized poly lactic-co-glycoside NP 
was formulated by Sheng et al. [100] for oral delivery, which was efficient in oral insulin 
absorption and breaching the multiple barriers. Shi et al. [101] developed polyethylene 
glycol-poly (lactic-cohlycolic acid) NPs functionalized with Fc recptors for exenatide 
oral delivery. It is an effective therapy against type-II diabetes, as exenatide (39-
aminoside peptide) is similar to glucagone like peptide-1 in its glucoregulatory action. 
Similarly, there are other nanotechnology based therapeutics available which shows 
promising results some of which have been depicted in Table-1. 

Cardiovascular Diseases 

Visceral obesity, diabetes mellitus and hypertension comes under a cluster of 
cardiovascular risk factors which begins a sequence of cardiovascular events leading to 
cardiovascular disease continuum [102]. It has been stated that delayed intervention of 
these factors will inexorable progress to atherosclerosis/ cerebrovascular diseases (CVD), 
coronary heart disease, rheumatic and congenital heart diseases, etc. which may further 
lead to death [102,103]. Within the field of cardiovascular engineering and regenerative 
medicine, investigation and translation to find a remedy to ameliorate the impact of 
CVDs, is basically rooted to advancement in biomedical science [56]. Nano particulated 
systems plays a central role in improving the therapeutic potential of conventional/natural 
drugs or agents in targeted drug delivery, diagnosis, repair and regeneration of the cardiac 
tissue, simultaneously without hampering homeostasis of the system [103,104]. 

The present diversity in application of nanomaterials are ranging from protein level, that 
is few nanometres to cellular levels that is less than a micrometers, where the 
nanosystems mimic the cellular extracellular matrix, microenvironment as well as tissue 
structure hierarchy [105,106]. Polymeric PLGA NP encapsulating pitavastatin without 
PEGylation was developed by Duivenvoorden et al. to augment the anti-inflammatory 
effect of statin in coronary artery disease mediated by monocyte or macrophage [107]. 
Ahadian et al. [108] culture mouse embryoid bodies in the microwells, the surface of 
which was fabricated gelatine methacryloyl hydrogel-aligned carbon nanotube scaffold. 
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They found that gelatin methacryloyl hydrogel electrophoretically aligned to carbon 
nanotube enhance the cardiac differentiation of the mouse embryoid bodies. Later in 
another approach they introduced carbon nanotube into poly (octamethylene maleate) 
1,2,4-butanetricarboxylate (124 polymer) and an elastomeric scaffold for cardiac tissue 
engineering, which provided electrical conductivity and structural integrity to the 
nanopolymer (124 polymer) for tissue regeneration [109]. The progress in the 
nanotechnological strategies to treat various cardiovascular diseases is still improving and 
much emphasis and enthusiasms must be raised towards the development of advanced 
theranostic to combat the present need. 

Liver fibrosis 

Developments of cirrhosis progressing from hepatic fibrosis are the key features 
displaced by almost every chronic liver disease. The pathophysiology of the extracellular 
matrix (ECM) deposition and metabolism in liver fibrosis have also gained deeper 
understanding due to the current advancement of science and technology [110]. Both the 
proportion of ECM and type varies in fibrotic liver in comparison to normal liver. It also 
has been found that, in liver fibrosis there is an increased deposition of malformed ECM 
[111]. At the molecular level, it has been documented that, increased deposition ECM 
proteins such as fibrillar collagens, fibronectin splice variants, proteoglycans; basement 
membrane proteins and moderately understood modifications in matrix proteins including 
glycosylation, glycosaminoglycan side chain sulfation and intermolecular together leads 
to cross-linking which leads to the development of fibrotic scars [111,112]. 
Steatohepatitis in particularly non-alcoholic steatohepatitis (NASH) and steatosis are 
involved in non-alcoholic fatty liver disease (NAFLD) of which steatosis considered as 
the first step of NAFLD, in the long run may progress to fibrosis and cirrhosis [113,114]. 
Lastly, metabolic syndromes such as high blood pressure and insulin resistance contribute 
vastly to the development of fibrosis [113,115].  

Further, hepatic stellate cell (HSC) as a major source of ECM deposition has been lately 
discovered from deeper insight into liver fibrogenesis [116]. And the activation of HSC at 
the molecular level is again mediated by several signalling pathways and upregulation of 
several proteins such as interstitial collagen, α-smooth muscle actin, proteoglycans and 
metalloproteinase [116,117]. Cytokine signals such as TGF-β, PDGH, etc. for activation 
and maintenance of matrix deposition, IL-10 for reversing this process or promote matrix 
degradation and subsequently. Along with these signalling pathways there are other 
potential therapeutic targets such as glucose regulation, leptin, endothelin, angiotensin II 
and a probable role of PPARγ [110,118]. 
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Number of conventional approaches has been made for treating liver diseases interferon 
γ, angiotensin II antagonists and IL10 have unsatisfactory clinical trials results despite the 
promising results in preclinical trials [119-121]. The major drawback unveiled by the 
convention therapeutic formulation was lack of targeted delivery [122]. This drawback 
can be easily achieved by nanoparticulated drug delivery systems which have an 
advantage over conventional therapeutic formulations that includes tuned, controlled, 
biodegradable, and biocompatible as well as target specific delivery with low side-effects 
[117,123]. For example an ultrasound microbubble-cationic nano-liposome complex 
encapsulating HGF expressing vector, was developed by Zhang et al. [124] with an aim 
of treating liver fibrosis in a bile duct ligation rat model and understanding its 
relationship with diffusion-weight MRI parameters. Thomas et al. [125] developed 
hyaluronic acid micelles carrying losartan an angiotensin type 1 receptor blocker to 
attenuate HSC activation in a C3H/HeN mice subject and murine fibroblast cells 
(NIH3T3), human hepatic stellate cells (hHSC) and hepatocyte cell line (FL83B). Based 
on α-smooth muscle actin expression in activation of HSC cell, the efficiency of NPs was 
determined. Likewise there are many other examples where nano-based approaches are 
evaluated for their therapeutic values or as a standard medication against liver fibrosis 
(Table 1). 

Cancer 

Cancer is a drastic and complex form of diseases causing a significant number of 
mortalities globally. It is characterized by the uncontrolled growth and spread of 
abnormal (unresponsive to cellular signalling) cells within or out of the tissue, resulting 
in accumulation, local damage and inflammation [126,127]. Cancer otherwise termed as 
malignant tumour, can be eliminated by heterogeneous cytotoxic approaches such as anti-
cancer drugs, γ-irradiation, suicide genes or immunotherapy through apoptosis [128]. 
Morphological, biochemical changes including cell shrinkage, neuclear DNA damage 
and membrane blabbing are the common characteristics of apoptosis. These specific 
alterations within the cells can be induced by multiple stress-inducible molecules such as 
INK, MAPK/ERK, NFκB, ceramide, and other pro-inflammatory, inflammatory 
cytokines as well as compound such as granzyme B, released by cytotoxic T cells or NK 
cells, may directly activate downstream apoptosis [129-131].  

The current forms of treatment for cancer includes surgeries, radiation therapy, and/or 
systemic therapies such as chemotherapy, hormonal therapy, neoadjuvant therapy, 
immune therapy, gene therapy and targeted therapy which varies based on type and stage 
of cancer; tumour characteristics; and the patient’s age, health, and preferences 
[126,132]. Despite the availability of a number of treatments, many forms of cancers still 
remains untreatable, either due to delayed identification, diagnosis, sophistication or high 
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treatment cost and the available experimental therapy is highly sophisticated, costly and 
shows unsatisfactory experimental outputs which further disqualifying them for 
preclinical trials. With the advancement of science remarkable progresses have been 
made in development of a therapy against cancer. Inhibition essential metabolic pathways 
linked with cell growth and division are the major strategies through which the present 
designed therapeutics causes cytotoxicity [133]. Some of these targeted therapeutics 
licensed for daily clinical use includes rituximab, trastuzumab, gefitinib, lapatinib, 
imatinib, bevacizumab and cetuximab [134]. But majority of the available 
chemotherapeutic agents are time-tested which shows good-disease free survival only for 
a limited time period.  

Nanotechnological advancements has led to an revolution where it is possible to engineer 
a novel tunable nanoparticulated system loaded with natural or synthetic 
chemotherapeutic agents with anti-cancer activity [135]. These nanosystems can nullify 
the major obstacles of toxicity, drug resistance, unspecific delivery, low biocompatibility 
etc. [136]. Some of the nanotechnology base devices used in diagnosis against cancer 
include carbon nanotubes, quantum dots, paramagnetic NPs, liposomes, gold NPs, MRI 
contrast agents and nanotechnology based method for high-specificity detection of DNA 
and proteins [135]. There are many other hybrid nanoparticulated systems are currently 
being developed and are evaluated for anti-cancer activity (Table-1).  

Neurodegenerative diseases 

Neuronal stress induced regular loss of neurons in the central nervous system is the 
primary reason behind various chronic and progressive disorders in neurodegenerative 
diseases [137]. Alzheimer’s disease (AD), Parkinson’s disease (PD), Amyotrophic lateral 
sclerosis (ALS), Multiple sclerosis, frontotemporal dementia, Huntington’s disease, 
spinocerebellar ataxias and multiple system atrophy are some of the progressive 
neurodegenerative diseases reported till now [138]. Out of the above mentioned diseases 
Alzheimer’s disease and Parkinson’s disease are more prevalent [139]. Although the 
degeneration of the neurons cannot be reversed completely by any drug, yet the early 
treatment of the disease can reduce the symptoms up to certain extent. The conventional 
therapy available shows a series of limitation and the major one is side-effects such as 
psychosis, confusion, hallucinations and the other is the incompetence to breach BBB 
[140]. 

Such limitations could be easily curtailed by the exploitation of nanotechnology, which 
could easily breach the BBB because of its small size and ameliorated side-effect because 
of its biocompatibility and biodegradability [141]. The BBB prevents the entry of 
molecules above 600 daltons into the central nervous system but nanoparticles can easily 
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invade into the CNS by carrier mediated endocytosis or phagocytosis [142]. In addition to 
nano-size, functionalization of the nanoparticulated system with appropriate transporter 
ligands which mediates the endocytosis through BBB endothelial cells. Several 
nanotechnological tools are developed for the detection of AD by focusing on AD 
biomarkers. There is an increased expression of amyloid-β-derived diffusible ligands 
(ADDLs) in the brain of AD patients which is also found in CSF as well as blood. A 
localized surface plasmon resonance nanosensor conjugated to an anti-amyloid antibodies 
tom measeur ADDLs in CSF [143]. Another detection method, proposed by the Mirkin 
and associates is the bio-bar code assay that can measure the ADDLs level in attomolar 
range. In the bar-code, magnetic nanoparticles in conjugation with ADDL monoclonal 
antibody are used for the recognition and attachment of ADDL.   

Nanotechnology has also provided drugs to reduce the effects of symptoms and 
behavioural changes appeared in case of AD. The drugs are carried to the target site by 
specific nanoparticles which protect the molecules from enzymatic degradation and do 
not cause any toxicity. These specific nanoparticles are liposomes, polymeric NPs, solid 
lipid NPs, inorganic NPs [144]. The drugs are entrapped inside a nanocore composed of 
biodegradable polymers like poly glycolic acid, chitosan, poly butyl cyanoacrylate 
(PBCA), poly caprolactone (PCL), etc. are best drug delivery systems for AD patients 
due to their high permeability to the BBB [145]. In the list of neurodegenerative diseases 
PD comes second to most sever where about 0.5-1% of people between the ages 65-69 
years gets affected [146]. Though there is no permanent cure for it, many nanotechnology 
based treatments and detection methods are available for the systematic relief. PD is 
characterised by the depletion of dopamine due to the degeneration of the dopaminergic 
neurons [147], mitochondrial dysfunction and the aggregation of α-synuclein neuronal 
protein [148]. For the detection of the biomarkers of PD such as dopamine in micromolar, 
scientists have developed a nanoporous electrochemical biosensor, constructed by 
palladium nanoparticles over the nanoporous gold wire [149]. The level of α-synuclein is 
detected by the carbon-based nanomaterials such as grapheme quantum dots and 
grapheme oxide quantum dots [150]. Intranasal routes are basically preferred for efficient 
delivery of the therapeutics at the targeted site in PD patients. For example glial cell line-
derived neurotrophic factor (GDNF) having neuroprotective effect was encapsulated in 
cationic liposomes formed of dioleoylphosphatidylcholine, cholesterol and stearylamine, 
and was effectively delivered through intranasal [151]. Recently for the treatment of PD, 
poly (D, L-lactide-co-glycolide) nanoparticles loaded with ropinirole is prepared by 
nanoprecipitation method [152]. And further research is still going on for the discovery of 
a novel nano-based therapeutic against these degenerative diseases some of these are 
listed in table no 1. 
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Microbial infections  

Application of nanotechnology in amelioration of infectious diseases is the second most 
area of research after oncology [153]. The major huddle in the treatment or diagnosis of 
pathogenic infection is their location within cell/ intracellular form in an active or latent 
state, where the delivery of the drug is critical or out of the drug reach. And further if at 
all the drug is delivered, the inadequacy in the dose / efficiency or due to the exposed 
time period, the infectious pathogen develops a tendency to resist the particular drug 
[153,154]. Some of these pathogenic bacteria include Mycobacterium tuberculosis, 
Staphylococcus aureus, Streptococcus pneumoniae, Nontyphoidal Salmonella, 
Entrococcus sp., Shigella sp., Klebsiella pneumonia, Pseudomonas aeruginosa, 
Actinetobacter baumannii and Neisseria gonorrhoeae [153]. Invasive fungal infections 
caused by Aspergillus sp., Zygomycetes, Fusarium sp., Scedosporium sp., and non-
albicans Candida sp. also represents a major risk as an opportunistic pathogen [155]. 
Viral infections on the other hand also possess noteworthy global impact which affects 
both health and socioeconomic developments. Specifically, human immunodeficiency 
virus (HIV), human papillomavirus (HPV), hepatitis B virus (HBV), hepatitis C virus 
(HCV), ebola virus disease (EVD), herpes simplex virus (HSV), zika virus (ZIKV) and 
influenza represent a major threat to human civilization, development of therapy against 
which is the primary task of present scientific community [156]. 

Though conventional antimicrobials such as bacterial cell wall inhibitors (fosfomycin, 
vancomycin etc.), protein biosynthesis inhibitors (tertacyclibnes, macrolides etc.), DNA 
synthesis inhibitors (4-quinolones), RNA synthesis inhibitors (rifampicin) and others 
such as ethambutol, isoniazid, streptomycin, kanamycin, capreomycin, amikacin, 
fluoroquinolones, para-amino salicylic acid, pyrazinamide, thioacetazone, rifabutin, 
ethionamide, linezolid and clofazimine have been proven to be beneficiary but still the 
adverse effect cannot be neglected [157]. Same is applicable for the anti-viral agents such 
as nucleoside reverse transcriptase inhibitors (zidovudine, didanosine etc.), nucleotide 
reverse transcriptase inhibitors (tenofovir disoproxil fumarate), non-nucleoside reverse 
transcriptase inhibitors (nevirapine, delavirdine etc.), protease inhibitors and viral entry 
inhibitors which also have certain demerits such as inefficiency to cross the blood-bone-
barrier, targeting and low retention time [156,158]. 

These limitations could easily be compensated by the application of nanotechnology. 
Currently there are number of nano-based drug delivery vehicles have evolved mostly of 
polymeric or liposome origin which proves to be potential against these infectious 
diseases. For example, Gajendiran et al. [159] developed an in vitro tuberculosis drug 
release efficiency of silver NPs tartarate-linked poly (lactic-co-glycolic acid) (PLGA)-
polyethylene glycol (PEG)-based multiblock copolymer loaded with rifampicin-, 
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isoniazid- and pyrazinamid. Further, Costa-Gouveia et al. [160] developed a pulmonary 
nano-delivery system based on biodegradable β-cyclodextrin polymer, encapsulating a 
major second line anti-tuberculosis drug, enhionamide and its booster BDM41906. The 
efficiency of the nano-formulation as a chemotherapeutic against tuberculosis was 
evaluated in vivo. Toxicity and the inefficiency to breach the BBB are the major 
limitation of the presently available therapeutics. amphotericin B deoxycholate (AmB) is 
one of such therapeutic agent which is an antifungal agent and could be an efficient 
therapy against cryptococcal meningitis, but is not due to its  inefficiency to cross the 
BBB. Xu et al. [161] formulated a nano formulation of AmB using α-butyl-cyanoacrylate 
against Cryptococcus neoformans 30629B induced experimental meningitis. The research 
team further showed that the nanoparticulated system encapsulating AmB could 
efficiently breach the BBB and were delectated in brain tissue after a span of 30 minutes 
of the injection, whereas the conventional AmB failed to do the same. Similarly, Roy et 
al. [162] developed surface unmodified and modified (-COOH and NH2) nanodimonds 
with an ability to load an anti-HIV-1 drug efavirenz and evaluated its cytoxicity in vitro. 
In this comparative study they found that the drug loading capacity was higher in 
unmodified nano diamond than modified nano diamond along with minimum toxicity. 
Thus, the overall prospect of nanotechnology is highly dispersed as a therapeutic agent 
and further research should be carried out to cordially understand the durability of nano-
based therapies. 

Table 1: Type of nanoparticles and their evaluation procedure in biomedical analysis 
Nanoparticulat
ed systems 

Model 
organism 

Evaluation 
performed  

Result References 

Obesity 
Superparamagn
etic iron oxide 
nanoparticles 
(SPIONs) 

human 
primary 
adipocytes 

Effect of SPIONs on 
22 and 29 risk genes 
(Based on gene wide 
association 
studies) for obesity 
and T2D in human 
adipocytes 

mRNA of GULP1, 
SLC30A8, NEGR1, 
SEC16B, MTCH2, MAF, 
MC4R, and TMEM195 
were severely induced and 
INSIG2, NAMPT, MTMR9, 
PFKP, KCTD15, LPL and 
GNPDA2 were down-
regulated 

[53] 

Cerium oxide 
nanoparticles 

3T3-L1 
pre-
adipocytes  

Interfere  of NPs with 
the adipogenic 
pathway 

The NPs reduces the 
mRNA transcription of 
genes involved in 
adipogenesis, and by 
hindering the triglycerides 
accumulation 

[54] 
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 Wistar rats Toxicity and 
biochemical or 
metabolic changes 

Negligible toxicity, 
efficient in reduction of 
weight gain and in lowering 
insulin, leptin, glucose and 
triglycerides level in 
plasma. 

 

Cubic phase 
nanoparticle/her
bal extract 
mixture 
suspensions 

3T3-L1 
cells 

Fluorescence activated 
cell sorting analysis 
and confocal laser 
scanning microscopy 

NPs promotes 
incorporation of water 
souble dye calcein into 
adipocyte cell 

[55] 

Wistar rats Biochemical or 
physiological changes 

NPs decreased 
the blood contents of 
aspartate aminotransferase, 
total cholesterol, 
triglyceride, urea nitrogen, 
and LDL and  promoted the 
capability of the herbal 
extracts in suppressing the 
body weight gain and the 
liver weight in the animal 
model. 

Poly(lactide-co-
glycolide) 
encapsulated 
Notch inhibitor 
(dibenzazepine) 

Primary 
preadipocyt
es from 
stromal 
vascular 
fraction 
(SVF) cells 
ofmale 
HFD-
induced 
obese mice 
with the 
C57BL/6 
background 

Intracellular delivery 
of the NPs using 
fluorescence 
microscopy, 
endocytosis process by 
TEM and Notch 
targets and the 
browning markers by 
qPCR assay 

Efficient intra cellular 
delivery (endolysosomal 
escape of NPs), expression 
of classical Notch target 
genes, Hey1, HeyL, and 
Hes1, was significantly 
inhibited and the mRNA 
levels of the browning 
markers such as Ucp1, 
Cidea, Ppargc1a, and 
Dio2, were elevated 
significantly as well as 
mRNA level of the 
cytochrome c oxidative 
subunit 5b 
(Cox5b) 

[56] 

Diabetes 
L-valine 
functionalized 
chitosan 
conjugated 
tripolyphosphat
e NPs loaded 
with insulin  

HT-29 cells In vitro cytotoxicity, 
pH and glucose 
triggered release and 
cellular uptake studies 

Negligible cytotoxicity, 
excellent stability against 
protein solution, efficient 
release and cellular 
ingestion was evaluated 
confocal laser scanning 
microscope 

[57] 
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Insulin-loaded 
alginate/dextran 
sulphate NPs 
dual-coated 
with chitosan 
and albumin 

Caco-
2/HT29-
MTX/Raji 
B cell 
monolayers 

pH-sensitivity and 
mucoadhesivity, in 
vitro insulin release 
and cellular uptake 
studies 

Sustained insulin release, 
efficient intestinal 
interactions, higher 
permeability and transport 
by clathrin-mediated 
endocytosis 

[58] 

Biomineralized 
insulin NPs 
 

Insulin-
resistant 
HepG2 cell 

Effect on glucose 
metabolism, 
cytotoxicity and 
cellular uptake studies, 
glucose oxidase assay 
and, Glut-4, Glut-2, 
IRS-2 and IRS-1genes 
expression 

 

 

 

[59] 

Diabetic 
KKAy 
mice 

 Durable  upgrade in their 
glucose metabolisms 

Eprosartan 
mesylate loaded 
nano-bilosomes 

Streptozoto
cin induced 
diabetes 

Biochemical  and 
molecular analysis 

The NPs decreased the 
serum creatinine, urea, 
lactate dehydrogenase, total 
albumin, and 
malondialdehyde and 
expressions of Angiotensin 
II typ-1 receptor, inducible 
nitric oxide synthase, 
transforming growth factor-
β1 

[60] 

Cardiovascular diseases 
Phe[D]-Pro-
Arg-
Chloromethylke
tone covalently 
linked to 
perfluorocarbon
-core NP  

- Inhibition of thrombin 
were assessed via 
thrombin activity 

Intrinsic activity against 
thrombin was observed 

[61] 

Male 
C57BL/6 
mice 

Antithrombotic 
activity was assessed 
through intravenous 

Efficient in inhibiting 
thrombosis 

Pitavastatin con
jugated poly 
(DL-lactide-co-
glycolide) 

Human 
coronary 
artery 
smooth 
muscle 
cells 
(VSMC) 

Cell proliferation and 
endothelial 
regeneration 

Most potent effects on 
VSMC proliferation and 
endothelial regeneration 
was observed 

[62] 

Domestic 
male pigs 

Effect on endothelial 
healing 

Effective endothelial 
healing effects were 
observed 
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Collagen IV 
targeted 
poly[lactic-co-
glycolic acid-b-
poly(ethylene 
glycol)] NPs 
encapsulating 
amino acids 2–
26 (Ac2-26)  

Male 
Ldlr−/− mice 

Atherosclerotic lesion 
analysis, LCM, RNA 
amplification, and RT-
qPCR and Bone 
marrow transplantation 

Prevention  of oxidative 
stress, rise in the protective 
collagen layer overlying 
lesions, and a decrease in 
plaque necrosis 

[63] 

Cerium oxide 
NPs 

Wistar rats Cortisol and 
Aldosterone hormones 
were assessed in serum 
and oxidant-
antioxidant parameters 
and histopathological 
examination in heart 
tissues were 
determined 

Decrease in serum cardiac 
markers such as CK-MB, 
LDH, AST, ALT was 
observed by noticeable 
percent and increased 
tissues level of antioxidant 
enzymes such as  catalase 
and superoxide dismutase 

[64] 

Liver fibrosis 
poly-ε-
caprolactone 
encapsulated 
Silybin NPs 

Male 
Wistar rats 

Pharmacokinetics, 
pharmacodynamics 
and hepatoprotective 
activity 

The NPs showedsuperior 
pharmacokinetic properties 
and 
hepatoprotective activity 

[65] 

Cerium oxide 
NPs 

CCl4-
treated rats 

To estimate 
standard hepatic and 
renal function tests, 
evaluate steatosis, α-
SMA expression, 
macrophage 
infiltration, apoptosis 
and mRNA expression 
of oxidative stress, 
inflammatory or 
vasoactive related 
genes, mean arterial 
pressure (MAP) and 
portal pressure (PP) 
were evaluated and 
serum samples 
obtained 

 Hepatic steatosis, 
ameliorated 
systemic inflammatory 
biomarkers were reduced 
and  PP were improved by 
cerium NPs, located in 
liver, without affecting 
MAP, resulting the 
reduction in mRNA 
expression of inflammatory 
cytokines (TNF-α, IL1β, 
COX-2, iNOS), ET-1 and 
messengers related to 
oxidative (Epx, 
Ncf1, Ncf2) or 
Endoplasmic Reticulum 
(Atf3, Hspa5) stress 
signaling pathways 

was observed 

[66] 
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Relaxin (RLN) 
loaded 
PEGylated iron 
oxide NPs 

human 
Hepatic 
stellate 
cells 
(HSCs) 

RLN conjugation NPs 
on human HSCs  

RLN conjugation was 
verified, definite binding 
and uptake to TGFβ- 
activated human HSCs was 
shown by NPs 

[67] 

CCl4-
induced 
liver 
fibrosis 
mouse 
models and 
human liver 
cirrhosis 
tissues 

RLN conjugation NPs 
on CCl4-induced 
advanced liver fibrosis 
mouse model 

By slowing down HSC 
stimulation, ECM 
deposition and 
angiogenesis, both RLN 
conjugated NPs and free 
RLN actively disabled 
fibrosis but the release of  
Nitric oxide (NO) was only 
increased by RLN 
conjugated NPs  through 
significant up-regulation of 
iNOS indicating supression 
of portal hypertension. 

Phosphatidylser
ine-modified 
nanostructured 
lipid carriers 
(mNLCs) 
containing 
curcumin 

Male 
Sprague–
Dawley rats 

Severity of the disease 
was examined by 
both biochemical and 
histological methods 

mNLCs were effective at 
reducing the liver damage 
and fibrosis, indicated by 
increase in liver enzymes 
and pro-inflammatory 
cytokines in the circulation, 
along with the least 
increase in collagen fibers 
and alpha smooth muscle 
actin and the most 
increased hepatocyte 
growth factors (HGF) and 
matrix metalloprotease 
(MMP) two in the livers 

[68] 

Cancer 
Doxorubicin 
loaded quantum 
dots-embedded 
mesoporous 
silica 
nanoparticles 
(Q-MS) as a 
core and 
poly(N-
isopropylacryla
mide 
(NIPAM))-
graft-chitosan 
(CS) nanogels 

Hep-G2 Tumor cell imaging 
was explored by 
confocal laser 
fluorescence 
microscope and 
thermo/pH-sensitive in 
vitro drug release and 
cytotoxicity was also 
determined 

Nanospheresas were 
effective PL imaging in 
tumor cells, Loading 
content and embed 
efficiency of Dox into 
nanosphere carriers were 
markedly influenced by pH/ 
thermo 

[69] 
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Doxorubicin 
loaded cyclic 
Arg-Gly-Asp 
(cRGD) peptide 
conjugated to 
bovine serum 
albumin linked 
with cell-
penetrating 
peptide (CCP) 
KALA 

U87-MG 
and NIH 
3T3 cells 

Tumor targeting, 
cell-penetrating 
activity 

 Diverse actions of 
nanoformulation such as 
effective tumor targeting, 
cell-penetrating activity and 
endolysosomal and  pH-
responsive acivity was 
determined by using 
confocal laser scanning 
microscopy 

[70] 

By 
carboxylation, 
acylation, 
amination, 
PEGylation and 
conjugation 
with 
gemcitabine 
pristine single 
wall nanotube 
were employed 

Human 
lung 
carcinoma 
cell line 
(A549), 
human 
pancreatic 
carcinoma 
cell line 
(MIA 
PaCa-2) 

Cytotoxic activity by 
MTT assay 

Effective cytotoxicity was 
observed 

[71] 

B6 nude 
mice 

Tumor growth 
inhibition activity 

Efficient inhibit tumor 
growth in nude mice was 
observed 

Bcl-xL-specific 
shRNA and a 
very low 
doxorubicin 
content 
encapsulated by 
polyethylenimin
e, grafted 
through 
polyethylene 
glycol linker to 
carboxylated 
single-walled 
carbon 
nanotubes 
(SWCNT) and 
was covalently 
attached to 
AS1411 
aptamer 

L929, AGS 
cells 

Evaluation of 
tumoricidal efficacy, 
shRNA-mediated 
gene-silencing strategy 

The nanoformulation 
showed excellent 
tumoricidal efficacy which 
was demonstrated by MTT 
assay 

[72] 
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Neurodegenerative diseases 
Exosomal-
based 
delivery system 
laden with 
catalase 

Mouse 
macrophag
e cell line, 
Neuronal 
PC12 rat 
adrenal 
pheochrom
ocytoma 
cell line 

Exosomal uptake and 
cytotoxicity by the cell 
lines 

Neurons were effectively 
imputed with exosomes that 
produce a better neuro-
protective activity in 
response to oxidative 
Stress 

[13] 

Female 
C57BL/6 
mice 

The exosomes’s 
biodistribution in 
inflammated mouse 
brain 

In mice with acute brain 
inflammation, catalase-
filled exosomes defend 
SNpc neurons against 
oxidative stress 

L-Glutathione- 
decoration of 
poly(ethylene 
imine) loaded 
with plasmid 
DNA 

hCMEC/D
3 
endothelial 
cell layer, 
L292, HEK 

Bio- and 
hemocompatibility, 
cytotoxicity, as well as 
their ability to cross a 
hCMEC/D3 
endothelial cell layer 
and cellular uptake 

GSH-coupling represents a 
feasible and promising 
approach for the 
functionalization of 
nanocarriers 
intended to cross the BBB 
for drug-delivery while 
avoiding cellular toxicity 

[17] 

Angiopep-2 
conjugated poly 
(L-lysine)-
grafted 
polyethylenimin
e loaded with 
herpes simplex 
virus type I 
thymidine 
kinase NPs 

MCF-7, 
U87MG, 
U87MG-
LUC 

In vitro anti-tumour 
activity cytotoxicity Efficient in tumor killing 

effect and are biological 
safe 

[73] 

BALB/c 
nude mice 

In vivo anti-tumor 
effect and toxicity 

The nanoformulation GCV 
system 
inhibited the orthotopic 
glioma growth in vivo by 
elevating the apoptosis and 
reducing 
the proliferation of the 
glioma cells simultaniously 

Zein 
encapsulated 
quercetin NPs 

Male 
SAMP8 
and 
SAMR1 
mice 

Effect of quercetin 
formulations in the 
spontaneous motor 
activity test and 
coordination 

The nanoformulation 
improved the cognition and 
memory impairments 
characteristics of SAMP8 
mice and promoted the oral 
absorption of quercetin 

[14] 
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Microbial infection 
Aminosilane-
coated magnetic 
nanoparticles 
functionalized 
with 
chlorhexidine 

Human 
osteoblast 
cells hFOB 
1.19 

Anti-microbial activity 
against Methicillin-
resistant 
Staphylococcus 
aureus, methicillin-
sensitive Staphylococc
us aureus, 
Enterococcus faecalis, 
Escherichia coli, 
Pseudomonas 
aeruginosa Xen 5, 4 
different 
Candida albicans, C. 
glabrata, C. 
tropicalis,IL-8 
concentration and 
cytotoxicity  
 

Increase biocompatibility 
and efficient anti-microbial 
activity was observed  
 

[74] 

Vancomycin-
loaded N-
trimethyl 
chitosan NPs 
encapsulated 
with 
poly(trimethyle
ne carbonate) 

 

  

In vitro release 
activity, anti microbial 
activity against S. 
aureus, Osteoblast 
proliferation 

The nanoformulation have 
elevated drug-loading 
ability and a stable, 
perishable, cytocompatible 
and bactericidal activity 

[75] 

Male New 
Zealand 
White 
rabbits 

Anti-microbial 
activity, bone repair 
activity 

The nanoformulation were 
proved to be efficient in 
treatment of chronic 
osteomyelitis, and had 
excellent probability of 
promoting bone healing 

Vacuolar 
ATPase 
blocker, 
diphyllin 
encapsulated 
with 
poly(ethylene 
glycol)-block-
poly(lactide-
coglycolide) 

fcwf-4 
cells 

Antiviral activity 
against the type II 
feline infectious 
peritonitis virus 

Prominent antiviral effect 
against the feline 
coronavirus 

[76] 

BALB/c 
mice 

Blood chemistry Total protein, blood urea 
nitrogen, creatinine were 
not affected, Aspartate 
Transaminase, alanine 
transaminase, were 
observed to be elevated and 
alkaline phosphatise level 
was decreased. NPs were 
well tolerated in mice 
following high-dose 
intravenous administration. 
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Efavirenz-
chitosan-g-
hydroxypropyl 
β-cyclodextrin 
NPs 

L929 cells Drug release, 
permeability, CNS 
bioavailability, 
targeting efficiency, 
histocompatible, 
cytotoxicity, mucosal 
adhesive capacity 

NPs showed active drug 
delivery, greater 
permeability, non-toxic 

[77] 

Male 
Albino 
Wistar rats 

Pharmacokinetic 
analysis, Gamma 
scintigraphy imaging 
and stability 

Enhanced CNS 
bioavailability/ uptake, high 
drug-targeting percentage 
and drug-targeting index, 
elevated intranasal 
mucoadhesive 

5. Mechanism of action of nanotechnology based therapeutic agents 

At the bottom line a therapeutic agent is preferable, if it harbours properties such as 
active solubility, targeted delivery, control release, preferable retention time, 
biocompatibility, low or negligible toxicity and biodegradability. Accompanying these 
properties size and structural makeup of nanotechnology based therapeutic agents 
contributes to their unique properties to breach the differential physiological barriers and 
reach the targeted site [163].  Again, the exploitation of functionalized nanoparticulated 
systems in in vivo manipulation of preferred receptors via various physiochemical tactics 
to control cellular signal transduction are being refined to perfection in the current era 
[164]. In the present nanotechnology based focused research, how a mechano sensitive 
receptor would respond to a targeted mechanical stimuli raised by a tuned nano 
particulated system at the molecular level to activated downstream signalling cascade is 
likely to be an anomaly [165]. The sophisticated and versatile magneto plasmonic 
nanoparticles-based platform which renders in vivo imaging, localizing and high 
spatiotemporal resolution of the targeted proteins activated by customized loading 
capabilities further contributes to enrich the molecular understanding interplayed by 
nanotechnology [165,166]. 

The diversely branched molecular cascades involved in either activation or inactivation 
of inflammatory molecules which may lead to apoptosis or initiate from apoptosis could 
be intensely regulated by a functionalized nano particulated system. Nanotechnology 
based innovations including these phenomenon are at the brim of present biomedical 
research, success in which may ultimately lead to the formulation of an effective nano-
based therapy. Cancer therapy is one of the booming sector of biomedical science, and 
the research conducted are at such an extent where the experimental investigation are 
intertwined making it a multidisciplinary research. 
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Currently, it could be implicated that, in broad sense there are more than 277 diseases 
that can be regarded as cancer [167]. And for instance these 277 types of cancer my 
involve millions of specific signature molecules expressed by the local cell and billions 
of diversity of these signature molecules or receptors/ differentially expressed proteins 
(DEPs) (DEPs contributes to the onset and progression of cancer) specific to the cancer 
type, which may be regarded as molecular marker for that particular type of cancer. 
Currently, dbDEPC database contains 4,029 DEPs, which is from only 20 types of human 
cancer determined by 331 mass spectrometric experimentations [168]. Similarly there are 
numerous proteins or metabolic intermediates involved in onset or progress of 
inflammation and apoptosis in various infectious and non-infectious diseases and 
disorders. In the current decade these DEPs could be the molecular targets of the 
engineered nanoparticulated systems for the targeted delivery of the desired therapeutic 
agents. 

Conserved sequences in the genome or suicide genes mRNAs on the other hand could 
also effectively be used for devising a nanoparticulated system. One of such system was 
developed by Davis for delivering siRNA. Here an approach was made to deliver siRNA 
encapsulated in cyclodextrin-PEG NPs to solid tumours. Likewise there are a number of 
nanoparticulated drug delivery systems being developed using epidermal growth factor 
receptors, RGD peptide (arginine, glycine, aspartic acid) and antibodies, which are under 
various phases of clinical trials [169]. In a nut shell it may be summed by stating that 
molecular interaction or targeting is at the base line is exploited nearly by every 
nanoparticulated system that displays good clinical results. 

6. Demerits of nanotechnology based therapeutics 

Biomolecules are coated on nanoparticles for ease drug delivery, but its interaction leads 
to toxicological effects and injury to the living system and environment [170].  Cell cycle 
arrest or apoptosis are results of nanoparticle interaction with biomolecules due to 
increase in oxidative stress level [171]. The increase in oxidative stress leads to change in 
cell function which involves oxidative modification of protein, lipid peroxidation, 
mutatation, and modulation of inflammatory responses through signal transduction, these 
all factors leads to genotoxic effects resulting in cell death [172]. 

Nano-CuO is more toxic to cell by production of 8-hydroxy-20-deoxysuanosine (8-
OHdG) whereas nano-TiO2 induces a very lesser amount of (8-OHdG), thus it is least 
toxic to the cell [172]. While its interaction with protein may induce conformational 
changes and competitive binding [173]. Exposure of nanoparticles with immune cells 
during neonatal period may induce allergic inflammation at later stages of life [170]. 
Sometimes nanoparticles behaves as hapten which can change the protein structure and 
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function causing autoimmune disorders as these NPs gets into the cell by endocytosis 
because of its nano structure [174].  The pores and channels produced by membrane 
proteins have structural closeness with nanoparticles due to which blocking of ion 
channels may occur. Carbon based nanoparticles with diameter of 0.9-1.3 nm can 
effectively block the transport of K+ ions across the membrane that may lead to toxicity 
[175].  

Interaction study of nanoparticles by Bressan et al. [176] proposed that gathering of 
nanosilver particles on the exterior of mitochondria obstructs the respiratory pathway and 
give rise to reactive oxygen species and oxygen stress followed by DNA damage. 
Nanosilver action on fibroblasts cell induces release of cytochrome c into cytosol and 
transfer of Bax to mitochondrio results in apoptosis through mitochondrial pathway. 
Nanosilver interaction with DNA induces G1 arrest and completely blocks S phase 
causing apoptosis [177]. Production of TGF-β1 and platelet derived growth factor are 
increased due to multi walled carbon nanotubes which is major reason for development 
of fibrosis [178].  

Nanoparticles often imitate the characteristics of structural protein and are related with 
microtubules and centromere. This interaction may lead to mitotic spindle disruption, 
chromosome breakage/fragmentation, no/multinucleate cells and mutagenecity [175]. 
Reactive oxygen species formation due to interaction of nanoparticles with biomolecules 
like DNA, Protein possesses the highest one electron reduction potential. Understanding 
the mechanism of nanomaterials inducing toxic effect in the living system at molecular 
level will help to modify properties of nanomaterials for commercial use [172]. 

7. Current nanotechnology based therapeutics for clinical trails 

Improved solubility and pharmacokinetics, increased efficiency, ameliorated toxicity and 
increased biocompatibility and biodistribution are some of the basic physical and 
biological advantages of nanoformualted drugs when compared to conventional drugs 
[176-179]. Current FDA-approved bio-materials are mostly of polymeric, liposomal and 
nanocrystal, but an effort has been given towards the development of critically complex 
materials encompassing nano-materials such as micelles, proteins based NPs as well as 
variety of inorganic or metallic NPs for clinical trials [178,180]. The progress made in the 
design and usability of nanotechnology based therapeutic are best represented with the 
ones that are on the way to clinical trials or under clinical trials or finally got approved by 
the FDA after successful clinical results [181]. 

In the present scenario, there are a number of nanotechnology based therapeutics that are 
under different phases or on the way to clinical trials. For example, Xue et al. [81] 
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developed an anti-obesity nanoformulation which at the basic level is a peptide-
functionalized NPs nanoparticulated system to deliver either PPARγ activator Rosi or 
16,16-dimethyl PGE2 to adipose tissue vasculature to promote both transformation of 
WAT into BAT [81]. The nanoparticulated system has not been approved by the FDA, 
but in the near future its fate is awaited. Further a patient-friendly formulation “Afrezza” 
formulated by Mannkind Corporation and is approved by the FDA. Improvement in 
glycaemic control by the nano-formulated ultra-fast-acting inhalable insulin has been 
developed, which was efficient in lowering the level of glycated haemoglobin (HbA1c) in 
patients with type I and II diabetes [182]. Khaja et al. [183] developed a sterically 
stabilized phospholipid NPs encapsulating a siRNA suitable for liver and kidney fibrotic 
diseases. The transition of the nanoconstruct to clinics in a timely manner is under 
consideration. Li et al. [184] developed a nanotechnology based plasmonic gold chip 
which could simultaneously detect 10 cardiovascular autoantibodies targeting proteins 
related to myocardial structure, neurohormonal regulation, vascular proteins and 
apoptosis and coagulation associated proteins [184]. Observing the efficiency of this 
chip, it could be said that soon the chip will be on its way for clinical trials.  

Nanotechnology based drugs are more extensively evaluated for cancer and some of the 
drugs have already been approved by the FDA. For example there are various liposomes, 
polymeric conjugates, polymeric NPs, polymeric micelles such as Myocet™, Doxil™, 
CRLX101, BIND-014, Genexol-PM™, etc. which are either under different phases of 
clinical trials or approved by the FDA [185]. For central nervous system the developed 
nano-based therapeutics includes Diprivan® with active ingredient propofol (marketed by 
Fresenius Kabi), Invega Sustenna® with active ingredient paliperidone palmitate 
(marketed by Janssen (Elan) [178]. Similarly, Donnellan et al. [186] developed an anti-
tuberculosis solid drug NPs of two drugs namely rifampicine and isoniazid which is 
extensively investigated worldwide [186]. With further modification and experimentation 
the nanoformulation could be directed to clinical trials. Antifungal liposomal AmB 
formulation against Mucormycosis and Cryptococcal meningitis are under clinical trials 
and as well as certain nanoformulated antiviral agents Pegasys against hepatitis B and 
hepatitis C, Peglntron against hepatitis C have been approved by the FDA for clinical use 
[180]. Apart from these, there is other nano-based therapeutics which are under different 
phases of clinical trials. 

8. Future prospects of nanotechnology 

In the current century nanotechnology based therapeutics and innovations have stunned 
the researches around the world by its unique potential application in the field of 
biomedical sciences.  The first generation nano-therapeutics have proven their efficiency 
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and provided a legitimate starting point for nano-therapeutics utility, but certain features 
could be further eliminated or modified in the next generation nano-therapeutics. The 
major focus of next generation nano-therapeutics would be to improve pharmacokinetic 
properties such as improved drug solubility, modifiable drug circulation time and 
controlled drug release at the targeted site. Altered biodistribution on the other hand 
would be profoundly benefiting to segregate targeted tissue from non-targeted tissue by 
availing varying degree of drug release. [187].  

Some visible advancement includes the evaluation of hybrid nanocarriers, dual drug 
loaded nanoparticulated systems, high sensitive nano-based devices for detection and 
diagnosis, etc. For example different types of lipid-polymer core-shell systems have been 
developed such as polymer core-lipid shell, hollow core lipid-polymer-lipid systems, 
biomimetic LPH systems and polymer-caged liposomes [188]. A core shell lipid-polymer 
hybrid NPs with a core of poly (latic-co-glycolic acid) and an exterior of liped layer 
containing docetaxel and sphingosine kinase 1 FTY720 (fingolimod) inhibitors was 
developed by Wang and his team [189]. Re-sensitization of castrate resistant prostate 
cancer cells to the docetaxel was mediated by both free and conjugated FTY720 with 
nanoparticulated system was observed. The possibility of controlling or modulating these 
nano-based systems remotely is a result of brief understanding of molecular engineering 
of the system. This spectacular phenomenon or ability to be remotely triggered by 
exogenous stimuli have significantly intrigued the attention of current nano 
biotechnologists to peruse their research and contribute to this innovative science [190].  

Khalid et al. [191] developed a unique nano-therapeutics in the form of nanosphere 
combining silk fibroin and nanodiamond loaded with anthracyline Doxorubicin for 
fluorescence tracking and control release.  Further, Wang et al. [189] formulated a 
protein-based nanocomposite through nucleation and assembly of silica using self-
assembled silk protein nanostructures as biotemplates to carry anti-cancerous drugs. For 
concurrent and extended intracellular imaging and ratiometric detection of hydrogen 
peroxide, Purdey et al. [192] devised a new hybrid nanometerial named 
peroxynanosensor which contained an organic fluorescent probe bound to a nanodiamond 
and was photostable in nature (earlier fluorescent probes lacked photostability). Cao et al. 
[193] further engineered a chelerythine loaded Fe2O3 gated multi-walled carbon 
nanotubenanoparticulation as a therapy against cancer [193]. Similarly, oxidized multi-
walled carbon nanotube grafted with polyethylene glycol nano-system carrying etoposide 
(VP-16) and Bcl-2 phosphorothioate antisense deoxyoligonucleotides was developed by 
Heger et al. [194] for in vitro cytostastic efficiency [194].  

Despite the momentous encroachments made in the field of biomedical sciences beyond 
its best predictable context, but still than there is a gap in the actual fruitfulness of the 
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serviceability of nano-science. For example there have been numerous nano-based 
advancements made in engineering, diagnostics kits, therapeutic and contrasting agents, 
but only for limited number of diseases such as cancer and related diseases. Disorders 
like diabetes, neurodegenerative disorders, and other inflammatory diseases are not as 
much explored as cancer. There are numerous novel target sites and molecules which are 
slowly coming to light with a hope of future utilization. Further, various natural bioactive 
compounds with varying degree anti-diabetic, anti-cancer, liver protective, cardio 
protective efficiency are gradually accumulating after efficient in vitro and in vivo 
experimentations. These bioactive natural compounds could be further explored in 
conjugation with nanoparticulated system for their biomedical efficiency both in vitro 
and in vivo experimentations.In summation, it could be said that nanotechnology holds a 
world of opportunities for the researchers, who genuinely seek to make a difference.  

Conclusion 

Nanotechnology based theranostics are among the most innovative and strategic 
intervention that the scientific community had an opportunity to acknowledge. The extent 
to which the application could be exploited is beyond the comprehension of mankind as a 
whole. This expendable technology has much more to give than to take and should be 
deeply and critically verified in order to unravel the hidden mystery within. It is now 
possible to hope that the application of nanotechnology in diagnostics and therapeutics 
will greatly evolve to meet the present need. Utilization of nanoparticulated systems in 
engineering a novel experimental theranostics against obesity, diabetes, CVD, liver 
fibrosis, cancer, neurodegenerative diseases and microbial infections are the ongoing 
research. These nano-based next generation therapeutics are not far from eliminating the 
limitations of the current generation therapeutics. Intensive in vivo and in vitro 
experimentation and extensive clinical trials of this nano-based therapeutics are being 
backed up for their commercialization.  

Moreover, the research made in this field could be accelerated as the innumerous 
bioactive compounds of diverse origin such as plant, microbial or animal in conjugation 
to this novel biodegradable, biocompatible, tunable and targeted nanoparticulated 
systems could breach almost every type of biological barriers with negligible toxicity be 
evaluated in near future. Thus, there is an extensive need of future research to properly 
understand the molecular notation of these nanoparticulated systems, how they interact 
inside the host tissue or cells and how specifically as well as precisely these are 
controlled or targeted. Then only an effective and novel nano-theranostic could be 
engineered with efficiency to serve all of mankind 
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