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Abstract
Currently, over 80% of all deaths result from the incidence of chronic diseases. The challenge of modern 
medicine is to develop innovative and effective methods of diagnosis and therapy of these disorders. Differ-
ent types of particles can be obtained with the use of nanotechnology, including nanoliposomes, solid lipid 
nanoparticles (SLN), nanospheres, dendrimers, as well as carbon nanotubes (CNT) or fullerenes. All of these 
nanoparticles (NPs) are suggested to have potential, both in medicine and in diagnosis of many diseases, 
giving a chance for recovery or longer life for the patients. The studies concerning the usage of NPs show 
their effective role in most cases. However, there are also concerns about their toxicity or long-term adverse 
effects. The aim of this literature review was to discuss the results of the latest available studies concerning 
the efficacy of selected drug-loaded nanocarriers in several chronic diseases, i.e., cardiac disorders, cancer, 
Alzheimer’s disease (AD), Parkinson’s disease (PD), and wound healing. We also focused our attention 
on the methodology of NPs preparation, materials used for their preparation as well as on positive and 
negative aspects of these nanocarriers.
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Introduction

In recent decades, the average life expectancy has sig-
nificantly increased. Advances in medicine and the im-
provement of living conditions have significantly reduced 
mortality caused by infectious diseases and inflamma-
tory conditions of various etiologies. Currently, over 80% 
of all deaths are a result of chronic diseases.1 The challenge 
of modern medicine is to develop innovative and effective 
methods of diagnosis and therapy for chronic conditions. 
Currently, modern controlled drug release systems are 
being extensively studied.2 However, one of the important 
issues in the process of developing new drugs is the bio-
availability of  active pharmaceutical ingredient (API). 
To overcome this potential problem, several methods can 
be used, including micro- and nanonization, which can 
help reduce a substance to a micro- or nanosize with-
out changing its chemical properties. They also increase 
the surface area of drug particles, especially in the case 
of nanoparticles (NPs), leading to faster dissolution rates 
and increased bioavailability in the body.3

The use of NPs containing various active substances 
is widely analyzed in the areas of diagnostics, medicine and 
pharmacy. Nanoparticles included in the diagnostic tests 
can help in quick determining the patient’s disease state 
as well as precise indicating the location of the pathological 
cells in the human body.4 Nanoscale methods used in phar-
macy make it possible to manufacture spherical- or fi-
brous-shaped, and single- or multilayered NPs. The new 
drug delivery systems (DDS) enable API to reach the target 
site. In addition, the structure of API can be modified. Due 
to the size of NPs (ranging from 1 nm to 100–200 nm) 
it is possible to suspend them in a gas and thereby to obtain 
a therapeutic aerosol.5 The NPs can also be suspended 
in a liquid or embedded into a solid matrix.6 The specificity 
of the nanopreparation is associated with a reduced dose 
or concentration of API. In addition, reduced adverse ef-
fects of API can also be observed. Currently, intensive work 
is being conducted on biodegradable polymers and natural 
biopolymers, used in the production of NPs, which will be 
compatible with the cells of the human body.7 It is impor-
tant to improve technology for the manufacture of NPs; ob-
tained NPs should be characterized by high homogeneity, 
monodispersity and, thus, optimal efficiency. Nanoscale 
techniques currently in use have many disadvantages, 
among which are difficulties in obtaining a product with 
high stability and low toxicity. During the manufactur-
ing process, some polymorphic transformations can pos-
sibly appear, as well as a tendency towards aggregation. 
In addition, these techniques are time-consuming and 
require high financial outlays. The results of experimen-
tal studies suggest, however, that the use of NPs in medi-
cine may revolutionize the therapeutic success of treating 
many diseases, i.e., neoplastic diseases, heart diseases, 
but also neurodegenerative diseases or wounds difficult 
to heal.7–11 On the other hand, controversies about their 

long-term toxicity, which is not yet fully known, have also 
been raised.12 These concerns are the reason why work 
is being done to develop the legal regulations regarding 
nanotechnology methods.13 At present, the so-called soft 
international law regulates the safety of using innovative 
applications of nanotechnology, which includes recom-
mendations with regard to current standards.14

The aim of this literature review was to discuss the re-
sults of the latest available studies concerning the efficacy 
of certain drug-loaded nanocarriers in selected chronic 
diseases, with special emphasis on methodology as well 
as materials used during their preparation.

Characteristics of selected 
drug nanocarriers

The following types of NPs can be distinguished in rela-
tion to the material used: lipid-based (e.g., nanoliposomes, 
lipospheres, including solid lipid NPs (SLN) and nanostruc-
tured lipid carriers), polymeric-based (e.g., nanospheres, 
nanocapsules) or carbon-based (fullerenes, carbon dots, 
carbon nanotubes (CNT)).6

Nanoliposomes are spherical structures up to  100–
200 nm in size, with the walls formed by a lipid bilayer 
with an aqueous phase as a core of a vesicle. The struc-
ture of the liposomes/nanoliposomes, as well as methods 
of  their preparation and division, are well-understood 
and have been described in previous studies.6 Nanolipo-
somes show a number of advantages, e.g., lack of toxicity 
and immunogenicity, full biodegradability and structural 
versatility as carriers. However, a number of disadvan-
tages of liposomal carriers can be noted. Studies demon-
strated, among others, low stability, especially in the case 
of aquatic environment, high accumulation in the liver 
and spleen, difficulty in overcoming the blood–tissue bar-
rier, oxidation of the lipid, hydrolysis of the ester moiety, 
or API release to the external phase.6,15 Many studies have, 
therefore, been performed to modify the structure of lipo-
somes sufficient to obtain the efficient transport of active 
substances.15,16 Nanoliposomes can be often coated with 
polyethylene glycol (PEG), which may, among other things, 
affect the half-life of the drug-molecule-transporter con-
jugate in the blood.16

Another spherical lipid-based particles are lipospheres 
with a size of up to 500 nm, in which 2 types can be dis-
tinguished: SLN and nanostructured lipid carriers (NLC).6 
The structure of SLN resembles the oil/water (o/w) emul-
sion, in which the liquid lipid has been replaced by a lip-
id solid at room temperature.17 The biologically active 
compounds are arranged in an aqueous phase containing 
surfactants between the chains of the hydrophobic com-
pounds. The lipid content in the lipospheres is approx. 
0.1–30% and leads to good in vivo tolerability and reduced 
toxicity.18 Solid lipid nanoparticles provide better stabil-
ity for encapsulated proteins, preventing their proteolytic 
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degradation, in addition to their prolonged release. In con-
trast with SLN, the matrix in NLC can form both solid and 
liquid lipids (e.g., Miglyol, Capmul, MCM).19 Nanostruc-
tured lipid carriers can be manufactured in high-pressure 
hot homogenization in the form of multiple systems such 
as oil/solid lipid/water suspension. A dispersing method 
using a high-speed mixer and a method for emulsion for-
mation and emulsification with evaporation or diffusion 
of an organic solvent can also be used for the preparation 
of lipospheres.20,21 Both SLN and NLC may provide better 
stability of the drug, and a reduction of the first-pass-effect 
after oral administration, as well as mask its bitter taste.21

Among polymer-based NPs, nanospheres, nanocap-
sules and dendrimers are the most studied in the context 
of drug delivery.6,22–24 The polymers used to manufacture 
these particles should be biodegradable and biocompatible. 
 Simultaneously, the drug should be released at the target 
site and at a concentration within the therapeutic range. 
In nanospheres, the active ingredient is incorporated (sus-
pended) in a biodegradable polymer matrix. The mecha-
nism of API degradation is chemical (polymer hydrolysis) 
and physical as well (matrix erosion). The size of nano-
spheres (10–200 nm) allows for their free penetration into 
tissues and cells and prevents them from being absorbed 
by the cells of the immune system of the body.6 Nano-
capsules are in the form of colloidal nanovesicles sized 
100–500 nm. The core of this structure (o/w) is surround-
ed by a polymer membrane.22 Synthetic (e.g., polycapro-
lactone, polyacrylamide, methyl polymethacrylate) and 
natural (e.g., gelatine, chitosan, albumins) polymers are 
most commonly used to obtain nanocapsules.

In turn, dendrimers are organic polymer compounds 
with a highly branched structure in the shape of a sphere. 
These kinds of NPs consist of the core and radially branch-
ing dendrons. Their unique trait is that they can transport 
the drug in 2 ways: via covalently linking the drug mol-
ecules to surface groups of the NPs and by encapsulating 
the drug in the spaces between the branches of the poly-
mer. In addition, in anticancer therapy these NPs may carry 
many other substances apart from the anticancer drugs, 
including fluorescent markers, photosensitizers or mono-
clonal antibodies.23,24

In the field of carbon-based NPs, the best-known and 
most analyzed are fullerenes, CNT, dots, and nanodia-
monds. Fullerenes are an  allotropic form of  pure car-
bon with a diameter of approx. 1 nm. The fullerene C60 
achieves the fullest chemical stability and high symme-
try. These particles are obtained using an electric or laser 
arc technique. To use fullerenes for therapeutic purposes, 
their interiors, as well as their surface, can be modified 
(e.g., through coating with polyvinylpyrrolidone (PVP), 
by  PEG addition or  by  complexes with cyclodextrins). 
The following types of fullerenes may be distinguished: 
endohedral, heterofullerenes and exohedral. Other atoms 
or molecules can be placed in the middle of the endohe-
dral fullerenes (e.g., metals, lanthanides carbides). In turn, 

in heterofullerenes, the carbon atoms may be partially 
or completely replaced by other atoms while exohedral 
ones can be obtained by surface modifications. Fullerenes 
show strong antioxidant and protective properties.25 This 
is primarily due to the presence of conjugated double bonds 
and an unfilled molecular orbital. They are characterized 
by a high ability to attach free oxygen radicals, so-called 
radical sponges.26

Carbon nanotubes are cylindrical graphene films which 
are open or closed on one or two sides, with carbon at-
oms arranged in hexagonal structures. These NPs exhibit 
many excellent properties, including electronic, thermal 
and mechanical features. The following types of CNT, due 
to the number of layers they form, may be distinguished: sin-
gle-walled CNT (SWCNT), double-walled CNT (DWCNT) 
and multi-walled CNT (MWCNT). To obtain SWCNT and 
MWCNT, electric arc discharge methods, laser graph-
ite evaporation and chemical vapor deposition are used. 
In turn, double-walled nanotubes may be obtained with 
the encapsulation of C60 fullerenes inside the single-walled 
carbon nanotubes.27 As with fullerenes, the surface of CNT 
may be modified. Previous studies have shown that CNT 
can penetrate cell membranes and are effective carriers 
of various molecules, including peptides, proteins, plasmids, 
nucleic acids, and chemotherapeutics.28,29 Simultaneously, 
low toxicity of CNT as well as structures displaying a lack 
of immunogenicity were also observed.28,29 On the other 
hand, with regard to the safety of using CNT, some data 
revealed that their toxicity was comparable with asbestos 
fibers, which induced some pro-inflammatory mechanisms, 
among others, the secretion of interleukin 1β (IL-1β) from 
lipopolysaccharide (LPS)-primed macrophages.30 It was 
also suggested that, much like asbestos, CNT may cause 
genotoxic effects.31

Table 1 summarizes the characteristics of selected types 
of NPs (description of their structure and diameter, as well 
as exemplary material which may be used to prepare par-
ticular NP) depending on the nature of the raw material 
from which these structures can be obtained.

Figure 1 shows a schematic structure of the described 
NPs. Available data from animal models demonstrated 
that, regardless of the route of administration of a drug, 
they tend to penetrate into the bloodstream quickly and 
are then distributed in organs and tissues. Their elimina-
tion from the body is slow. Most tissues and organs are able 
to remove NPs after cessation of exposure (with the excep-
tion of the reproductive organs and brain, which have been 
found to have increased retention). Nanoparticles can be 
eliminated from the body by the mononuclear phagocyte 
system (MPS) and by organs with the extensive reticulo-
endothelial system (RES) such as the liver and spleen.32 
In turn, nanocarriers based on biodegradable polymers 
(e.g., lactic acid polymers (PLA), glycol acid polymers (PGA) 
or a mixture of them (PLGA)) are completely degraded 
in the body, and their degradation products are excreted 
in the urine after reaching the renal threshold.33
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The toxicity of NPs correlates with their physicochemi-
cal properties, i.e., size, shape, chemical composition, 
surface structure, surface charge, degree of aggregation, 
solubility, degradation time, presence or absence of func-
tional groups of other chemical compounds, as well as re-
activity with the surrounding tissue. Nanoparticles may 
affect the phagocyte system by initiating stress reactions, 
and consequently inflammation. Slowly decomposing 

and/or  non-biodegradable NPs may accumulate in  in-
ternal organs. They are able to pass through cell mem-
branes, while inhaled NPs may reach the liver and heart 
via the bloodstream. Nanoparticles may affect the proper 
course of biochemical processes in the human body, in-
cluding regulatory mechanisms of enzymes and proteins. 
Table 2 summarizes the possible adverse effects, which 
apply to polymer and carbon NPs.

Fig. 1. Schematic structure of selected nanocarriers of active substances: (A) nanoliposome; (B) lipospheres; (C) nanosphere; (D) nanocapsule; (E) dendrimer; 
(F) carbon nanotube; (G) fullerene (original drawings)
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Application of drug nanocarriers 
in selected diseases

The use of NPs in medicine and pharmacy was men-
tioned earlier as being intensively studied in the diagnosis 
and treatment of a rising number of diseases. In this sec-
tion, we discussed the results of studies analyzing the use 
of API nanocarriers in selected chronic diseases, i.e., car-
diovascular disease, cancer and neurodegenerative diseas-
es, as well as in wound healing. Since this topic is so broad, 

we have limited our discussion to results which we believed 
are the most interesting, relevant or innovative.

The potential use of nanoparticles 
in cardiovascular disorders

For several years, research on the possibilities of using 
nanotherapy to treat embolism and thrombosis has been 
conducted.34 Nanoparticles loaded with fibrinolytic drugs 

Table 1. Characteristics of selected NPs

NPs depending 
on the nature 

of the raw material
Types of NPs Short description  

of the particular NP Diameter of NPs Exemplary material used for 
NPs manufacture Reference

Lipid-based NPs 

nanoliposomes 
spherical structures with the walls 

formed by a lipid bilayer and 
an aqueous phase inside

usually below 
100–200 nm

phospholipid, cholesterol 
and phosphatidic acid which 

contains specified charge, 
soybean lecithin 

6, 11, 38

lipospheres

SLN
structure of SLN resembles the o/w 

emulsion; liquid lipid is replaced 
by a lipid solid in room temperature

lipospheres show 
an average size 
below 500 nm,
whereby SLN 

reach larger sizes 
than NLC 

glyceryl monostearate
soybean lecithin 

6, 11, 21

NLC
NLC consist of oil droplets containing 

the drug, placed in the solid lipid matrix
solid and liquid lipids (e.g., 

Miglyol, Capmul, MCM)
6, 11, 21

Polymer-based NPs

nanospheres 
API is incorporated (suspended) 

in a biodegradable polymer matrix
usually 

10–200 nm
PLA, PGA or a mixture of them 

(PLGA), PMMA
6–11, 35

nanocapsules

the form of colloidal nanovesicles 
in which the core of this structure 
(o/w) is surrounded by a polymer 

membrane 

100–500 nm

synthetic (e.g., 
polycaprolactone, 

polyacrylamide, methyl 
polymethacrylate) and natural 

(e.g., gelatine, chitosan, 
albumins) polymers

6, 22

dendrimers
tree-like structure consisting 

of a core (or focal group), the interior 
of the polymer and a surface 

approx. 20 nm
polylysine and 

polyamidoamine,  
poly(aryl ether)

6, 8, 9, 23, 
24

Carbon-based NPs
nanotubes

cylindrical graphene films which 
are open or closed on one or two 
sides, with carbon atoms arranged 

in hexagonal structures

 below 25 nm their surface can be modified
6, 8, 11, 
26–28

fullerenes an allotropic form of pure carbon approx. 1 nm
their structure can be modified 

by coating with PVP or PEG 
6, 8, 9, 11, 

25, 26

NPs – nanoparticles; SLN – solid lipid NPs; NLC – nanostructured lipid carriers; API – active pharmaceutical ingredient; PLA – lactic acid polymers; 
PGA – glycol acid polymers; PMMA – poly(methyl methacrylate); PVP – polyvinylpyrrolidone; PEG – polyethylene glycol.

Table 2. Possible adverse effects of selected NPs

NPs depending 
on the nature  

of the raw material

Types 
of NPs Possible adverse effects

Polymer-based NPs

nanospheres 
Cytotoxicity depends on size, shape and surface charge.

The small size of the nanospheres and the aggregation process are the main causes for their cytotoxicity.

dendrimers
Dendrimer cytotoxicity depends on the generation, the number of surface groups, and the nature of terminal 

moieties (anionic, neutral or cationic). Higher-generation dendrimers as well as dendrimers with positive charges 
on the surface present higher cytotoxicity.

Carbon-based NPs
nanotubes

Similarly to asbestos fibers, carbon nanofibers are likely to induce some pro-inflammatory mechanisms, i.e., the secretion 
of IL-1β from LPS-primed macrophages. In addition, CNT may cause genotoxic effects.

fullerenes
Fullerene colloid prepared with tetrahydrofuran demonstrates toxic effects in different mammalian cells, including 

mitochondrial depolarization, and lipid peroxidation resulting in necrotic cell death.

NPs – nanoparticles; LPS – lipopolysaccharides; IL-1β – interleukin 1β; CNT – carbon nanotubes.
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have been analyzed. They work to dissolve blood clots, 
a cause of myocardial infarctions, strokes and pulmonary 
embolisms. Korin et al. developed a targeted DDS to elim-
inate blood clots.35 Nanoparticles were obtained using 
spray-drying solutions containing poly(lactic-co-glycolic 
acid) (PLGA 50:50, MW 17 kD). The surface of the NPs 
was coated with a tissue plasminogen activator (t-PA). 
Tissue plasminogen activator is bound by surface conju-
gation with the use of streptavidin/biotin. The authors 
tested the nanodrug activated by shear stress in a mod-
el of pulmonary embolism and mesenteric artery em-
bolism in mice. From a carrier sized 180 ±70 nm they 
obtained microaggregates of a size similar to platelets, 
which were stable under physiological blood flow con-
ditions. Within the artery narrowing, where the blood 
flow increases rapidly (shear stress of 1,000 dyn/cm2), 
there was a spontaneous activation of the nanodrug, i.e., 
the breakdown of the microaggregate into NPs with t-PA. 
Korin et al. found that the released NPs accumulated 
within the thrombus and exhibited pharmacological ac-
tivity. Dissolution of clots was obtained with a therapeu-
tic dose of t-PA of 50 mg, which was 50-fold lower than 
a standard dose of t-PA administered intravenously, i.e., 
2 mg/kg.35 However, it  is suggested that the NP–t-PA 
conjugation (biotin and streptavidin) may elicit an im-
mune response.36

Lipid-based NPs, i.e., nanoliposomes as well as SLN 
are among the essential NPs in  the  targeted therapy 
for heart diseases. Dvir et al. investigated the efficacy 
of API encapsulation in nanoliposomes in the targeted 
therapy for myocardial infarctions. Nanoliposomes with 
a diameter of 142 nm were conjugated with a  ligand 
specific for the angiotensin  II type 1 (AT1) receptor. 
The obtained lipid-based NPs were administered by in-
travenous injection to an  isolated rat heart and dem-
onstrated high therapeutic efficacy.37 Shao et al. inves-
tigated the therapeutic effect of Schisandrin B (Sch B) 
in the form of SLN in the model of the rat myocardial 
infarction.38 Schisandrin B  is  isolated from the  fruit 
of Schisandra chinensis and can be clinically applied 
in myocardial ischemia. Polyethylene glycol (PEG) and 
matrix metalloproteinase-targeting peptide (MMP-TP) 
conjugate was synthesized in  the  study. The  MMP-
Sch B liposomes, 130 nm in size, were prepared using 
the solvent displacement technique. The aqueous phase 
was prepared by dissolving the PEG-peptide, DOTAP 
( liposomal transfection reagent) and poloxamer in wa-
ter. Glyceryl monostearate (GMS), COMPRITOL® 888 
ATO (Gattefosse, Paramus, USA), which can serve 
as a lipid carrier, and soybean lecithin (SL), were soni-
cated in acetone to form an organic phase. Both phases 
were combined and mixed until the  organic solvent 
was removed. Efficacy and biodistribution of  the ob-
tained nanodrug were tested both in vitro and in vivo. 
The authors demonstrated that the developed formula-
tion is the optimal carrier of API for the myocardium 

tissues and effectively protects the heart against acute 
myocardial infarction.38

The possibility of using porous silicon nanoparticles 
(PSi) in cardiovascular disease therapy was also assessed. 
The Finnish team attempted to develop PSi-based nano-
systems for targeted therapy and diagnosis of myocardial 
infarction. Peptide-modified nanovectors PSi NPs sized 
10.7 nm, with a surface area of 282 m2/g and a total pore 
volume of 0.75 cm3/g, were manufactured in the course 
of the study and analyzed in terms of their distribution 
in the myocardium tissue after intravenous administration 
in the rat model.39 The results obtained by the cited au-
thors are promising and indicate the potential application 
of this formulation in the future. Similarly, positive results 
were demonstrated for thermally oxidized porous silicon 
(TOPSi) NPs in the isolated rat heart model.40 The NPs 
presented biocompatibility and did not significantly af-
fect cardiac function both before and after the myocar-
dial infarction. In turn, Chan et al. conducted research 
on  the  safety of  using silicon nanoparticles (SiNPs).41 

The toxicity of SiNPs, which were 150 nm in size, was 
measured in vivo in a mouse model. The mice were ad-
ministered NPs intravenously and underwent observa-
tion for 14 days. After this time, the authors performed 
histopathological examinations and blood analysis to as-
sess internal organ damage. In this study, the occurrence 
of adverse effects after the administration of SiNPs was 
not confirmed.41 However, some studies have suggested 
that intravenous administration of SiNPs may lead to their 
distribution/accumulation in the liver, spleen and lungs, 
with subsequent damage of these organs.42

Myocardial infarction can lead to organ failure, thereby 
necessitating transplantation. Unfortunately, the number 
of people waiting for a heart transplant exceeds the number 
of available grafts; therefore, stem cell therapy seems pro-
spective.43 However, their survival is limited due to oxida-
tive stress and ischemia-induced inflammation. Ma et al. 
suggested the usage of melatonin, which is a powerful en-
dogenous antioxidant, for protecting cells against oxidative 
stress.44 In order to increase the effectiveness of this anti-
oxidant, the authors developed a technique for melatonin 
encapsulation in PLGA-mPEG nanoparticles (Mel-NPs). 
They observed that Mel-NPs achieved a higher melatonin 
bioactivity index over time and a better therapeutic effect 
than a conventional melatonin preparation in the model 
of rat myocardial infarction.44 Myocardial infarction ther-
apy using PLGA NPs was also proposed by Nakano et al.45 
who developed bioabsorbable irbesartan-loaded PLGA NPs. 
The efficacy of irbesartan-NPs was studied in the model 
of ischemia-reperfusion injury in the mouse heart, showing 
that such NPs may affect the limitation of infarct size.45

Promising results were also shown in the case of the ther-
apeutic use of proteins in myocardium regeneration after 
myocardial infarction. A  major barrier to  the  success 
of this therapy is the short half-life of proteins in vivo. 
It has been found that liraglutide loaded in PLGA-PEG 
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NPs (liraglutide-NPs) provides sustained release of API 
and retains its biological activity in vitro.46 In addition, 
in the model of rat myocardial infarction, liraglutide-NPs 
improved heart function, reduced the extent of myocar-
dial necrosis, promoted angiogenesis, and also prevent-
ed the apoptosis of cardiomyocytes.46 Zhang et al. have 
shown that the cytotoxicity of PLGA-PEG NPs depends 
on their shape.47 Needle-shaped NPs induced cytotoxic-
ity in the tested cell lines. Lysosomal membrane damage, 
lysosomal enlargement, caspase-3 activation, and DNA 
damage were observed, which in turn induced cell apop-
tosis. The authors did not observe this process in the case 
of spherical PLGA-PEG NPs.47

Currently, attempts are being made to develop inhalation 
therapy, which would use biocompatible and biodegrad-
able peptide NPs to treat heart failure.48 The therapeu-
tic efficacy of peptides delivered in a calcium phosphate 
nanoparticles (CaP-NP) with a  size <50 nm in  the  rat 
and mouse models of diabetic cardiomyopathy was con-
firmed.48 The proposed carrier allows for rapid distribu-
tion of the peptide from the lungs to the bloodstream, and 
subsequently to myocardium and cardiomyocytes. This 
study revealed that heart function was regenerated and 
improved.

The potential use of nanoparticles 
in the treatment of cancer

Cancer is  a  complex disease and still very difficult 
to treat. Classic radiotherapy, as well as chemotherapy, 
is not very effective, mainly due to the lack of specificity, 
low bioavailability and drug resistance.49 Nanoscale tech-
nology may be a promising tool to overcome the limita-
tions of conventional anticancer therapy. Because the NPs 
are coated with specific ligands or antibodies, an increased 
concentration of the drug in the tumor was found, along 
with reduced cytotoxicity in  relation to  healthy cells. 
The reason for this is that the ligand binds specifically 
to receptors on the surface of tumor cells, often those 
that overexpress the disease-related ones. In breast can-
cer, overexpression of the human epidermal growth fac-
tor 2 (HER2) is often observed.50 The recombinant, hu-
manized monoclonal antibody – trastuzumab – is used 
against the HER2 protein. It has been proven that cancer 
cells with an increased expression of the HER2 receptor 
show a more frequent and more intense drug resistance.51 
However, despite the potential for greater malignancy, 
their response to the combined treatment is very effec-
tive. Nonetheless, cytotoxicity of healthy cells remains 
an important problem.

In  the  case of  polymeric-based NPs, many reports 
considered the use of dendrimers, especially polyamido-
amine (PAMAM) dendrimers,52 which come from poly-
amidoamine. Their core may be composed of a hydro-
philic ethylenediamine24 or, for example, of a hydrophobic 

diaminododecane. Kulhari et al. synthesized dendrimers 
with trastuzumab to facilitate the delivery of docetaxel 
to breast cancer cells.53 The use of such a conjugate result-
ed in positive effects related to the possibility of reducing 
the dose of cytostatics, thus reducing the cytotoxicity in re-
lation to healthy cells, but also reducing drug resistance.53 
The same type of dendrimer, but doxorubicin-loaded, was 
tested in mice by Zhong et al.54 to analyze the possibil-
ity of reducing the lung metastases. Decreased cardio-
toxicity was found in addition to increased accumulation 
of the drug in the tumor.

Unfortunately, apart from such promising reports related 
to the use of dendrimer conjugates with anticancer drugs, 
some rather more negative aspects of such therapies should 
be mentioned. All types of dendrimers are characterized 
by cytotoxic and hemolytic properties.24 To eliminate or re-
duce these disadvantages, the surface of dendrimers can be 
modified, e.g., by binding to PEG (PEGylation). PEGylation, 
in addition to reducing cytotoxicity, carries another posi-
tive feature: it reduces the release of the drug from the for-
mulation.55 Furthermore, it was found that PEGylation did 
not affect the load capacity of the drug.55

Recently, the use of Au-Ag NPs in bladder cancer has also 
been analyzed.56 Polydopamine (PDA)-coated Au-Ag mol-
ecules (Au-Ag@PDA NPs) were administered to T24 cells 
at different doses. These cancer cells were then irradiated 
with a laser wavelength of 808 nm. In addition to the in vitro 
study, the authors also verified the effects of therapy with 
the use of Au-Ag@PDA NPs in mice. Good structural sta-
bility, biocompatibility, photothermal effects, and potential 
anticancer efficacy were found.56

Similarly to dendrimers, carbon NPs can be conjugated 
to a  ligand specific for a particular receptor and over-
expressed in a given cancer. Among carbon-based NPs 
which can be used in cancer therapy, special attention 
has been paid to CNT and carbon dots (C-dots). These 
NPs were suggested as carriers of doxorubicin and gem-
citabine. An interesting perspective is the coupling of CNT 
with cadmium telluride quantum dots (CdTe-QDs). This 
allows for optical imaging and drug administration us-
ing an external magnetic field. The CNT were filled with 
Fe3O4. On their surface, quantum dots coated with silica 
(SiO2) were added. Magnetite crystals improved chemi-
cal stability, increased the load capacity of the drug and 
protected against agglomeration. Silica hybrid coatings 
reduced the toxicity of the entire system. The excellent 
load capacity of this nanosystem was discovered together 
with the possibility of delivering directional doxorubicin 
hydrochloride to Hela cells.57

On the other hand, in the study by Shi et al.,58 the outer 
part of  MWCNT was conjugated with PAMAM den-
drimers. Such a nanosystem was observed to have high sta-
bility and biocompatibility. It was also effective in reaching 
cancer cells overexpressing folic acid receptors with high 
affinity, which can undoubtedly be used both in cancer 
diagnostics and therapy.
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In the case of fullerenes, the data indicated that antican-
cer drugs conjugated with fullerenes may decrease their 
cytotoxicity on account of their role as radical sponges.38,39 
In the study of Chaudhuri et al.,59 conjugate of fullerenol-
doxorubicin (DOX) inhibited the proliferation of cancer 
cells in vitro, blocked the G2-M cell cycle and induced 
the process of apoptosis. The authors did not observe any 
toxicity of the obtained nanosystem, which even demon-
strated its protective effect on cardiac muscle, kidney, lung, 
as well as venereal cells. Similar cardioprotective results 
were demonstrated in the study performed on Wistar rats 
by Torres et al.60

Forms and structures of different types of NPs allow 
for their usage in thermal and photodynamic therapy.61 
Recently, it has been found that phototherapy, induced uti-
lizing a near-infrared laser with the use of modern photo-
sensitizers, brings better treatment effects than previously 
used therapies. In their study, Sheng et al. used copper 
oxide sulfide NPs with polyethylene glycol diacrylate modi-
fied with copper sulfide (CuS) NPs (PEG-DA-CuS NPs).61 

Due to PEGylation, the solubility of CuS was increased, 
with a subsequent increase of  its bioavailability. When 
these NPs reached the tumor, they were irradiated with 
a laser, which increased their temperature above 90°C.

For lipid-based NPs in the treatment of cancer, Yang 
et al. used lipospheres SLN, obtained using high-pres-
sure homogenization, as carriers of the anticancer drug 
– camptothecin.62 The authors have shown that SLN may 
prolong the release of camptothecin and other lipophilic 
drugs for even 1 week. In other research, linalool, which 
is a monoterpene found in essential oils of plants and herbs 
showing an antiproliferative activity in cancer cells, was 
encapsulated in SLN lipospheres with a yield of over 80%.63 
Controlled in vitro release profiles over a period of at least 
72 h were obtained for this nanosystem. The authors also 
demonstrated the antiproliferative effects of SLN-loaded 
linalool on hepatocarcinoma (HepG2) and lung adeno-
carcinoma (A549) cells as well as higher inhibitory effects 
compared to free linalool.

Zhou et al.64 encapsulated quercetin (QCT) into nanoli-
posomes and evaluated their morphology, particle size dis-
tribution, drug loading, encapsulation ratio, and the in vi-
tro release of the drug. In addition, the authors carried out 
pharmacokinetics and anticancer activity examination 
on the mice model. Nanoliposomes were prepared using 
the thin-film hydration method with a modification using 
a short peptide containing arginine-glycine-aspartic acid 
(RGD). It was demonstrated that water-insoluble reagents, 
such as QCT, are readily dispersed in lipid solution and 
entrapped by the thin-film hydration. In addition, it was 
found that the size of the obtained nanoliposomes is suit-
able for the fenestrated blood vessels of the cancer tis-
sues through the enhanced permeability retention effect. 
The biodistribution was evaluated using in vivo fluores-
cence imaging giving strong signals around the carcinoma 
cells. The release tests showed that the proposed QCT 

delivery system is  useful because of  its accumulation 
in cancer tissues and the reduced exposure of healthy 
tissues. The use of  the RGD peptide to target integrin 
in the endothelium of the blood vessels of the tumor has 
confirmed the feasibility of a previously known method 
to inhibit angiogenesis and metastasis. The results indi-
cate that the proposed RGD complex with nanoliposomes 
significantly increases the ability to inhibit tumor growth 
compared to normal liposomes.64

In the study conducted by Hasan et al.,65 nanoliposomes 
containing curcumin, which is characterized by a broad 
spectrum of positive activities, e.g., antioxidant, antitumor, 
anti-inflammatory, as well as antimicrobial, were prepared 
using lecithin from salmon, soya and rapeseed. The aver-
age size of the obtained nanoliposomes was the smallest 
for those made from soya (110.3 ±0.8 nm) when compared 
with free liposomes and rapeseed and salmon nanolipo-
somes. The authors observed the highest entrapment ef-
ficiency of the curcumin in the case of salmon liposomes 
(67.3% ±1.1% vs 63.2% ±0.7% for rapeseed nanoliposomes 
and 65.0% ±1.1% for soya nanoliposomes). The in vitro 
antitumor activity of liposomal curcumin was analyzed 
on  MCF7 cancer cells. The  study demonstrated that 
curcumin-loaded nanoliposomes significantly increased 
the cancer cell cytotoxicity, while lower impact of free 
curcumin on cancer cells was found.

In turn, Chen and Liu66 received nanoliposomes with 
bufalin (BF) using the  high-pressure homogenization 
method. Empty liposomes (LP), liposomes modified with 
folic acid (FA-BF-LP), liposomes modified with transfer-
rin (Tf-BF-LP), and complex liposomes modified with 
both FA and Tf (FA+Tf) BF-LP were administered into 
the mice with lung cancer. Bufalin has antiproliferative 
properties and induces apoptosis of tumor cells. How-
ever, it is toxic, insoluble in water and has a short half-life. 
Due to the abovementioned features, the authors focused 
on the possibility of closing BF into modern DDSs. They 
determined the morphology of the NPs as being spherical 
and of appropriate size. Particle size is an important pa-
rameter. Because NPs below 400 nm can emerge in the mi-
crospace of the tumor, smaller sizes can internalize into 
the cell through endocytic vesicles in a more efficient 
way. The anticancer efficacy was assessed after a period 
of 2 weeks after injection into A549 cells. The greatest ef-
fect of tumor suppression was observed after the (FA+Tf) 
BF-LP administration.66

In  a  study by  Zabielska-Koczywąs et  al.,67 gold NPs 
(Au NPs) loaded with doxorubicin (DOX) and glutathi-
one-stabilized (GSH) were analyzed in nude mice in feline 
injection-site sarcomas, which are malignant skin tumors. 
The obtained Au-GSH NPs had a size of approx. 5.5 nm. 
The Au-GSH NPs were observed to co-internalize with 
tumor-associated macrophages (TAM) close to the area of   
necrosis and in the tumor periphery. Further, the authors 
found no negative effect of AU NPs on liver and kidney 
parameters in nude mice.67
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The potential use of nanoparticles 
in delivering API to the brain

The most important problems in the development of new 
drugs for these diseases are ineffective crossing of blood–
brain barrier (BBB), the poor solubility of the drug as well 
as  its low bioavailability. The  size of  active substance 
particles and endothelial permeability are the main fac-
tors that affect the crossing of the BBB, which separates 
the central nervous system (CNS) from the systemic circu-
lation. Among other barriers limiting or preventing drug 
delivery to the brain, a barrier separating the blood from 
the cerebrospinal fluid (blood–cerebrospinal fluid bar-
rier (BCSFB)) and some functional barriers in the forming 
transporter mechanisms (influx and efflux) of the CNS 
may be distinguished.68

A number of studies have been performed to analyze 
whether nanotechnology methods allow the delivery of ac-
tive substances to the brain.69–73 Experimental research 
on animal models demonstrated the effective delivery 
of nanoemulsions containing diazepam and risperidone 
into a rat brain.69,70 Nanoemulsion with diazepam was 
prepared with the use of cold high-pressure homogeni-
zation and the following ingredients: triglycerides and 
soybean oil (oil phase), 0.1 M phosphate-buffered saline 
(PBS; pH 8, aqueous phase), and lecithin and polysor-
bate 80 (emulsifiers). Fast and intense initial distribu-
tion of diazepam into rat brain was demonstrated when 
nanoemulsions with 20% and 30% (w/w) oil content were 
used.69 Another study of the same research team com-
pared the effectiveness of different emulsifiers used dur-
ing the preparation of nanoemulsions and showed that 
risperidone brain availability was increased in the case 
of poloxamer 80 in comparison with that of poloxamer 
188 or Solutol® HS15 (Sigma-Aldrich, St. Louis, USA).70

Sadegh Malvajerd et al.71 demonstrated that after the in-
travenous administration of a 4 mg/kg dose of curcumin 
in a rat, its amount available in the brain was significantly 
higher in the case of curcumin-loaded nanostructured 
lipid carriers than in the case of free curcumin and cur-
cumin-loaded SLN. Curcumin was dispersed as amor-
phous in the analyzed nanocarriers.

Recently, some interesting studies showing the possible 
delivery of active substances to the brain via the nasal route 
have been published.72,73 Liu and Ho72 manufactured chi-
tosan NPs using an ionic cross-linking method, loaded 
them with scutellarin (SCU), which is a traditional Chi-
nese medicine used for the treatment of ischemic cerebro-
vascular disease, and aimed to deliver SCU to the brain 
through the nasal route. Increased accumulation of SCU 
delivered as encapsulated in NPs in the brain was observed 
when compared to SCU in solution. In a study by Sharma 
et al.,73 PLGA midazolam-loaded NPs delivered intrana-
sally demonstrated a drug release at 83% within 4 h and 
can, therefore, be proposed as a non-invasive DDS which 
improves drug entrapment and stability.

Neurodegenerative diseases

Since the number of people suffering from neurodegen-
erative diseases is increasing each year, they are a serious 
health problem all over the world.74 The course of demen-
tia, especially Alzheimer’s disease (AD), has most often 
a slow beginning and may remain unnoticed for a long 
time. However, their impact on patients as well as the fami-
lies’ lives is  enormous, both during the  development 
of the disease and after the diagnosis.74 Unfortunately, 
so far no drug has been developed to completely counter-
act the effects of neurodegeneration. Thus, the only way 
to reduce its progression is through early diagnosis and 
subsequent successful treatment.

Alzheimer’s disease is caused by toxic effects of β-amyloid 
peptides that aggregate and are deposited as  amyloid 
plaques in neural and vascular tissues. It all begins with 
the proteolytic cleavage of the amyloid precursor protein 
(APP).75 It has also been shown in animal models that dys-
function of the cholinergic system can produce a memory 
deficit similar to AD.76 Current treatment of AD is based 
on acetylcholinesterase (AChE) inhibitors or influencing 
inhibition of glutamate excitotoxicity.77 However, tacrine, 
galantamine, rivastigmine, and memantine have been 
linked to some adverse effects including hepatotoxic-
ity, nausea, vomiting, dizziness, confusion, or constipa-
tion, which may lead to the discontinuation of the treat-
ment.77 In the brains of rats, Wilson et al.78 observed 
that the level of tacrine, which was encapsulated in NPS 
coated with 1% nonionic surfactant polysorbate 80, was 
elevated compared with the uncoated NPs as well as with 
the  free drug. According to the authors, these coated 
NPs may be delivered to the brain through the interac-
tion between polysorbate 80 coating and the endothelial 
cells of the brain micro vessels.78 What is more important, 
the toxicity of  tacrine may be reduced with this drug 
form, as coating tacrine-loaded NPs with polysorbate 
80 decreased its accumulation in the  liver and spleen. 
Other studies also demonstrated the role of polysorbate 
80 in the effective delivery of different active substances 
into the brain.79,80

Because of their many advantageous effects, nanolipo-
somes have been suggested to be a promising system for 
API delivery to the brain in AD, since they are non-toxic, 
biodegradable and non-immunogenic. The study conduct-
ed by Truran et al.81 demonstrated that nanoliposomes 
composed of phosphatidylcholine, cholesterol and phos-
phatidic acid with a 70:25:5 molar ratios (20 mg lipid/mL) 
prevent β-amyloid peptide 1-42 (Aβ42) fibril formation. 
Nanoliposomes were prepared through the dissolution 
of the lipid mixture in chloroform, which was subsequently 
removed using a rotary evaporator, and then the dry lipid 
film was hydrated using a HEPES buffer and the mixture 
was sonicated.81 A curcumin-decorated nanoliposomes 
was demonstrated to have a very high affinity for Aβ1-42 
fibrils with their potential in the targeted delivery of new 
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diagnostic and therapeutic molecules for AD.82 Very prom-
ising results have been linked to the studies concerning 
dendrimers as carriers of anti-amyloidogenic and anti-pri-
onic substances.83,84 The study conducted by Klementieva 
et al.83 demonstrated that in vitro poly(propylene imine) 
(PPI) glycodendrimers of the 4th and 5th generation modi-
fied with maltose can reduce the toxicity of Aβ(1-42). Fur-
thermore, Klajnert et al.84 found a reduction of β-amyloid 
fibril formation when using gallic acid-triethylene glycol 
(GATG) dendrimer decorated with 27 terminal morpho-
line groups ([G3]-Mor).

In the case of using carbon-based NPs in the AD model, 
the study of Li et al.85 demonstrated that SWCNT had 
the potential to inhibit Aβ(16-22) and full-length Aβ fibril-
lation. The study conducted by Yang et al.86 demonstrated 
the successful delivery of acetylcholine to mice brains with 
experimentally induced AD using SWCNT with a diameter 
of 0.8–1.2 nm and a length of several microns. The authors 
precisely controlled the doses of obtained acetylcholine-
loaded SWCNT, ensuring that the SWCNT preferentially 
penetrates the  lysosomes instead of  the mitochondria, 
which can happen when using high doses. In turn, Lohan 
et al.87 indicated the potential role of MWCNT, coated with 
polysorbate/phospholipid and berberine-loaded, in reduc-
ing β-amyloid-induced AD. The analyzed formulation had 
a size of 186 nm and manifested 96% release of berberine 
over 16 h.

In Parkinson’s disease (PD), overexpression of α-synuclein 
leads to  the  death of  dopaminergic neurons. Therapy 
is limited to relieving the symptoms of the disease, both 
by using therapeutics or surgery.88 At present, there is no 
treatment which could lead to regeneration of the brain 
tissue. However, many different neuroprotective and neu-
roregenerative molecules, including neurotrophic factors, 
antioxidants and RNA-based drugs, have been studied 
for their therapeutic capabilities in PD.89 Unfortunately, 
their delivery to the brain is still a big challenge. Recently, 
a therapeutic device, which has the potential to deliver ce-
rebral dopamine neurotrophic factor directly to the brain 
of PD patients, has also been designed.90 There are also 
many reports indicating the advantages of using NPs in PD 
therapy.10

Hu et al.91 analyzed Au NPs loaded with plasmid DNA 
and obtained through the combination of electrostatic 
adsorption and photochemical immobilization methods 
with regard to their therapeutic effects in PD models.91 
The authors observed that these systems could success-
fully cross the BBB and inhibit the apoptosis of PC12 cells 
and dopaminergic neurons in PD mice brain. In a study 
conducted by Cao et al.,92 rat models of PD were separately 
given chitosan-coated levodopa liposomes/benserazide 
and levodopa/benserazide. The authors found that levodo-
pa-loaded liposomes, coated with chitosan, may reduce 
dyskinesias inducing PD. In another study concerning 
the usage of nanoliposomes in the PD model, neutral (zwit-
terionic) nanoliposomes supplemented with cholesterol 

(NLP-Chol), both PEGylated or not, were demonstrated 
to reduce the neurotoxicity of α-synuclein, which aggre-
gates to form fibrils in neuronal cells of PD patients.93

Interesting results were demonstrated by Al-Dhubiab 
et al.94 who prepared selegiline-loaded poly(lactide-co-
glycolide) nanospheres, which then served to impregnate 
a buccal film made with hydroxypropylmethylcellulose 
and eudragit. The  physical properties, mucoadhesive 
strength and hydration of the film were found to be ade-
quate. In vivo analysis of the buccal film revealed improved 
bioavailability in comparison with the oral solution, mak-
ing it a possible alternative approach for the treatment 
of PD.94

Inhibiting the α-synuclein fibril formation is a potential 
therapeutic strategy in PD. Studies analyzing the possible 
role of carbosilane and viologen-phosphorus dendrimers 
in this process have previously been performed.95,96 The au-
thors also demonstrated carbosilane dendrimers as a par-
tially protective factor against the toxic effect of rotenone, 
which is a compound of pesticides.96 Rotenon is suggested 
to be a risk factor for PD, since it induces oxidative stress, 
aggregation of α-synuclein and dysfunction of the ubiqui-
tin-proteasome system.

The potential use of nanoparticles 
in the treatment of wounds

Chronic wounds have a  significant impact not only 
on patients’ life, resulting in impaired mobility, limb am-
putation and even death, but also on the healthcare sys-
tem. Wound healing is a complicated process that needs 
immediate management after the onset of  injury. Ideal 
wound healing should be rapid, leaving minimal scarring 
with no negative esthetic effects. Many stages are involved 
in the whole process of healing, including coagulation, 
inflammation at  the  sites, proliferation, angiogenesis, 
remodeling, and restructuring of the tissues. The exact 
mechanisms of wound healing are not fully understood; 
however, it has been suggested that the use of silver NPs 
(Ag NPs) on wounds may cause a reduction in the activity 
of local matrix metalloproteinases and increase the de-
struction of neutrophils in the wound cells.97 Silver NPs, 
which may be an alternative to antibiotics in the treatment 
of severe open wounds due to the increasing resistance 
of pathogenic bacteria to antibiotics, are intensively stud-
ied.98–100 Silver-loaded NPs may reduce the levels of pro-
inflammatory cytokines and, subsequently, accelerate 
wound healing or inhibit the action of tumor necrosis fac-
tor α (TNF-α) and interferon gamma (IFNγ) factors, which 
are important in the inflammation process.99 However, 
the issue of silver accumulation and toxicity to the skin 
should also be considered. Experimental data indicates 
that absorption of Ag NPs through intact and damaged 
skin is detectable, while in the case of continuous skin con-
tinuity absorption is less pronounced.100 The authors also 
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observed that in the case of damaged skin, the permeation 
of silver is higher than in healthy skin.

Ziv-Polat et al. stabilized the thrombin through binding 
it to maghemite (gamma-Fe(2)O(3)) NPs and compared its 
wound healing efficiency to free thrombin.101 The authors 
treated incisional wounds on rat skin with the following: 
a mixture of fibrinogen, CaCl(2) solution and free or bound 
thrombin. The highest skin tensile strength after 28 days 
of therapy was demonstrated for thrombin bound to ma-
ghemite NPs and the finding was also confirmed during 
histological examination.101

In  turn, Au  NPs with epigallocatechin gallate and 
α-lipoic acid significantly accelerated wound healing 
through their anti-inflammatory and antioxidation effects 
both in cell culture and a murine model.102 In the process 
of wound healing, Au NPs may also be used to deliver 
antioxidants as well as nucleic acids. Previous studies have 
shown the ability of Au NPs, based on antimicrobial pep-
tide combined with pro-angiogenic (vascular endothelial 
growth factor (VEGF)) plasmids, to promote angiogenesis 
and inhibit bacterial infection in diabetic wounds, re-
sulting in faster re-epithelization, improved granulation 
tissue formation and high VEGF expression.103 Curcum-
in NPs were found to have strong antibacterial activity 
to suppress the growth of Pseudomonas aeruginosa and 
Staphylococcus aureus.104 It was also demonstrated that 
curcumin NPs could reduce inflammation and induce cell 
expansion, which is useful in the reconstruction of dam-
aged tissue.105

Nanoliposomes containing propylene glycol were pre-
viously observed to have elevated flexibility, as well as 
good stability and biocompatibility, and, therefore, may 
be a novel topical carrier of active substances.106 Kian-
vash et al. obtained curcumin-propylene glycol liposomes 
approx. 145  nm in  size to  heal second-degree burns 
in  the animal model.107 The prepared nanoliposomes, 
containing 0.3% curcumin, demonstrated effectiveness 
with no adverse effects on intact skin. No detectable cy-
totoxicity on human dermal fibroblast was also found for 
0.3% curcumin-loaded nanoliposomes. In turn, ethosomal 
0.2% curcumin formulation applied once daily on rat dor-
sal improved the following aspects of wound repair: re-
epithelization, neovascularization and collagen synthesis, 
among others. In addition, this formulation significantly 
inhibited the growth of the burn bacterial flora, including 
Pseudomonas aeruginosa.108

In turn, Li et al.109 manufactured flexible nanoliposomes 
with daptomycin (DAP-FL) for topical delivery and bacte-
riostatic activity towards skin infections. The authors used 
lecithin and sodium cholate in a ratio of 17:1 (w/w) while 
lipid to drug ratio was 14:1 (w/w). The mean size of the ob-
tained DAP-FL was 55.4 nm and the mean entrapment 
efficiency was 87.85% ±2.15%. The study demonstrated 
rapid and efficient antibacterial activity against Staphy-
lococcus aureus and effective therapeutic levels of DAP 
were maintained for several hours.109 Xu et al. prepared 

novel liposomes containing a hydrogel core of silk fibroin 
(SF) loaded with basic fibroblast growth factor (bFGF).110 
The obtained liposomes showed high encapsulation effi-
ciency of bFGF and their size was about 100 nm. The au-
thors observed that this specific liposomal system sig-
nificantly improved the stability of bFGF in wound fluids, 
while maintaining cell proliferation activity with respect 
to conventional liposomes containing bFGF. Moreover, 
the  bFGF-loaded liposomes with SF core accelerated 
wound healing very efficiently and induced regeneration 
of vascular vessels to an extent beyond that seen in free 
bFGF or conventional liposomes with bFGF.110

Since zinc oxide is  a  compound composed of  many 
enzymes, it has a great impact on biological functions. 
However, various factors affect the  extent of  this im-
pact, including microcrystals morphology, particle size, 
exposure time, concentration, pH, and biocompatibility. 
In a study by Kim et al.,111 zinc oxide NPs were demon-
strated to reduce mRNA expression of inflammatory cy-
tokines by inhibiting the activation of nuclear factor kappa 
B cells. Ali et al.,112 by using the co-precipitation method, 
were able to manufacture zinc peroxide NPs (ZnO2-NPs) 
that were 15–25 nm in size and with a transition tempera-
ture of 211°C. The obtained NPs presented antimicrobial 
activity against Pseudomonas aeruginosa and Aspergillus 
niger strains isolated from burn wound infections. Also, 
the  ZnO2-NPs were found to  have anti-elastase, anti-
keratinase and anti-inflammatory properties, which were 
promising in wound healing in vivo.112

On  the  other hand, studies concerning PLGA NPs 
in wound healing have also been performed, since PLGA 
supplies lactate, which accelerates neovascularization. 
Chereddy et al.113 prepared PLGA NPs with a peptide LL37, 
which modulates wound healing and angiogenesis, and 
fights infection. The treatment of wounds using PLGA-
LL37 NPs significantly accelerated healing compared 
to those treated with PLGA or LL37 alone. The authors 
observed that PLGA-LL37 NPs improved angiogenesis, 
upregulated interleukin (IL-6) and VEGF expression, and 
modulated the  inflammatory wound response. During 
the  in vitro experiment, it was also demonstrated that 
these novel PLGA NPs had no effect on the metabolism 
and proliferation of keratinocytes.113

Conclusions

One of the main benefits of pharmacotherapy using NPs 
is the reduction of adverse effects. This is due to the sig-
nificantly reduced dosage of the active substance com-
pared with the currently available drug forms. In addition, 
the size of NPs and the possibility of their modification 
make it possible to design innovative solutions in the field 
of imaging, diagnostics and therapy.

However, the real threat is the free penetration of NPs into 
any place inside the body with subsequent accumulation 
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in internal organs such as the liver, bone marrow or heart. 
Opponents of the use of nanotechnology in medicine draw 
our attention to the dangers that this branch of science may 
bring, including the risk of cancer.114,115 Nanoparticles can 
be embedded into the DNA, which can result in the deg-
radation of nucleic acid and the formation of free radicals. 
Some data indicated comparable toxicity between CNT 
and asbestos fibers.30

On the other hand, promising results showing better 
efficacy of anticancer treatment using NPs may change 
the long-standing conviction that a diagnosis of cancer 
is a death sentence. Therefore, it seems that further stud-
ies will not be discontinued, since there is an urgent need 
to reduce the toxicity of anticancer drugs, while simul-
taneously enhancing their effectiveness. However, deci-
sion-makers should, undoubtedly, consider developing 
standards that would regulate the use of nanomaterials 
in medicine, with special attention given to their impact 
on the state of the natural environment.
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